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1. INTRODUCTION  

WHAT IS ACUTE ANKLE TRAUMA? 

Acute traumatic injury to the ankle is a common reason for both emergency department and primary care 
presentations. Inversion injury is the commonest mechanism of ankle injury and injuries are common in children and 
adults of all ages. Blunt ankle injury can sometimes result in fracture, particularly with high energy injury mechanisms 
such as sporting and motor vehicle – related trauma.  More commonly, ligamentous sprain or disruption occurs and 
the commonest ligament to be affected is the anterior talofibular ligament (ATFL) on the lateral aspect of the ankle 
because of the frequency of an inversion mechanism of injury. Minor avulsion fracture of the tip of the lateral 
malleolus is a common accompaniment to ATFL sprain.  

Other bony injuries that can present as acute ankle pain but that do not require specific surgical intervention include 
inferior tibiofibular syndesmosis sprain, and avulsion fractures other than those involving the malleolar tip (anterior 
process of calcaneus, calcaneo-cuboid joint, base of 5th metatarsal). 

Most clinically important acute ankle injuries can be diagnosed with history, examination, and selective use of plain 
radiography. Acute ligamentous injuries involving the anterior talofibular ligament are diagnosed clinically and treated 
symptomatically most often with analgesia, application of ice packs, elevation, and later with temporary 
immobilisation using bandaging or taping and limitation of weight bearing until symptoms resolve.  

Selective use of plain radiography in patients with acute ankle injury is useful in identifying patients who have 
sustained clinically important fracture, dislocation, and osteochondral injuries (which usually involve the trochlea of 
the talus). 

When there are persistent symptoms (such as pain and swelling) after an acute injury, which raise suspicion of either 
instability or other internal derangement, such as osteochondral injury, MRI can be used if the non-emergent weight 
bearing x-rays show no abnormality. 

Ultrasound is the preferred imaging modality when there is suspected acute Achilles tendon rupture (if this cannot be 
diagnosed on clinical examination alone) and MRI can be a useful confirmatory test depending on what is locally 
available. 

MRI has not been shown to be superior to clinical evaluation, plus plain radiography in the acute setting with regard to 
predicting the need for acute treatment of patients with blunt ankle trauma1. 
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HOW CAN CLINICAL DECISION RULES HELP TO STANDARDISE PRE-TEST RISK EVALUATION OF PATIENTS WITH 

ACUTE ANKLE TRAUMA? 

When evaluating patients with blunt ankle trauma, one of the key issues to be addressed is whether or not the patient 
should be investigated using imaging to confirm or refute the presence of a condition that would change the 
subsequent medical treatment or investigation of the patient. When attempting to make the decision about whether 
or not to use diagnostic imaging, it is important to focus on features of the history and physical exam that have been 
found to be associated with the presence of clinically important acute ankle injury.  

At first, it might seem simpler, quicker, and safer to perform an imaging test on everyone with possible acute ankle 
injury. When the pre-test probability of a condition is not very low, the costs and risks of diagnostic imaging are more 
than outweighed by the considerable benefits of earlier diagnosis of a potentially serious disorder. These benefits can 
include simpler, less invasive treatment or guidance for surgical or medical therapy that prevent severe disability. 

However, there are a number of disadvantages to the practice of referral of patients for imaging without first 
considering what the pre-test probability of a condition is likely to be. They include: 

 Unnecessary exposure to ionising radiation. This is particularly important in babies, children, and adolescents 
who are more sensitive to the carcinogenic effects of exposure to ionising radiation. CT scanning is associated 
with around 100 times the dose of radiation delivered by a plain radiograph (or x-ray). 

 Financial cost to the patient and health system of unnecessary testing.  These costs are both direct and 
indirect (the latter due to waiting time in emergency departments, prolonged length of stay in a hospital, time 
away from work and other responsibilities waiting for imaging to be performed, having it performed, and then 
waiting for the result).  

 Incidental findings on imaging frequently have no clinical significance for the patient but trigger further 
imaging follow up to exclude the very small possibility of something significant. An example of this includes a 
bone island or fibrous cortical defect that may be detected on plain radiography of the leg. The flow on costs to 
the patient and health system and the anxiety produced in some patients by  follow up testing  to prove the 
benign nature of such common lesions may not be considered when imaging is requested in a situation where 
pre-test probability of a condition is very low and imaging likely, therefore, to be unnecessary.  

Continued increases in healthcare costs are a global problem. More than ever before, medical practitioners are being 
asked to be accountable for utilisation of finite health care resources and to add value and reduce waste in the care 
they deliver to patients. Reducing inappropriate use of diagnostic imaging in situations where it is highly unlikely to 
result in a net benefit to the patient is an important way to reduce waste and improve quality of care. 

Clinical decision rules (CDRs) can help you to focus on the aspects of the history and examination that best 
discriminate between: 

 Patients with low-to-no risk of significant pathology who are, therefore, unlikely to benefit from diagnostic 
imaging; and 

 Patients who do not have negligible risk who need imaging to guide further specific treatment including in 
some cases in-hospital monitoring, medical therapy, or even surgery. 

CDRs have been developed by gathering detailed clinical datasets from large numbers of patients with a particular 
condition, such as adults presenting to an emergency department following head trauma. They are comprised of a 
series of key examination findings (such as level of consciousness) and aspects of the history (such as injury 
mechanism, amnesia, or number of episodes of vomiting) that have been found, when absent, to be associated with 
such a low risk (or pre-test probability) of clinically important disease or injury that imaging is not required to further 
reduce this risk.  
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The emphasis of the current educational modules is on CDRs that involve risk assessment of patients with regard to 
their requirement for diagnostic imaging, but CDRs for other outcomes (such as prognosis) have also been developed.   

