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Abstract: 
Introduction: The incidence of acute ankle and mid-foot injuries are one of the 
most common reasons for presenting to emergency department and 
orthopedics outpatient departments, but only a small percentage of patients 
approximately 14% have clinically significant fractures. However, these patients 
are almost always sent for radiography. The Ottawa ankle rules have been 
designed to reduce the number of unnecessary radiographs ordered for patients 
with acute ankle and midfoot injuries. Accuracy of “Ottawa ankle rules” for 
predicting fractures in patients with acute ankle and midfoot injuries and to 
assess the potential of these tests to reduce unnecessary x-rays. 
 
 
Materials and methods: Study was conducted in the emergency department 
and department of orthopedics and traumatology in Madhesh institute of health 
sciences from April 2023 to April 2024. In this period 100 patients were included 
in this study, 50 patients in ankle and 50 patients in midfoot group. Outcome 
measures of this study were sensitivity, specificity, positive predictive value and 
negative predictive value of the Ottawa ankle rules. 
 
Results: Sensitivity of the Ottawa ankle rules for predicting fractures was 100% 
for each two group (ankle and midfoot group), and 100% for combined ankle 
and midfoot group. Specificity of the Ottawa ankle rules for predicting fracture 
was 0.26(26%) for combined ankle and midfoot group, 0.24(24%) for ankle 
group and 29.27% for the midfoot group. The potential of Ottawa ankle rules to 
reduce unnecessary radiographs was calculated 23%. 
 
Conclusions: Ottawa ankle rules are very accurate and highly sensitive tools for 
detecting fractures in acute ankle and midfoot injuries. Implementation of 
these rules would lead to significant reduction of radiographs, costs of 
treatment, radiation exposure and waiting time of patients in hospital. 
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INTRODUCTION 

Ankle injuries are one of the commonest sports injuries 
and extremity complaints presenting to the emergency 
department [1]. Although generally benign, 20% or 
more of these injuries may have prolonged morbidity. It 
is thus incumbent on the emergency physician to 
diagnose accurately and treat appropriately those 
present with ankle injuries [2]. Nearly less than 15% of 
patient with blunt ankle injuries have significant 
fracture [3-7]. Traditionally physicians order 
radiography for virtually all ankle injuries and typically 
85% of these examinations are negative for fracture [8-
10]. The ankle radiographic series, along with cervical 
spine series, is one of the two most commonly ordered 
musculoskeletal radiology examinations in emergency 
departments [11]. So low-cost, high-volume tests, such 
as plane radiography, may contribute as much to rising 
health care cost as high technology, low volume 
procedure [12]. In Nepal there is no data pertaining to  
the amount of money spent in negative ankle 
radiography whereas  University of Ottawa (Canada) 
estimated that US $500 million is spent annually on 
ankle radiographs in north America and suggested that 
some of the spent in negative radiographs could better 
used elsewhere in health care systems[10]. 
In the past there were no widely accepted guidelines to 
help physician to be more selective on their use of ankle 
radiography [3]. To address this clinical problem, Stiell 
IG et al conducted a multiphase project to develop and 
test decision rules for the use of radiography in acute 
ankle injuries [13]. In the 1st phase[14] they developed 
Ottawa ankle rules(OARs) by assessing 750 adult ankle 
injury patients prospectively for 32 clinical findings .One 
hundred of these patient were examined by two 
physicians to determine the reliability of findings by 
kappa analysis [15]. Rules were then derived by 
recursive partioning multivariate analysis. In the second 
phase [16], they refined and prospectively validated the 
rules in another 1485 patients. They demonstrated 
sensitivities of 100% for detecting clinically significant 
fractures for both malleolar and midfoot region and the 
potential for reducing use of radiography by 30% 
without missing clinically significant fractures. Fracture 
fragment 3mm or less (avulsion injuries) is treated no 
differently than severe sprains that is aggressive “RICE” 
(rest, ice, compression, elevation) regimen [14-16].  
Ankle is broadly defined to include the area usually 
involved in common twisting injuries and is subdivided 
into malleolar and mid foot zones. These zones 
correspond to areas that generally require assessment 
by a standard ankle radiography series (malleoalar 
zone) or foot radiography series (midfoot zone). 
Malleolar zone include distal 6 cm of tibia and fibula and 
talus and midfoot zone include navicular, cuboid, 
cuniforms, anterior process of calcaneus and base of  

 
 

fifth metatarsal. The body and the tuberosities of 
calcaneus were not included in this definition [14-17]. 
Since 1993, Ottawa ankle rules are validated in various 
countries including France, Span, Poland, Hong Kong, 
Greece, Netherlands, New Zealand, Iran, Australia,the 
USA, Italy, and the UK [18-29]. They are also validated 
in different medical set-ups. They are also validated 
among special groups of populations like children’s, 
armies and athletes [18-36]. However studies 
conducted in New Zeeland and Singapore concluded 
that Ottawa ankle rules were unacceptable in their 
populations due a high false-negative rate [37,38]. 
Though exact prevalence of ankle injuries is not 
available for our setup, yet ankle and midfoot injuries 
are common, mainly twisting ankle injuries. We are 
sending all cases for radiography and yield of 
radiography is very low. Till date we are not using any 
guidelines for screening such injuries. In view of the 

high prevalence of ankle injuries, the long waiting times 
in emergency departments for patients without severe 
trauma and  low yield of x-ray, it was decided to carry 
out this study which would evaluate the accuracy 
Ottawa ankle rules  in excluding (predicting) fractures of 
the ankle and mid foot region  in our setup and  would 
set a guideline for the need of x-ray for appropriate 
cases only there by  help to reduce the cost of 
treatment , waiting time of patients , work load on  
radiology department and radiation hazards for both 
patients and radiology staff. Thus this study evaluate 
the accuracy of “Ottawa ankle rules” for predicting 
fractures in acute ankle and mid foot injuries. 