The usefulness of CDRs is that they help to reduce the subjectivity and inter-observer variation involved in the 
clinical assessment of patients with specific conditions that sometimes, but not always, require imaging. Imaging is 
sometimes performed in these conditions to allow diagnosis of serious pathology. Using CDRs can help to increase 
your confidence about the safety of managing your patient without imaging when recognised clinical risk factors for 
serious pathology are entirely absent. Documentation in the medical record that you have used a high quality CDR to 
evaluate your patient and make management decisions based on this is not only good practice but increases the 
likelihood that another medical practitioner evaluating your patient would come to the same conclusions as you did 
about management. 

Please see the Clinical Decision Rules Module for more information about:  

 what CDRs are;  

 how they are developed; and  

 what the characteristics of a high quality CDR are.  

Resources: 

Something that will become apparent as you work through these modules is the difficulty involved in trying to commit 
the elements of CDR to memory. It is a good idea to refer to an electronic or hard copy of the CDR each time you use it 
to ensure that you are applying it correctly. To support this, the following resources are provided: 

 Printable PDFs of all of the CDRs  

 “Pocket-sized” PDFs suitable for printing, lamination, and attachment to a lanyard. 

 Links to the website www.mdcalc.com where you will find topic specific CDR “calculators” for some of the 
higher performing CDRs featured in these modules. These calculators allow you to enter responses to the 
questions of the CDR, without having to remember the individual elements of the CDR, and then “read” 
whether or not the patient should have imaging based on the outcome of data entry into the CDR calculator. 
Go to the website now and try out the calculator for the Ottawa Ankle Rules CDR: 

o www.mdcalc.com/ottawa-ankle-rules/ 

 For more information about specific imaging tests and procedures please see: 
o www.insideradiology.com.au  

 

  

http://www.mdcalc.com/
http://www.mdcalc.com/ottawa-ankle-rules/
http://www.insideradiology.com.au/
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WHAT ELSE DO YOU NEED TO THINK ABOUT WHEN YOU CONSIDER IMAGING A PATIENT WITH ACUTE BLUNT 

ANKLE TRAUMA APART FROM PRE-TEST RISK? 

1. Test performance - sensitivity, specificity, positive and negative likelihood ratios (LR+ and LR-)  in relation to 
the pathological process(es) you are trying to diagnose or exclude. 

A quick reminder about how these measures of diagnostic test performance are defined: these are derived 

from the 2 X 2 table representing disease state and the results of tests with binary outcomes (i.e. 

normal/abnormal, positive/negative). 

 

 Disease + Disease - Calculations 

Positive test result TP FP PPV = TP / (TP +FP) 

Negative test result FN TN NPV = TN/ (TN + FN) 

Calculations Sens = TP/ (TP + FN) Spec = TN / (TN + FP) 
Accuracy = (TP + TN) / 

(TP + TN + FP + FN) 

Definitions: 

 True positive (TP) = test can correctly detect diseases that is present. 

 False positive (FP) = test does detect disease when it is really absent. 

 False negative (FN) = test does identify someone as being free of disease when it is really present. 

 True negative (TN) = test can correctly identify someone does not have a disease. 

 Sensitivity = proportion of patients WITH disease who are correctly identified by a positive test result. 

 Specificity = proportion of patients WITHOUT disease who are correctly identified by a negative test 

result. 

 LR+ =  
proportion of patients WITH disease who have a positive test result (SENSITIVITY)

proportion of patients WITHOUT disease who have a positive test result (1 – SPECIFICITY)
 

 LR- =
proportion of patients WITH disease who have a negative test result (1 – SENSITIVITY)

proportion of patients WITHOUT disease who have a negative test result (SPECIFICITY)
 

Note: 

 High quality diagnostic tests have LR+ > 10 and LR- <0.1. 

 A LR+ or LR- = 1 is associated with no change in the post-test probability of disease and therefore is 

not diagnostically useful. 

2. What is available locally, especially in an emergency? 

3. Radiation dose – of particular importance in young and pregnant patients and when considering CT scanning 
and nuclear medicine tests. 

4. Financial and other costs to the patient and health system of one diagnostic strategy compared with 
another. 

5. Renal function – in the case of imaging tests that involve the use of iodinated contrast media or gadolinium 
chelates. 

6. Patient preferences – if two diagnostic tests perform  equally well at confirming or excluding the presence of 
a particular condition, patients may have a preference for one over another for reasons of cost, convenience, 
risk, or real/perceived discomfort associated with a particular diagnostic test or diagnostic strategy.  
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2. CLINICAL DECISION RULES 

THE OTTAWA ANKLE RULES 

Summary statement:  
The Ottawa Ankle Rules (OARs)2 aim to determine if a patient presenting with acute ankle or foot trauma pain 
requires radiographs of the foot or ankle. 

The derivation study for the OARs used an adult population as its subjects but extensive validation studies have shown 
that the OARs can be safely applied to both the adult and paediatric populations. Validation studies by Bachmann et 
al3 have found that OARs have an almost 100% sensitivity in many studies in differing clinical settings. Used 
appropriately, they reduce the unnecessary performance of radiographs by 30-40%.  
 