 

METHOD AND MATERIALS 
Study design and setting  
This is a prospective, observational study. It was 
conducted in Madhesh institute of health sciences from 
April 2023 to April 2024.  
 

 
Figure 1| Ottawa ankle rules for use of radiography. 
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Participant, sample size and procedure 
Acute ankle and mid-foot injuries (twisting injury, injury 
due to fall from height.  All adult patients coming to this 
institute with complaints of ankle and mid-foot pain 
secondary to closed direct blow, due to road traffic 
accident) were include in this study. Patient less than 18 
years of age, patients with isolated injuries of skin, 
referred from outside hospital with radiography, injuries 
more than 10 days old, unconscious patient, patient 
with previously symptomatic ankle, intoxicated patient, 
insensate leg, multiple injuries, open fractures, 
evidence of neurovascular compromise, patients with 
obvious ankle and foot deformities, pregnant women, 
and patients who do not gave consent were excluded 
from the study. Convenience sampling was used to 
select the patients. Due to limitation of time duration of 
study participants selected was 100 as more number of 
patients was not be possible reach. Out of 100 patients, 
50 patients were in ankle group and 50 patients in foot 
group. 
Patients of acute ankle and mid foot injuries fulfilling 
inclusion criteria were included in this study after taking 
informed written consent. Cases were evaluated using 
Ottawa ankle rules. Intensity pain was assessed by using 
verbal rating scale. History was taken regarding inability 
to bear weight immediately after injury. Tenderness 
was evaluated first over the areas mentioned above 
after that weight bearing ability was assessed. Weight 
bearing was described as the ability to transfer weight 
twice onto each leg (a total of four steps) regardless of 
limping or discomfort. Clinical diagnosis was reached 
and recorded in Proforma. Radiograph was made only 
after clinical diagnosis was made for both Ottawa ankle 
rules negative and Ottawa ankle rules positive cases.  X-
ray order for ankle was AP, LAT and mortise view. For 
foot AP, LAT and oblique view was ordered. The x-ray 
were evaluate, fracture fragment more than 3mm 
breadth were considered as clinically significant 
fracture and record in Proforma. Patient was followed 
up in 5 days and 10 days. 
For data collection proforma was designed which is 
attached to page.  All information’s regarding patient 
e.g. age, sex, date, time since injury, mechanism of 
injury, swelling, presence of ecchymosis, tenderness, 
inability to bear weight, result of Ottawa ankle rules and 
x-ray findings were entered in Proforma by orthopedics 
faculty involved in evaluating the patient and proforma 
was collect same or next day.  
 

Definition of outcomes  
Ottawa ankle rules positive for ankle group: 
Patient in ankle group was considered as Ottawa ankle 
rule positive if there were pain near the malleoli and 
either inability to weight-bear immediately after the 
injury and to take four steps in the Emergency 
department, OPD or bony tenderness at the posterior  
 

 
edge of the distal 6 cm or at the tip of either the lateral 
or medial malleolus. 
Ottawa ankle rule negative for ankle group 
Patient in ankle group was considered as Ottawa ankle 
rule negative if there were pain near the malleoli but 
neither fulfilling the weight bearing criteria (were able 
to bear weight either immediately after the injury or 
able to take four steps in the Emergency department or 
able to bear weight at both places immediately after 
injury and in Emergency department) nor there were 
bony tenderness at the posterior edge of the distal 6 cm 
or at the tip of either the lateral or medial malleolus. 
 

Ottawa ankle rules positive for midfoot group 
 Patients in foot group was considered Ottawa ankle 
rule positive if there were pain in the midfoot zone and 
either inability to weight bear immediately after the 
injury and inability to take four steps in the Emergency 
department or bony tenderness over the navicular or 
the base of the fifth metatarsal.  
 

Ottawa ankle rule negative for midfoot group 
Patients in foot group was considered Ottawa ankle rule 
negative if there were pain in the midfoot zone but not 
fulfilling weight bearing criteria (were able to bear 
weight either immediately after the injury or able to 
take four steps in the Emergency department or able to 
bear weight at both places immediately after injury and 
in Emergency department) nor there were bony 
tenderness over the navicular or the base of the fifth 
metatarsal.    
  

X-ray positive (clinically significant fractures) 
 X-ray with fracture fragment more than 3mm breadth 
was considered as a positive radiological outcome or 
clinically significant fracture 
 

X-ray negative (no fractures or clinically insignificant 
fracture) 
X-ray with no fracture or fracture fragment measuring 
3mm or less as considered as a negative radiological 
outcome or clinically insignificant fracture. 
 

Statistical analysis and data management  
All data were entered and analyzed using SPSS version 
16. Patients were divided into two groups Ottawa ankle 
rule positive and Ottawa ankle rule negative groups. 
After x-ray evaluation they were further divide into four 
groups true and false positive, true and false negative 
and 2 by 2 tables were prepared. Outcome of Ottawa 
ankle rules were analyzed by calculating sensitivity, 
specificity, positive and negative predictive values and 
percentage of x-ray that could be saved by application 
of Ottawa ankle rules. All these above-mentioned 
parameters were calculated separately for ankle and 
mid-foot groups and for combined ankle and midfoot 
groups. 
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Clinical variables were assessed for association with 
significant fractures in the ankle and foot radiographic 
series, separately, by the Pearson chi square test. 
Amount of x-rays that can be reduce when Ottawa ankle 
rule was applied was calculated. 
 