Inclusion criteria 
All patients presenting with acute blunt injuries of the ankle (e.g. twisting injuries, falls from height, direct blows and 
motor vehicle accidents), where ankle was broadly defined to include the area involved in common twisting injuries 
and was subdivided into 2 zones that require assessment by a standard ankle radiographic series (malleolar area) and 
a standard foot radiographic series (the midfoot): 

 The malleolar area: distal 6 cm of tibia, distal 6 cm of fibula, and talus; AND 

 The midfoot: navicular, cuboid, cuneiforms, anterior process of the calcaneus, and the base of the fifth 
metatarsal. The body and tuberosity of the calcaneus were not included in this definition. 

 
Exclusion criteria 

 Age under 18 years old. 

 Pregnancy. 

 Isolated injuries of the skin (superficial lacerations, abrasions or burns). 

 Returning for reassessment of the same ankle injury. 

 Suffered the injury more than ten days earlier. 
 
Note: 
There are 2 tables that can be located in the Appendix (Appendicies Three and Four)that provide more information: 

 Table 1 – Best Bets review (2005) for the performance of the Ottawa Ankle Rules in children.4 

 Table 2 – A systematic review by Bachmann et all (2003) assessing the accuracy of the Ottawa Ankle Rules for 
exclusion of fractures of the ankle and mid-foot including pooled-likelihood ratios.3  
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Algorithm: 

 

FIGURE 1: THE OTTAWA ANKLE RULES
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3. WHAT ELSE DO YOU NEED TO THINK ABOUT, OTHER THAN PRE-TEST PROBABILITY 

OF A CONDITION, WHEN YOU ARE CONSIDERING PERFORMING DIAGNOSTIC IMAGING 

IN A PATIENT WITH BLUNT ANKLE TRAUMA? 

URGENCY: 

If acute ankle or foot injury cannot be excluded through clinical examination, plain radiographs should be performed 
as the first line examination as soon as possible to expedite treatment and advice to the patient regarding the need 
for non-weight bearing and/or surgical treatment. The basic ankle radiograph series includes an anteroposterior (AP), 
lateral, and oblique view and this should include at least the base of the fifth metatarsal. The basic foot radiograph 
series consists of an AP, lateral, and oblique view of the foot. 

RADIATION DOSE: 

A plain radiograph series of the ankle or foot is a very low dose examination. It is safe to perform in pregnant women. 
It is associated with about one eighth of the effective radiation dose of a chest x-ray and 1/100th of the effective dose 
associated with a head CT scan.  

THE OTTAWA ANKLE RULES CANNOT BE APPLIED IN THE FOLLOWING CIRCUMSTANCES: 

 Pregnant women (as pregnancy was an exclusion criterion in the study that derived the OARs).  

 When it is difficult or impossible to elicit accurate responses to questions about localised bone tenderness 
(such as in patients with dementia, communication difficulties, or alteration in conscious state).  

 Patients who are not normally ambulatory (e.g. paraplegia, hemiplegia). The OARs cannot be used to avoid 
plain radiography in the setting of acute post traumatic ankle or foot pain,  even when localised bone 
tenderness is absent, if the ability to walk cannot be assessed. 
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MODALITY TABLE 

  

MODALITY STRENGTHS WEAKNESSES COMMENTS 

Plain radiography  

link to InsideRadiology  - 
http://www.insideradiology
.com.au/pages/view.php?T
_id=24 

 Widely available. 

 Easy to perform even if patient has limited 
mobility, other injuries, or is 
uncooperative. 

 Good for identifying the majority of 
clinically important fractures in the setting 
of acute trauma. 

 Better than MRI for small avulsion 
fractures (e.g. of the malleoli). 

 Other bone lesions (e.g. tumours) that 
have come to attention because of an 
episode of blunt trauma may be shown 
with plain radiographs. 

 Acute avulsion fractures may be indistinguishable 
from pre-existing (remote) avulsion fractures when 
acute soft tissue injury produces swelling around 
the bone fragment. 

 Non-displaced fractures and fractures in very 
demineralised bone may be undetectable with plain 
radiography. CT, MRI, and radionuclide scanning can 
be useful to identify these in patients with 
persistent symptoms and normal plain radiography. 

 Ligamentous and tendon injuries not demonstrated. 
Internal derangement such as osteochondral injury 
not usually detected, unless the lesion is large. 

 First line investigation in the patient 
with acute blunt ankle or foot trauma 
who needs imaging. 

 CT can be useful for surgical planning 
in more complex fractures / 
dislocations demonstrated by plain 
radiographs. 

CT 

link to InsideRadiology - 
http://www.insideradiology
.com.au/pages/view.php?T
_id=61  

 Very sensitive for fracture dislocation 

 Useful for pre surgical treatment planning 
of complex ankle/foot fractures and/or 
dislocations demonstrated by plain 
radiographs. 

 

A routine (non-arthrogram) CT does not depict:  

 normal articular cartilage; 

 chondral injuries; 

 some acute stress fractures. 

Ligament and tendon injuries cannot be accurately 
diagnosed using CT. 

 

http://www.insideradiology.com.au/pages/view.php?T_id=24
http://www.insideradiology.com.au/pages/view.php?T_id=24
http://www.insideradiology.com.au/pages/view.php?T_id=24
http://www.insideradiology.com.au/pages/view.php?T_id=61#.Uj-Vp9JHLhA
http://www.insideradiology.com.au/pages/view.php?T_id=61#.Uj-Vp9JHLhA
http://www.insideradiology.com.au/pages/view.php?T_id=61#.Uj-Vp9JHLhA
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MODALITY STRENGTHS WEAKNESSES COMMENTS 

MRI  

link to InsideRadiology - 
http://www.insideradiolog
y.com.au/pages/view.php
?T_id=53 

 Very sensitive and moderately specific for 
ligamentous and tendon injuries of the 
ankle and foot. 