Ethical Consideration  
For the purpose of the study, ethical approval was 
obtained. Permission from the patients of the hospital 
was also obtained. 
 

RESULTS 
Patient characteristics 
Hundred eligible patients with acute ankle and midfoot 
injuries were included in this study. Fifty patients were 
included in ankle group and fifty patients were included 
in midfoot group. All patients underwent x-ray 
evaluation, giving 100 % radiography rate.  Mean age 
was 33.66 hours and 31.74 yrs in ankle and midfoot 
groups respectively. Female preponderance was seen in 
ankle group, male in midfoot group. Mean time of 
arrival to hospital (time since injury) was 24 hours in 
ankle group and 31.74 hours in midfoot group. Right 
sided was more affected in ankle and left sided midfoot 
groups. Some amount of swelling was present in all 
patients both in ankle and midfoot groups. Ecchymosis 
was present in 11 cases in ankle group and 3 cases 
ecchymosis in midfoot group. Twisting mechanism was 
the commonest cause of ankle and midfoot injuries. 
Among 50 patients in ankle group 39 patients were 

diagnosed as OARs positive. Among 50 patients in 
midfoot group 38 patients were diagnosed as Ottawa 
ankle rules positive. Five (10%) patients had clinically 
significant fracture in ankle group. Nine (18%) patients 
had clinically significant fractures in midfoot group that 
was relatively higher in comparison to ankle group 
(Table 1).  
 
Fracture pattern 
In this study total 14 fractures were detected by x-ray 
evaluation. 14 clinically significant fractures (including 
both ankle and midfoot groups) were detected. Five 
clinically significant fractures (5%) were detected in 
ankle groups. Nine clinically significant fractures (18%) 
were detected in midfoot groups (Table 2). 

Table 1|Patient characteristics 

Patient characteristics    Ankle group Foot group 
Total no. of cases 50 50 

Age(mean) 33.66(SD 13.113) 31.74(SD 10.156) 

Sex(male/female) 16/34 20/30 

Time since injury Mean:24 hrs 
Range:1 hrs to 220 hrs 

Mean:31.44 hrs 
Range:1 hrs to 190 hrs 

Side affected(R/L) 27/23 24/26 

Swelling Mild:29 
Moderate:21 

Mild:37 
Moderate:13 

Ecchymosis present in 11 cases (22%) 3 cases (6%) 

Mechanism of injury Twisting 39(78%) 
Fall from height 8(16%) 
RTA 2(4%) 
Direct blow 1(2%) 

Twisting 42(84%) 
Fall from height 0 case 
RTA  0 case 
Direct blow 8(16%) 

Inability to bear weight among OARs 
positive cases 

After injury:1 case 
In ER:7 cases 
At both place:16 cases 

After injury:4 cases 
In ER:0 case 
At both place:5 cases 

Inability to bear weight among OARs 
negative cases 

After injury, ER and both places 0 case After injury 3 cases 

Tenderness present Total 38 cases 
At tip of malleolus 14 cases. 
(Lateral side 13 cases and both sides 1 case.) 
At posterior edge 24 cases 
(Lateral side 20 cases, medial side 2 cases and both 
side 2 cases.) 

Total  36 cases 
At the base of 5th metatarsal 
30 cases. 
At navicular 6 cases. 

OARs positive cases 39 38 

Clinically significant fractures 5(10%) 9(18%) 

Table 2| Fracture pattern among patients 

Total no. of fracture cases 14 cases 

Significant fracture(>3mm) 14 cases 

Insignificant fracture(<3mm) 0 case 

Lateral malleolus fracture 4 

Medial malleolus fracture 1 

Base of 5th metatarsal fracture 8 

Navicular fracture 1 
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Outcome of Ottawa ankle rules  
Ottawa Ankle Rules in ankle group, mid-foot group and 
overall group shown in Table 3. On clinical examination 
out of 50 patients. In ankle group, 39 patients were 
positive for Ottawa ankle rules in which only 5 had 
clinically significant fracture as shown by x-ray. Out of 
11 Ottawa ankle rules negative cases none had clinically 
significant fracture. Similarly, on clinical examination 38 
patients were positive according to Ottawa ankle rules 
in foot group. On x-ray examination out of 38 Ottawa 
ankle rules positive cases only 9 patients had clinically 
significant fracture (> 3mm in breadth). On clinical 
diagnosis 12 patients were Ottawa ankle rules negative 
and on x-ray examination none of them had clinically 
significant fracture. Among all 100 patients, 77 patients 
were diagnosed as Ottawa ankle rules positive in which 
14 had clinically significant fracture whereas out of 100 
patients, 23 patients were diagnosed as Ottawa ankle 
rules negative among these 23 patients none had 
clinically significant fracture. 
 