 Radiographically occult fractures may 
manifest as localised bone marrow oedema 
on MRI. 

 Articular cartilage  and osteochondral 
injuries are depicted by MRI. 

 Duration of the exam (20 minutes) may be difficult 
for patients with confusion, other injuries, or 
difficulties with communication. 

 Metal in or around the ankle may impair 
interpretability of images. 

 MR incompatible pacemakers are a contraindication 
to any type of MRI. 

 Bone marrow oedema in the setting of 
acute trauma does not always indicate 
the presence of a fracture requiring 
treatment – bone contusion 
(trabecular microfracture) also 
produces bone marrow oedema and is 
generally treated symptomatically. 

 Acute ligamentous injuries of the foot 
and ankle are treated symptomatically 
in the first instance so although they 
can be demonstrated with MRI, this 
often will have no bearing on 
immediate management. MRI has 
limited sensitivity in predicting chronic 
instability or impingement. 

Radionuclide bone 
scanning  

link to InsideRadiology - 
http://www.insideradiolog
y.com.au/pages/view.php
?T_id=25 

 Demonstrates increased uptake of 
radionuclide tracer in radiographically 
occult fractures. 

 Increased uptake is non-specific and may be seen in 
infection, neoplasm, and degenerative changes. 
Interpretation of the cause of an abnormality often 
requires correlation with plain radiographs or other 
imaging. 

 Used in the subacute/chronic setting if 
plain radiographs and/or CT are 
negative when pain and/or tenderness 
persist.  

TABLE 1 - IMAGING MODALITIES FOR THE ACUTELY INJURED ANKLE AND FOOT 

http://www.insideradiology.com.au/pages/view.php?T_id=53#.Uj-VvNJHLhA
http://www.insideradiology.com.au/pages/view.php?T_id=53#.Uj-VvNJHLhA
http://www.insideradiology.com.au/pages/view.php?T_id=53#.Uj-VvNJHLhA
http://www.insideradiology.com.au/pages/view.php?T_id=25#.Uj-V39JHLhA
http://www.insideradiology.com.au/pages/view.php?T_id=25#.Uj-V39JHLhA
http://www.insideradiology.com.au/pages/view.php?T_id=25#.Uj-V39JHLhA
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QUESTION 1. 
A 23 year old man is playing hockey and collides with an opponent. He twists his ankle but manages to walk off 
the hockey field to the first aid tent which is 10 metres from the edge of the field, where his ankle is elevated 
and ice is applied. It becomes progressively more swollen over the next hour and when he stands he is unable to 
weight bear. The ankle is particularly painful laterally. He is taken to the local emergency department where he 
waits 2 hours in the waiting room before he is seen by a doctor. Examinations reveals no bony tenderness over 
the navicular, fifth metatarsal base, or lower 6 cms of the bony malleoli, but he is exquisitely tender and swollen 
anterior to the lateral malleolus. He cannot bear weight when he puts his foot on the ground. 
Links to Ottawa Ankle Rules calculator: http://www.mdcalc.com/ottawa-ankle-rules/  
 
PART 1 – What is the BEST CDR for this scenario?  
1.1A. Ottawa Ankle Rules. 
1.1B. The Ottawa Ankle Rules is not valid due to the presence of exclusion criteria. 
 
PART 2 – Would you perform imaging in this patient? 
1.2A. Yes. 
1.2B. No. 

 

CORRECT ANSWERS: 
PART 1 - The BEST CDR for this scenario is: 
1.1A. Ottawa Ankle Rules. 
 
PART 2 - I would perform imaging in this patient: 
1.2B. No. 
FEEDBACK: Remember that the patient needs to be unable to walk at least 4 steps 
both at the time of injury AND when seen in the emergency department for ankle 
radiographs to be indicated if there is NO bony tenderness in the malleolar zones, 
navicular, or fifth metatarsal base. 

 

QUESTION 2: 
An 83 year old female resident of a nursing home is found by one of the nursing staff awake and alert but 
collapsed next to the shower after slipping on the wet floor. She has hit her head on the sink as she fell and has 
bruising on her forehead. Her GCS is 14 and she is disoriented but has known Alzheimer’s disease. She takes 
antiplatelet agents due to a previous carotid endarterectomy and coronary stents. 
You are the ED doctor who is caring for her and you notice her left ankle and foot are bruised laterally. You 
examine her for bony tenderness over the malleoli, navicular, and base of the fifth metatarsal but none is 
present. 
 
PART 1 – Can the Ottawa Ankle Rules be applied in this situation? 
2.1A. Ottawa Ankle Rules should be applied in this patient. 
2.1B. Ottawa Ankle Rules cannot be applied to this patient. 
 
PART 2 – Would you perform imaging in this patient? 
2.2A. Yes. 
2.2B. No. 

 

CORRECT ANSWERS: 
PART 1 - Can the Ottawa Ankle Rules be applied in this situation? 
2.1B. Ottawa Ankle Rules cannot be applied to this patient. 
FEEDBACK: The presence of other injuries and likely unreliability of her responses 
to questions about local bony tenderness preclude their use. 
 