Performance of Ottawa ankle rules in ankle group, 
mid-foot group and combined group 
In ankle group sensitivity Ottawa ankle rules was 
1(100%), specificity, positive predictive value, negative 
predictive value was 0.24(24%), 0.12(12%) and 1(100%) 
respectively. There were no false negative cases. X-ray 
that could be saved were calculated to be 22%. In mid-
foot group, sensitivity for Ottawa ankle rules were 
1(100%), specificity 29.27%, positive predictive value, 
negative predictive value were 23.68% and 1(100%) 
respectively. There were no false negative cases X-ray 
that could be saved were calculated to be 24%. Further, 
Overall sensitivity of Ottawa ankle rules was 1 (100%), 
specificity, positive predictive value, negative predictive 
value were 0.26(26.74%), 0.18(18.18%), and 1(100%) 
respectively. There were no false negative cases. X-ray 
that could be saved were calculated to be 23% (Table 4) 
 

Association of different variables with significant 
fracture group in ankle group: 
In the ankle group Swelling, inability to bear weight, 
tenderness (either tip or posterior edge) and 
tenderness at posterior edge were found to be 
associated with clinically significant fracture with p 
value <0.05 (Table 5). 
 

 
Association of different variables with significant 
fracture group in midfoot group 
Individual clinical variables were assessed for 
association with significant fracture group by the 
Pearson chi square test with 1df. In midfoot group 
inability to bear weight at both places and tenderness 
were associated with clinically significant fracture with 
p values <0.05 (Table 6). 
 

DISCUSSIONS 
Several studies have been performed since 1981 to 
develop clinical decision-making rules regarding need of 
radiological evaluation in patients with acute ankle and 
mid-foot injuries [5,7,9,13,18-38]. The Ottawa ankle 
rules were designed, reviewed and validated by its 
Canadian inventors, and used in various clinical settings. 
Their simplicity in application and memorization has 
made them a very powerful tool to decrease radiology 
department referrals and to save cost and time. In 
addition, these rules have been successfully and 
favorably validated in France, Span, Poland, Hong Kong, 
Greece, Netherlands, New Zealand, Iran, Australia, the 
USA, Italy, and the UK [18-29]. Without evaluation, 
however, even well-defined decision-making rules are 
not suitable for application in all clinical settings due to 
difference in patient characteristics, different clinical 
settings and difference in behavior of treating 
physicians. Moreover, some study results [37,38] have 
rejected the generalizability of the Ottawa ankle rules, 
although these studies had considerable 
methodological errors or did not use real Ottawa ankle  

Table 3 |Outcome of OAR in ankle group, mid-foot group and combined group 

Ottawa Ankle 
Rules (OAR) 

Ankle group Mid-foot group Combined Group 

Total no. 
of cases 

X-ray 
positive 

cases 

X-ray 
negative 

cases 

Total no. 
of cases 

X-ray 
positive 

cases 

X-ray 
negative 

cases 

Total no. of 
cases 

X-ray 
positive 

cases 

X-ray 
negative 

cases 

Positive cases 39 5 34 38 9 29 77 14 63 
Negative cases 11 0 11 12 0 12 23 0 23 
Total no of 
cases 

50 5 45 50 9 41 100 14 86 

Table 4| Performance of OARs in ankle group mid-foot 
group and combined group 

Performance of OAR Ankle 
group 

Mid-foot 
group 

Combined 
group 

Sensitivity 1(100%) 1(100%) 100% 

Specificity 0.24(24%) 29.27% 26.74% 

Positive predictive 
value 

0.12(12%) 23.68% 18.18% 

Negative predictive 
value 

1(100%) 100% 1(100%) 

X-ray that could be 
saved 

22% 24% 23% 
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 rules [16]. Therefore, considering the differences in 
patient characteristics, clinical set-up and also in 
physicians' behavior, evaluation of the Ottawa ankle 
rules was considered in this study. In this study total 100 
patients were included, 50 patients in ankle group and 
50 patients in mid-foot group. All patients underwent 
radiological evaluation. Giving 100% radiography rate. 
Patients those were 18 years of age or above were 
included in this study. Patients less than 18yrs of age 
were not included in this study. Because this study was 
evaluating the refined Ottawa ankle rules developed by 
Stiell et al[16] , they validated this rule for adult patients 
only (>18 years of age or above). Another reason for not 
including patients those were less than 18yrs of age was 
fracture pattern, in this age group there may be 
displaced epiphyseal injury that may not be visible in x-
ray and according to Ottawa ankle rule they will be 
classified as clinically insignificant fracture but they 
require treatment in the form of cast immobilization.   
Patients mean age was 33.33yrs in ankle and 31.74yrs 
in midfoot group. In ankle group 54% of patients and in 
midfoot group 54% of patients were 18 to 30 yrs of age.   
Prevalence of ankle and midfoot injuries were highest 

in this age group (18 to 30 yrs). People of this age group 
(18 to 30 yrs) are more active and they are involved 
more in sports activity this may be the probable reason 
for highest prevalence of ankle and midfoot injuries in 
this age group. In study by Yazdani et al in Iran[25], they 
found most patients were less than 30 yrs of age. In 
present study prevalence of ankle and midfoot injuries 
were least common in patients above 60 yrs of age. 
People from this age group are relatively less active 
than younger age group, probable this may be the 
reason for lowest prevalence of ankle and midfoot 
injuries among patients above 60 yrs of age. 
In this study in ankle and midfoot injuries were more 
common in females. Maximum number of patients 
were from urban area. There is trend to put high heel 
wear among urban ladies that might have predisposed 
them for ankle injury and probably this may be the 
reason females had injured their ankle more than 
males. 
Patients those who presented 10 days after injury were 
not included in this study. Because this study was 
evaluating only acute ankle and midfoot injuries and 
this was one of the exclusion criteria in original study 

Table 6| Significant of clinical variables among fracture and no fracture group in mid-foot group. 

 Fracture group No fracture group P-value 
Total no. of cases 9 41  
Age(years, mean +SD) 35.67±9.38 30.88±10.22 NS 
Male: Female ratio 3:6 17:24 NS 
Time since injury mean 47hrs 28.02hrs NS 
Side(R/L) 5:4 19:22 NS 
Swelling grade Mild 8 cases 

Moderate1 case 
Mild 29 cases 
Moderate12 case 

NS 

Ecchymosis Present 2  Present1  
Mechanism of injury Twisting 8 cases 

Direct blow 1 case 
Twisting 34 cases 
Direct blow 7 case 

NS 

Inability to bear weight After injury 3 case 
In ER 3 cases 
At both places 3 cases 
Total 3 cases 

After injury 9 case 
In ER 2 cases 
At both places 2 cases 
Total 9 cases 

<0.05 

Tenderness 9 cases 27 cases <0.05 

Table 5| Significant of clinical variables among fracture and no fracture group in ankle group. 
 Fracture group No fracture group P-value 
Total no. of cases 5 45  
Age (years, mean +SD) 32±8.69 33.84±13.57 NS 
Male: Female ratio 0:5 16:29 NS 
Time since injury mean 13.40hrs 25.51hrs NS 
Side(R/L) 4:1 23:22 NS 
Swelling grade Mild 1 case 

Moderate 4 cases 
Mid 28 cases 
Moderate 17 cases 

<0.05 

Ecchymosis Present 2 cases 
Absent 3 cases 

Present 9 cases 
Absent 36 cases 

NS 

Mechanism of injury Twisting 1 case 
Fall from height 1 
RTA 1 case 

Twisting 36 case 
Fall from height 7 
RTA 1 case 
Direct blow 1 case 

NS 

Inability to bear weight After injury 1 case 
In ER 5 cases 
At both places 5 cases 
Total 5 cases 

After injury 2 cases 
In ER 7 cases 
At both places11 cases 
Total 20 cases 

<0.05 

Tenderness Total 5 cases 
Tip of malleolus 0  
Edge of malleolus 5 cases 

Total 33 cases 
Tip of malleolus 14  
Edge of malleolus 19 cases 

<0.05 
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conducted by Stiell et al. Mean time of arrival of 
patients to hospital in ankle group was 29 hours and in 
midfoot group was 36.7 hours. This shows that in both 
groups patients has presented on second day after 
inury that appears to be relatively late presentation. 
This could be due to delayed treatment seeking attitude 
of people in our society and also due to misbelieve that 
ankle injury heals by itself. In study from France by 
Auleley GR et al most patients presented to the 
emergency department with in the day of injury [18].  
In this study ankle group had 54% on right side and 46% 
in left side, in midfoot group 48% left side and 52% in 
right side injury. No previous study has been found 
regarding side predominance in ankle and midfoot 
injuries.  In this study slight right, sided predominance 
has been found, probably right limb being dominant 
limb. Where midfoot injuries were more common on 
left side. 
In this study in both ankle and midfoot groups some 
amount of swelling was present in every case. In ankle 
group swelling was significantly association with 
fractures but in mid foot group there was no association 
between swelling and fractures. In study by IG Stiell et 
al association between fracture and swelling was not 
significant both in ankle and mid foot groups [14,16]. 
In ankle group there were 11 patients with ecchymosis 
and in midfoot group 3 had ecchymosis. Most of the 
ankle injuries are ligamentous injuries ranging from 
mild to severe grade. In partial or complete ligamentous 
injury there may be ecchymosis. Whereas in foot 
injuries ligamentous injuries are relatively less in 
comparison to ankle injuries that may be the probable 
reason for ecchymosis to be present in ankle group 
only.  In this study there was no association between 
ecchymosis and fractures. Similar result was found in 
study conducted by Stiell et al [14,16]. 
In present study most common mechanism of injury 
was twisting. This result was similar to several other 
studies worldwide [13,14,16,18-38]. In ankle group 
among Ottawa ankle rule positive cases 16 patients 
were not able to bear weight at both places (after injury 
and emergency department) whereas in midfoot group 
only 5 patients were not able to bear at both places. In 
this study in both groups inability to bear weight at both 
places was significantly associated with fractures. In 
study by IG Stiell et al. they found that there was 
significant association between inability to bear weight 
and ankle fractures but there was no association 
between inability to bear weight and midfoot fractures 
[14-16]. 
 In ankle group among Ottawa ankle rule positive 
patients tenderness was present in 38 cases. In midfoot 
group among Ottawa ankle rule positive patients 
tenderness was present in 36 cases. In both ankle and 
midfoot groups there was significant association 
between tenderness and fractures . In study by IG Stiell 