PART 2 - I would perform imaging in this patient: 
2.2A. Yes. 
FEEDBACK: You should perform imaging on this patient as there is evidence of local 
soft tissue injury and the Ottawa Ankle Rules cannot be applied to a patient whose 
responses may be unreliable due to both dementia and possible head injury.  

  

http://www.mdcalc.com/ottawa-ankle-rules/
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QUESTION 3. 

A 53 year old woman presents with a 3 month history of increasing pain across the middle of the foot. She has 
been a regular jogger but has had to reduce the frequency and distance of her jogging due to the pain. She 
recalls tripping over an uneven footpath when jogging at night about 3 months ago and thinks the pain started 
then. On examination there is no tenderness over the medial or lateral malleoli, navicular or fifth metatarsal.  
She walked into your general practice. There is some vague tenderness over the mid foot but no point 
tenderness, swelling or bruising. She has no relevant history except for low bone mineral density in the 
osteoporotic range diagnosed during a routine check-up 3 years ago.  

http://www.mdcalc.com/ottawa-ankle-rules/  

 

PART 1 – What is the BEST clinical decision rule for this scenario? 

3.1A. The OARs.  

3.1B. The OARs are not applicable.  

 

PART 2 – Would you perform imaging in this patient? 

3.2A. Yes.  

3.2B. No.  

 

PART 3 – Which of the following imaging examinations would you perform first? 

3.3A. Plain radiograph.  

3.3B. CT. 

3.3C. MRI. 

3.3D. Radionuclide bone scan. 

 

CORRECT ANSWERS: 

PART 1 – The BEST clinical decision rule for this scenario is 

3.1B. The OARs are not applicable. 

 

PART 2 - Would you perform imaging in this patient? 

3.2A. Yes.  

 

FEEDBACK: An insufficiency fracture of the metatarsals should be excluded.  

 

PART 3 – Which of the following imaging examinations would you perform first? 

3.3A. Plain radiograph. 

 

FEEDBACK: Bone mineral density re-assessment and specific treatment if an 
insufficiency fracture is revealed should be considered. If plain radiography is 
negative, MRI would be the next most useful examination to reveal a 
radiographically occult insufficiency fracture. 

 

http://www.mdcalc.com/ottawa-ankle-rules/
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APPENDIX ONE: EVIDENCE SUMMARY TABLE 
Author 
and date 

Name of 
CDR 

Derivation 
or 
validation 

Inclusion Exclusion Sensitivity 
(95% CI) 

Specificity 
(95% CI) 

LR- 
(95% CI) 

High 
performance* 
(Y/N) 

Hierarch
y** 

Stiell et al 
(1992)2 

Ottawa 
Ankle 
Rules  

Derivation All patients presenting with acute blunt injuries of the 
ankle (e.g. twisting injuries, falls from height, direct blows 
and motor vehicle accidents), where ankle was broadly 
defined to include the area involved in common twisting 
injuries and was subdivided into 2 zones that require 
assessment by a standard ankle radiographic series 
(malleolar area) and a standard foot radiographic series 
(the midfoot): 

• The malleolar area, distal 6 cm of tibia, distal 6 cm of 
fibula, and talus; AND 

• The midfoot, navicular, cuboid, cuneiforms, anterior 
process of the calcaneus, and the base of the fifth 
metatarsal. The body and the tuberosity of the 
calcaneus were not included in this definition 

 Age under 18 years old  
 Pregnancy  

 Isolated injuries of the 
skin (superficial 
lacerations, abrasions or 
burns) 

 Referred from outside 
the hospital with 
radiographs 

 Returning for 
reassessment of the 
same ankle injury 

 Suffered the injury more 
than ten days earlier 

Ankle 
Series: 

100% 

Ankle 
Series: 

40.1% 

Ankle 
Series: 

0% 

Ankle Series: 

Uncertain 

Ankle 
Series: 

I-II 

Foot Series: 

100% 

Foot Series: 

24.7% 

Foot 
Series: 

0% 

Foot Series: 

Uncertain 

Foot 
Series: 

I-II 

*High performance (Y/N) for the derivation study defined as: 

 Sens > 0.95; AND 

 Lower limit of 95%CI for sensitivity >0.95; AND 

 LR-<0.1; AND 

 Upper limit of LR-95% CI < 0.1. 

 Likelihood ratio for negative test result =
proportion of patients WITH disease who have a negative test result (1 – SENSITIVITY)

proportion of patients WITHOUT disease who have a negative test result (SPECIFICITY)
  =   

(1 – SENSITIVITY)

 (SPECIFICITY)
 

**Hierarchy (see reference I. below) 
Level I: can be used in a variety of clinical settings and includes at least one validation study (external) and at least one impact analysis showing favourable change in 

clinician behaviour when the CDR is used/implemented. 
Level II: can be used in various setting with confidence about accuracy (1 prospective validation in heterogeneous population or several smaller ones). 
Level III: use with caution in narrowly defined group of patients (validated in one narrow prospective sample). 
Level IV: CDRs requiring more evaluation before they are implemented (no validation or only validated with statistical techniques or retrospective databases, or 

split samples). 

APPRAISAL TABLE REFERENCES: 

I. McGinn T, Guyatt G, Wyer P, Naylor C, Stiell I, Richardson W. Users' guides to the medical literature: XXII: how to use articles about clinical decision rules. 
Evidence-Based Medicine Working Group. JAMA. 2000; 284(1): 79-84. 

II. Pickering A, Harnan S, Fitzgerald P, Pandor A, Goodacre S. Clinical decision rules for children with minor head injury: A systematic review. Arch Dis Child. 2011; 
96(5): 414-21.
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APPENDIX TWO: OTTAWA ANKLE RULES 
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APPENDIX THREE: BEST BETS REVIEW TABLE 

Author, 
and date  

Patient group Study type (level of evidence) Outcomes Key results Study Weaknesses 

Chande VT, 
1995 

68 patients aged 2-18 
years 

Prospective survey with 24 variables obtained by 
physicians; x-rays were taken of all study participants 
with blinding of investigator as to results of x-rays 
when applying OAR to evaluate for qualification of x-
ray 

Inclusion: 
All types of fractures 
 
Exclusion: 
Open fractures, patients without follow-up 

Sensitivity 100% (95% CI. 77% 
to 100%). Specificity 32% 
(95% CI. 21% to 43%) 

Small sample size 

McBride KL 
1997 

318 adults and 
children (37 of 318 
were children) 
presenting with ankle 
injury to a 
community ED 

Prospective survey looking at the ability of OAR to 
decrease need for x-ray after instructing family 
practitioners in the ER setting on the use of these 
rules 

Inclusion: 
Fracture <3mm 
 
Exclusion: 
Pregnancy, open injury, presentation >1 week 
after injury, enrolment one time per patient 

100% sensitivity (95% 
CI=0.87-1.0). Specificity 28% 
(95% CI=0.14-0.39) 

Small study  

Plint AC et al, 
1999 

670 patients aged 2-
16 years 

Patients were evaluated by staff and fellows trained 
in OAR at two hospital EDs; x-rays were obtained 
based on each hospital's practices. Data forms with 
physical exam findings were filled out prior to 
viewing the x-ray. The principal investigator 
reviewed the data forms and made a decision 
regarding positive or negative OAR 

Inclusion: 
Present with injury within 48 hours, fractures 
≥3mm 
 
Exclusion: 
Salter-Harris I, insignificant fractures defined 
as  

Sensitivity 100% (95% CI = 
0.581.0) Specificity 27% (95% 
CI = 0.110.42) 

119 Salter-Harris I fractures, 32 insignificant fractures 
[*when calculating the 2x2 table, 96 patients were 
counted twice (once for ankle fractures and a second 
time for foot fracture) therefore the N in this study was 
766]. Mid-foot injuries were included in this study 
Inter-rater reliability was not assessed 

Libetta C et al, 
1999 

761 patients aged 1-
15 years 

A historical control group was included prior to the 
implementation of OAR in this prospective 
evaluation as a comparison to predict need for x-ray 

Inclusion: 
Patients that had ability to walk prior to injury 
 
Exclusion: 
Patients were excluded in August in order to 
give the staff one month to learn and 
implement the Ottawa Ankle Rules 

Sensitivity 98% (95% CI = 
0.951.0) Specificity 46% (95% 
CI = 0.430.51) 

 

Karpas et al, 
2002 

190 patients 
evaluated ages 5 - 19 
years 

Blinded cross-sectional study that implemented OAR 
after two nurse training sessions 

Inclusion: 
Patients who presented within 48 hours of 
injury and all fractures 
 
Exclusion: 
Open fracture, multiple traumas, 
developmental delay, referral with x-ray, 
recurrent visits for the same injury in the last 2 
weeks 

Sensitivity 96% (95% CI = 
0.820.99) Specificity 27% 
(95% CI = 0.180.32) 

Study included one patient with Salter-Harris I and 
negative rules 
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Author, 
and date  

Patient group Study type (level of evidence) Outcomes Key results Study Weaknesses 

Cuello-Garcia 
et al, 
2004 

111 patients 
evaluated aged >18 
years 

Prospective evaluation by paediatric nurses, third 
year residents, and attendings in the ED. OAR was 
applied, and x-rays obtained at physician discretion. 
Radiology was blinded to OAR results 

Inclusion: 
Salter-Harris I-IV 

Exclusion: 
Multiple trauma, >7 days from event, changes 
in consciousness, bony disease, patients who 
came for re-evaluation, Salter-Harris I 
fractures 

Sensitivity 100% (95% CI = 
0.951.0) Specificity 6% (95% 
CI = 0.010.11) 

Salter-Harris I fractures were not included; there were 
18 of these total. Patients were followed up at one 
month with telephone calls, and none of the patients 
showed later complications or changes in the diagnosis 

Clarke and 
Tanner, 
2003 

160 patients 
evaluated ages <18 
years old 

Prospective survey with 22 variables; x-rays were 
obtained on all patients with radiologists being 
blinded to survey results 

Inclusion: 
All types of fractures 

Exclusion: 
Age >18, intoxication, previous films, 
pregnancy, suspected physical abuse, open 
fractures, OI, metabolic disease, patients 
without phone contact, neurologic impairment 

Sensitivity 83% (95% CI = 
0.650.94) Specificity 50% 
(95% CI = 0.410.58) 

 

Boutis et al, 
2001 

607 patients 
evaluated ages 3 -16 
years old 

Blinded prospective study in 2 similar urban 
emergency departments with fellows and attending 
staff as participants. Instruction on the use of OAR 
was given by orthopaedic surgeons prior to start of 
study 

Inclusion: 
Isolated ankle trauma within 72 hours of injury 

Exclusion: 
Age 16 years or more, pre-existing 
musculoskeletal disease, coagulopathy, 
developmental delay, previous history of 
surgery within 3 months of injury on affected 
ankle or multi-system trauma 