et al. they found that there was significant association 
between tenderness and fractures [14,16]. 
In this study total 14 fractures were detected by x-ray, 
out of which 14 were clinically significant. Overall rate 
of fracture was 14 %. In study by Auleley GR et al. 
fracture rate was 17.1% [18]. In study by Yazdani et al 
fracture rate was18.5% [25]. 
In this study, sensitivity of Ottawa ankle rule was 
calculated 100 % for ankle, midfoot and for combined 
ankle and midfoot groups. That means in all three 
groups, all patients with clinically significant fracture 
were picked up by Ottawa ankle rules and none of the 
clinically significant fractures were missed. Specificity 
was calculated 24% for ankle group, 30% for midfoot 
group and 36% for combined ankle and midfoot group. 
Specificity of Ottawa ankle rules appears to moderate, 
about two third of cases were diagnosed as false 
positive. Positive predictive value (PPV) was calculated 
13% for ankle group, 24% for midfoot group and 19% 
for combined ankle and midfoot group. Negative 
predictive value (NPV) was calculated 100% for ankle, 
midfoot and for combined ankle and midfoot group. 
That means chances of getting clinically significant 
fractures in patients those who were diagnosed as 
Ottawa ankle rule negative was zero. In this study, 
clinically significant fractures were not missed. 14 
patients (14%) had clinically significant fracture. With 
application of Ottwa ankle rules, possible reduction in 
the need for radiography was calculated to be about 
23%. This figure shows that approximately one third 
unnecessary x-rays could be avoided with application of 
Ottawa ankle rules. Results of present study were 
comparable to other studies. 
Result of present study is similar to those of Stiell et al. 
[16] They demonstrated sensitivities of 10 for detecting 
clinically significant fractures for both malleolar and 
midfoot region and the potential for reducing use of 
radiography by 30% without missing clinically 
significant fractures. 
Present study is similar to study conducted by Shahram 
Yazdani et al in Iran [25]. They found sensitivity of the 
Ottawa ankle rules 100% for each of the two 
zones(ankle and midfoot), and 100% for both zones 
combined. Specificity of the Ottawa ankle rules for 
detecting fractures was 40.50% for both zones, 40.50% 
for the malleolar zone, and 56.00% for the midfoot 
zone. Implementation of the Ottawa ankle rules had the 
potential for reducing radiographs by 33%. Difference is 
that specificity was higher in their study than present 
study whereas potential to reduce x-ray was slightly 
higher (33 % versus 31%).  
Papacostas E et al [22] validated Ottawa ankle rules 
protocol in Greek athletes.  This study is similar to our 
study in several aspects. examination were performed 
by orthopedic residents or sports medicine doctors. 122 
patients were included in this study. The sensitivity of 

MedS Alliance Journal of Medicine and Medical Sciences, 2024, Vol 4, No  10



Sah DN 

 MedS Alliance Journal of Medicine and Medical Sciences, 2024, Vol 4, No 8 

the Ottawa ankle rules in predicting fractures in both 
the malleolar and midfoot zones was 100%. The 
negative predictive value for each of these areas was 
also 1.0. Specificity was estimated to be 0.3(30%) for 
ankle fractures and 0.49(49%) for midfoot fractures. 
Positive predictive values were 0.16 and 0.28 
respectively. Nine ankle and eight midfoot fractures 
were detected. A possible reduction of up to 28.7% was 
found in the need for radiography. These values are 
almost similar to result of present study. Difference 
from present series is the group of patients included in 
the study. Their study included only athletes but 
present study was conducted in general population. 
Study done by Leddy JJ et al. [27] had similar result as 
present study. Leddy JJ et al implemented the OAR. 
With a modification to improve the specificity for 
identifying malleolar fractures (the “Buffalo rule”). they 
found sensitivity 100% that was similar to our study. 
Specificity and potential reduction in x-ray were 37% 
and 34% respectively these values are close to present 
study. With modified OAR specificity had increased 
significantly for malleolar group from 42% to 59%. 
Difference from our study is that they included children 
(<18 yrs) which comprises 18% of total number of 
patients. 
Study from Singapore by Tay SY et al[38] in our Asian 
population, calculated sensitivity and specificity of the 
OAR for predicting the presence of fracture 0.9 and 0.34 
respectively (61 fractures were picked up out of 68) But 
when the rules were modified to cast a wider screening 
net, sensitivity improved to 0.99 (67 fracture were 
picked up out of 68) They concluded that Ottawa ankle 
rule are not applicable to Asian population because of 
inadequate sensitivity but when modified become 
acceptable and can reduce the number of x-ray studies 
requested by 28%.[39] But flaws with this study were 
,they included patients aged 12–18 years, a group for 
which the refined Ottawa ankle rule were never 
designed or validated.  Of the seven clinically significant 
fractures missed, one was the base of the first 
metatarsal which is not included in the ankle or midfoot 
zones of the OAR. For the six other fractures, all patients 
were unable to recall whether they were able to weight-
bear immediately after the injury, making the 
application of the Ottawa ankle rule in these six patients 
unreliable.  
Present study faced some limitations. The relatively low 
number of cases made it difficult to generalize the 
results to other medical centers and the entire 
Nepalese population. In this study patients were 
evaluated by orthopedic residents and consultants only. 
Not all the patients with ankle injuries that presented 
during this time period were enrolled. Enrollment was 
based on willingness of patient relatives’ patient them 
self and cooperation of on duty doctors. 
 

In addition to limitations application of Ottawa ankle 
rule s have some limitations. Would all physicians agree 
to treat their patients without taking a radiograph? 
Would they take the legal responsibility in case of a 
possible fracture? Some studies showed that even after 
attending a one-hour training program on the Ottawa 
ankle rules and despite having a very good opinion 
towards the subject, physicians did not use the Ottawa 
ankle rules.[40] 

 

CONCLUSIONS 
Twisting injury was found to be most common 
mechanism of ankle and midfoot injuries. Ankle and 
midfoot injuries were found to be more common in 
young adults. Tenderness and inability to bear weight 
were two clinical variables those were found to be 
significantly associated with clinically significant 
fractures in ankle and mid foot region. To conclude 
Ottawa ankle rules are the accurate and highly sensitive 
tools to predict fractures in patients with acute ankle 
and midfoot injuries. When Ottawa ankle rules are 
applied to screen the patients of acute ankle and 
midfoot injuries for the need of radiography chances of 
missing clinically significant fractures among Ottawa 
ankle rules negative patients is almost zero. Ottawa 
ankle rules have potential advantage to reduce 
significant amount of unnecessary x-rays. Therefore, 
application of Ottawa ankle rules in our setup can 
reduce health care costs, unnecessary radiation 
exposure and save time of both patients and hospital 
staffs. Further, application of  Ottawa ankle rules will 
help in development of skill and attitude among Doctors 
regarding clinical evaluation of patients and they will 
spend more time in examining patients rather than 
writing radiological requisition. 