Sensitivity 100%(95% CI = 
0.961.0) Specificity 13%(95% 
CI = 0.110.16) 

Patients were divided into low risk and high risk 
groups. Low risk consisted of isolated pain, tenderness, 
or both with or without oedema or ecchymosis of the 
distal fibula below the level of the joint line of the 
ankle. All other findings were classified as high risk. 
They also assessed the potential for reduction in 
radiographs when comparing the low risk clinical 
findings with those obtained by combining the Ottawa 
Ankle Rules 

TABLE 2 - BEST BETS REVIEW (2005) FOR THE PERFORMANCE OF THE OTTAWA ANKLE RULES ON CHILDREN 4 
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APPENDIX FOUR: DESCRIPTION OF 27 STUDIES ON DIAGNOSTIC ACCURACY OF THE 

OTTAWA ANKLE RULES 
Study No. of 

patients 

Specification Prospective 

data 
collection 

Exclusion 

of patients 
<18 years 

Mean 

age 

Consecutive 

enrolment 

Blinding of 

radiologist 

Radiography 

in all patients 

Ankle assessment 

Aginaga 
et al 1999 

463 Doctors applied OARs in adults in 
regional hospital in Spain 

Yes Yes 37.1 Not Reported Yes No 

Auleley et 
al 1998 

130 Compared radiography request 
rates between senior house 
officers and nurse practitioners 
using OARs in adults in university 
hospital in France 

Yes Yes 34 Yes Yes No 

Kerr et al 
1994 

350 OARs applied in convenience 
(not otherwise specified; easy to 
approach) sample of adults in 
four hospitals (two university, 
one community, and one 
provincial) in New Zealand. 
Midfoot injuries not assessed 

Yes Not 
reported 

Not 
Reported 

No Not 
Reported 

No 

Lucchesi 
et al 

1995 

422 OARs in convenience sample of 
adults in suburban community 
teaching trauma centre in United 
States 

Yes Yes 35 Yes Yes No 

Mann et 
al 1998 

700 Compared radiography request 
rates between senior house 
officers and nurse practitioners 
applying OARs in patients 
enrolled within 48 hours after 
injury to large accident and 
emergency department in United 
Kingdom. No midfoot 
assessment 

Yes No Not 
Reported 

Not Reported Not 
Reported 

Yes 

Papacosta
s et al 

2001 

79 OARs in athletes and people 
engaged in sport at least three 
times a week, injured during 
sports activities attending district 
general hospital and sports 
injuries clinic in Greece 

Yes Yes 29 Not Reported Yes Yes 

Perry et al 
1999 

577 OARs assessed in urban teaching 
hospital in United Kingdom. No 
midfoot assessment 

Yes Yes Not 
Reported 

No Yes Yes 

SinghRan
ger and 

Marathias 
1999 

18 Compared conventional ordering 
of radiography to use of OARs in 
district general hospital in United 
Kingdom. No midfoot 
assessment reported 

Yes No Not 
Reported 

Yes Not 
Reported 

Yes 

Stiell et al 
1992 

689 Development of OARs in two 
university hospital emergency 
departments in Canada 

Yes Yes 35.1 Not Reported Yes No 

Stiell et al 
1993 

1032 OARs applied in adults attending 
one of two university hospital 
emergency departments in 
Canada. Refinement of 1992 
rules 

Yes Yes 35 Not Reported Yes No 

Stiell et al 
1993 

453 OARs applied in adults attending 
one of two university hospital 
emergency departments in 
Canada. Validation of refined 
rules 

Yes Yes 36 Not Reported Yes No 
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Stiell et al 
1994 

565 Implementation study of OARs 
using refined 1993 OARs. OARs 
applied on adults attending 
university hospital in Canada 

Yes Yes 36 Yes Yes No 

Yuen et al 
2001 

467 OARs applied in Chinese 
population of district hospital of 
Hong Kong 

Yes No 37 Yes Yes Yes 

Foot assessment 

Aginaga 
et al 1999 

197 Doctors applied OARs on adults 
in regional hospital in Spain 

Yes Yes 37.1 Not Reported Yes No 

Auleley et 
al 1998 

130 Compared radiography request 
rates between senior house 
officers and nurse practitioners 
using OARs 

Yes Yes 34 Yes 0 No 

Lucchesi 
et al 

1995 

150 OARs applied on convenience 
sample of adults of suburban 
community teaching trauma 
centre in United States 

Yes Yes 35 Yes Yes No 

Papacosta
s et al 
2001 

43 OARs in athletes and people 
engaged in sport at least three 
times a week, injured during 
sports activities attending district 
general hospital and sports 
injuries clinic in Greece 

Yes Yes 29 Not Reported Yes Yes 

Stiell et al 
1992 

689 Development of OARs in two 
university hospital emergency 
departments in Canada 

Yes Yes 35.1 Not Reported Yes No 

Stiell et al 
1993 

1032 OARs applied in adults attending 
one of two university hospital 
emergency departments in 
Canada. Refinement of 1992 
rules 

Yes Yes 35 Not Reported Yes No 

Stiell et al 
1993 

453 OARs applied in adults attending 
one of two university hospital 
emergency departments in 
Canada. Validation of refined 
rules 

Yes Yes 36 Not Reported Yes No 

Stiell et al 
1994 

565 Implementation study of OARs 
using refined 1993 OARs. OARs 
applied on adults attending 
university hospital in Canada 