RECOMMENDATION   
Ottawa ankle rules should be used by orthopedics 
residents and consultants for clinical decision-making 
regarding need for radiological evaluation in adult 
patients with acute, ankle and midfoot injuries. This 
study was conducted in single center with relatively 
small sample size and cases were evaluated by 
orthopedics residents and consultants only therefore 
further studies are required with large sample, in 
hospitals of different levels including community health 
centres and by doctors of different levels of clinical skill 
and expertise.  Our study sample was small and the 
study was done in only one centre. Patients were 
evaluated by residents and consultants only.  
 

ADDITIONAL INFORMATION AND DECLARATIONS 
Acknowledgements:    
I express my sincere gratitude to all the patients without 
whose contribution and help; this study would not have 
been possible. 

11



 Sah DN 

   

Declaration of conflict: None 
Author Contributions: Concept and design, data 
collection and statistical analysis, writing of the 
manuscript, monitoring and supervising the research 

finalizing the manuscript: DNS;  author read and agreed 
with the contents of the final manuscript.  
Data Availability: Data will be available upon request to 
corresponding authors after valid reason.   

 
REFERENCES 
1. Garrick JG. The frequency of injury, 

mechanisms of injury and epidemiology of 
ankle sprains.  AM J. Sports Med. 1977; 
5:241-2. 

2. Wedmore I, Charette J. Emergency 
medicine clinics of North America 
Philadelphia: W B Saunders; Feb 2000; 
18:85-113. 

3. Lloyd S. Selective Radiographic assessment 
of acute ankle injuries in the emergency 
department: barrier to implementation. 
Can Med. Assoc. J. 1986; 135:973-4. 

4. Brooks SC, Potter BT, Rainey JB. Inversion 
injuries of the ankle clinical assessment and 
radiographic review. BMJ. 1981; 282:607-8. 

5. Vargish T, Clarke WR, Young RA, Jensen A. 
The ankle injury: indication for selective 
use of x-ray. Injury. 1983; 14:507-12. 

6. Montague AP, McQuillan RF. Clinical 
assessment of apparently sprained ankle 
and detection of fracture. Injury. 1985; 
16:545-6. 

7. Sujitkumar P, Hadfield JM, Yates DW. 
Sprain or fracture? An analysis of 2000 
ankle injuries. Arch Emerg. Med. 1986; 
3:101-6. 

8. Brand DA, Frazier WH, Kohlhepp WC, Shea 
KM, Hoefer AM, Ecker MD, et al. A protocol 
for selecting patients with injured 
extremities who need x-rays. N Engl J Med. 
1982; feb 11; 306:333-39. 

9. Dunlop MG, Beattie TF, White GK, Rabb 
GM, Doull RI. Guidelines for selective 
radiological assessment of inversion ankle 
injuries. BMJ.1986; 293:603-5. 

10. Stiell IG, McDowell I, Nair RC, Acta A, 
Greenberg GH, McKnight RD et al. Use of 
radiography in acute ankle injuries: 
physicians attitudes and practice. Can Med. 
Assoc J.1992; 147:1671-8. 

11. Gratton MC, Salomone JA III, Watson WA. 
Clinically significant radiographs 
misinterpretations at an emergency 
medicine residency programme. Ann. 
Emerg Med. 1990; 19:497-502. 

12. Moloney TW, Rogers DE. Medical 
technology: a different view of the 
contentious debate over cost. N Engl. J 
Med. 1979; 301:1413-19. 

13. Stiell IG, McKnight RD, Greenberg GH, 
McDowell I, Nair RC, Wells GA et al. 
Implementation of Ottawa ankle rules. 
JAMA. 1994; 271:827-32. 

14. 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; 10:384-90. 

15. Stiell IG, McKnight RD, Greenberg GH, Nair 
RC, McDowell I, Wallace GJ. Interobserver 
agreement in the examination of acute 
ankle injury patient. AM J Emerg. Med. 
1992; 10:14-17. 

16. Stiell IG, Greenberg GH, McKnight RD et al. 
Decision rule for the use of radiography in 
acute ankle injuries: refinement and 

prospective validation. JAMA. 1993; 
269:1127-32. 

17. Charles A R, Robert W B, David P G, James 
D H: Rockwood and Green’s. Fractures in 
adults, 4th edition Newyork: Lippincott-
Raven, 1996. 

18. Auleley GR, Kerboull I, Durieux P, Cosquer 
M, Courpied JP, Ravaud P. Validation of 
Ottawa ankle rules in France: a study in 
surgical emergency department of 
teaching hospital. Ann Emerg. 1998; 32:14-
18. 

19. Aginanga B, Ventura I,Tejera Torroja E, 
Huarte SI, Cuende GA, Gomez GM et al. 
Validation of Ottawa ankle rules for the 
efficient utilization of radiographies in 
acute lesions of the ankle. Atencion 
Primaria. 1999; 24:203-8. 

20. Szczesny G, Sypniewki M, Deszczymski J. 
Application of the Ottawa ankle rules in the 
ankle and midfoot injuries: verification of 
the method on the basis of own material. 
Chirirgia Narzadow Ruchu I Orthopedia 
Polska. 1999; 64:433-9. 

21. Yduen MC, SIm SW, Lam HS, Tung WK. 
Validation of Ottawa ankle rules in a Hong 
Kong ED. Am.J. Emerg. Med. 2001; 19:429-
32. 

22. Papacostas E, Malliaropoulos N, 
Papadopoulos A, Liouliakis C. Validation of 
Ottawa ankle rules protocol in Greek 
athlets: study in the emergency 
departments of a district general hospital 
and a sports injuries clinic. British Journal of 
Sports Med. 2001; 35:445-7. 

23. Pijnenburg AC, Glas AS, De Roos MA, 
Bogaard K, LLijmer JG, Bossuyt PM et al. 
Radiography in acute ankle injuries; the 
Ottawa ankle rules versus local diagnostic 
decision rules. Annals of Emerg. Med. 
2002;39:599-604. 

24. Wynn-Thomas S, Love T, McLeod D, Vernall 
S, Kljakovic M. Dowell A et al. The Ottawa 
ankle rules for the use of the diagnostic x-
ray in the afterhours medical centre in New 
Zealand. New Zealand Med. J. 2002; 115-
84. 

25. Shahram Yazdani, Hesam Jahandideh and 
Hossein Ghfrani et al. Validation of the 
Ottawa Ankle Rules in Iran: A prospective 
survey. BMC Emergency Medicine 2006, 
6:3. 

26. Alan Broomhead and Peter Stuart. 
Validation of Ottawa ankle rules in a 
Australia. Emergency Medicine (2003) 15, 
126-32. 

27. Leddy JJ, Kesari A, Smolinski RJ. 
Implementation of Ottawa ankle rules in a 
university sports medicine center. Med Sci 
Sports Exerc.2002;34:57-62. 

28. M. Marinelli, A.Di Guillio M. Macini et al. 
Validation of the Ottawa ankle rules in a 
second-level trauma center in Italy. J 
Orthopaed Traumatol (2007) 8:16-20. 

29. Perry S, Raby N, Grant PT. Prospective 
survey to verify the Ottawa ankle rules. J. 
Accid Emerg Med. 1999; 16:258-60. 

30. Libetta C, Burke D, Brennan P, Yassa J. 
Validation of Ottawa ankle rules in 
children. Journal of Accident & Emergency 
Medicine. 1999; 16:342-44. 

31. Plint AC, Bulloch B, Osmond MH, Stiell I, 
Dunlap H, Reed M et al. Validation of 
Ottawa ankle rules in children with ankle 
injuries. Acad Emerg. Med. 1999; 6:1005-9. 

32. Clarke KD, Tanner S. Evaluation of Ottawa 
ankle rules in children. Peditric Emergency 
care. 2003; 19:73-78. 

33. Allerston J, Justham D. Nurse practitioners 
and the Ottawa ankle rules. Comparisons 
with medical staff in requesting x-rays for 
ankle injured patients. Accident & Emerg. 
Nursing. 2008; 8:110-15. 

34. Karpas A, Hennes H, Walsh-Kelly CM. 
Utilization of Ottawa ankle rules by nurses 
in a pediatric emergency department. Acad 
Emerg Med.2002; 9:130-33. 

35. Rosin A, Sinopoli M. Impact of Ottawa ankle 
rules in a U. S. army troop in medical clinic 
in South Korea. Mil Med.1999; 164:793-94. 

36. Springer BA, Arciero RA, Tenuta JJ Taylor 
DC. A prospective study of modified 
Ottawa ankle rules in a military population. 
Am J Sports Med. 2000; 28:864-8. 

37. Kerr L, Kelly AM, Grant J et al. Failed 
validation of a clinical decision rule for the 
use of radiography in acute ankle injury. NZ 
Med J. 1994; 107:294-5. 

38. Tay SY, Thoo FL, Sitoh YY, Seow E, Wong HP. 
The Ottawa ankle rules in Asia: Validating a 
clinical decision rule for requesting z-rays in 
twisting ankle and foot injuries. J. Emerg. 
Med. 1999; 17:945-7. 

39. Konradsen L, Ravn JB. Ankle instability 
caused by prolonged peroneal reaction 
time. Acta Orthop.Scand. 19990; 61:388-
90. 

40. Cameron C, Naylor CD. No impact from 
active dissemination of the Ottawa ankle 
rules: further evidence of the need for local 
implementation of the practice guidelines. 
CMAJ. 1999; 160:1165-8. 

 

Publisher’s Note 

MJMMS remains neutral with regard to jurisdictional 

claims in published materials and institutional 

affiliations. 

will help you at every step for the 

manuscript submitted to MJMMS. 

• We accept pre-submission inquiries.  

• We provide round the clock customer 

support 

• Convenient online submission 

• Rigorous peer review  

• Indexed in NepJOL and other indexing 

services 

• Maximum visibility for your research 

• Open access 

Submit your manuscript at:  

Website: www.medspirit.org  

e-mail: editormjmms@gmail.com   

MedS Alliance Journal of Medicine and Medical Sciences, 2024, Vol 4, No  12

http://www.medspirit.org/
mailto:editormjmms@gmail.com