Yes Yes 36 Yes Yes No 

Yuen et al 
2001 

467 OARs applied in Chinese 
population of district hospital in 
Hong Kong 

Yes No 37 Yes Yes Yes 

Combined assessment 

Chandra 
and 
Schafmay
er 

2001 

397 OARs applied in adults attending 
city hospital in Germany 

Yes Yes Not 
reported 

No Not 
reported 

Yes 

Garces et 
al 2001 

494 OARs in two community 
hospitals in Spain 

Yes Yes 35.6 Not reported Not 
reported 

Yes 

Glas et al 
2002 

647 Compared OARs and Leiden 
ankle rule assessed in adults of 
midsized teaching hospital in 
Netherlands. 

Yes Yes 35 Yes Yes Yes 

Keogh et 
al 1998 

262 Compared current local 
guidelines with OARs in patients 
>16 years attending teaching 
hospital in United Kingdom 

Yes No 32 Yes Yes No 
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Leddy et 
al 1998 

78 OARs applied in patients >12 
years, attending university based 
community sports medical centre 
in the United States 

Yes No 23.4 Yes Yes No 

McBride 
1997 

259 OARs applied in adults attending 
common practice with family 
doctors in community hospital in 
Canada 

Yes No 30.9 No Not 
reported 

Yes 

Pigman et 
al 1994 

71 OARs used by attending doctors 
and triage nurses at community 
and university hospital in United 
States 

Yes No 35 Yes Yes No 

Salt and 
Clancy 

1997 

324 OARs used by triage nurses at 
university hospital in United 
Kingdom. Radiography 
performed on discretion of 
treating doctor 

Yes Yes Not 
reported 

Yes Not 
reported 

No 

Tay et al 
1999 

488 OARs in Asian population 
(Chinese, Malay, and Indian) 
attending large teaching hospital 
in Singapore 

Yes No Not 
reported 

Yes No Yes 

Verma et 
al 1996 

911 OARs applied in adults attending 
level 1 trauma centre in 
Cincinnati, United States 

Yes Yes Not 
reported 

Not reported No No 

Children 

Boutis et 
al 2001 

607 Clinical examination compared 
with OARs to identify high risk 
diagnoses in children attending 
one of two urban, university 
affiliated paediatric emergency 
departments in Canada 

Yes No 

 

 

12.5 No Yes Yes 

Chande 
1995 

68 OAR applied in children enrolled 
within 48 hours after injury at 
University Hospital of Cleveland, 
United States 

Yes No 

 

12 Yes Yes No 

Karpas et 
al 2002 

186 Paediatric emergency 
department nurses applying 
OARs within 48 hours after injury 
in children attending tertiary care 
facility in United States 

Yes No 

 

13 No Yes Yes 

Libetta et 
al 1999 

761 OARs applied in children >1 year 
old, attending large teaching 
hospital in United Kingdom 

Yes No 

 

11 Not reported Not 
reported 

No 

McBride 
1997 

37 OARs applied in children 
attending common practice with 
family doctors in community 
hospital in Canada 

Yes No 

 

13.2 No Not 
reported 

Yes 

Plint et al 
1999 

559 OARs applied in children 
attending one of two specialist 
tertiary care units in Canada 
within 48 hours after injury. 
Ankle assessment 

Yes No 

 

12.6 Not reported Yes Yes 

Plint et al 
1999 

205 OARs applied in children 
attending one of two specialist 
tertiary care units in Canada 
within 48 hours after injury. Foot 
assessment 

Yes No 

 

12.6 Not reported Yes Yes 

TABLE 3 - A SYSTEMATIC REVIEW BY BACHMANN ET AL (2003) ASSESSING THE ACCURACY OF THE OTTAWA ANKLE RULES FOR 
EXCLUSION OF FRACTURES OF THE ANKLE AND MID-FOOT3
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Category Sensitivity (95% CI) Median specificity (interquartile range) 

All studies (n=39) 97.6 (96.4 to 98.9) 31.5 (23.844.4) 

Type of assessment: 

Ankle (n=15) 98.0 (96.3 to 99.3) 39.8 (27.947.7) 

Foot (n=10) 99.0 (97.3 to 100) 37.8 (24.770.1) 

Combined (n=14) 96.4 (93.8 to 98.6) 26.3 (19.434.3) 

Population: 

Children (n=7) 99.3 (98.3 to 100) 26.7 (23.835.6) 

Adults (n=32) 97.3 (95.7 to 98.6) 36.6 (22.346.1) 

Prevalence of fracture: 

<25th centile (n=7) 99.0 (98.3 to 100) 47.9 (42.377.1) 

25th75th centile (n=22) 97.7 (95.9 to 99.0) 30.1 (23.840.1) 

>75th centile (n=10) 96.7 (94.2 to 99.2) 27.3 (15.540.0) 

Time to referral (hours): 

<48 (n=5) 99.6 (98.2 to 100) 27.9 (24.731.5) 

>48 (n=34) 97.3 (95.9 to 98.5) 36.6 (19.946.8) 

TABLE 4: POOLED LIKELIHOOD RATIOS (RANDOM EFFECTS) FOR NEGATIVE RESULT USING OTTAWA ANKLE RULES IN 27 STUDIES 
(39 2×2 TABLES) ON ACCURACY OF THE INSTRUMENT IN DIAGNOSING ANKLE FRACTURES. PROBABILITIES OF FRACTURE AFTER 
NEGATIVE TESTING ARE CALCULATED ASSUMING 15% PREVALENCE OF FRACTURE3 

 


