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Abstract: Introduction: In order to improve the efficacy of requesting knee radiography and reduce unnecessary radiation expo-
sure, some clinical decision rules have been proposed for the assessment of knee injuries. Among them, the Ottawa Knee
Rule (OKR) was considered as one of the best guidelines with several validation studies. Therefore, in this meta-analysis,
we aimed to investigate the accuracy of OKR for diagnosis of fracture in patients presenting with knee trauma. Methods:
A systematic search was conducted in PubMed, Web of Science, Scopus, Google Scholar, and EBSCO from inception to
September 2022. Quality assessment of the included studies was performed using QUADAS-2 tool. Diagnostic accuracy
parameters were analyzed using random-effects model. Statistical analysis was performed using Meta-Disc and Stata
softwares. Results: The meta-analysis of the 18 included studies (6702 patients) showed that the pooled sensitivity and
specificity of OKR for diagnosis of fractures were 0.98 (95% CI: 0.96-0.99) and 0.43 (95% CI: 0.42-0.45), respectively. The
pooled positive likelihood ratio (PLR) and negative likelihood ratio (NLR) were 1.56 (95% CI: 1.39-1.75) and 0.12 (95%
CI: 0.05-0.26), respectively. The area under curve (AUC) of the hierarchical summary receiver operating characteristic
(HSROC) curve was 0.54. Conclusion: This meta-analysis indicates that OKR has a high diagnostic performance for
diagnosis of fracture, with a pooled sensitivity of 98% and a pooled specificity of 43%. These results propose potential
effects of OKR on reduction of unnecessary radiography, time spent in emergency departments, and direct and indirect
costs, which should be confirmed using high-quality studies in the future.
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1. Introduction

Acute knee pain and trauma are known as prevalent com-
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+989384226664, Fax: +989384226664, ORCID: https://orcid.org/0000-0002- erable number of plain radiography requests (1-4). Despite

1559-2323. the high number of patients presenting with acute knee pain

plaints in emergency departments and account for a consid-
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or trauma, less than 7% of these cases actually have a definite
fracture (5, 6). Indeed, radiography is commonly requested
as a standard diagnostic tool for more than 90% of these sus-
pected cases. Therefore, the high rate of unnecessary ra-
diography for detecting fractures in patients with acute knee
trauma results in significantly increased medical costs along
with extended hospital stay and also unnecessary radiation
exposure (7, 8). In order to improve the efficacy of request-
ing radiography and reduce unnecessary radiation exposure,
some clinical decision rules have been proposed for the as-
sessment of knee injuries. Among them, the Ottawa Knee
Rule (OKR) was considered as one of the best guidelines with
several validation studies. The rules have been developed to
improve the efficacy with which knee traumas are assessed
and to reduce unnecessary radiography without an increase
in the rate of missed fractures. The OKR was designed in 1995
by Stiell et al. (2) as a diagnostic tool to divide cases of acute
knee injury into two groups including cases who are likely
to have an important bony injury and need evaluation us-
ing radiography and cases who are not likely to have a sig-
nificant fracture and do not require radiography. Suspected
cases are highly likely to have a significant fracture and thus
need a radiographic evaluation if at least one of the following
criteria is positive: age at least 55 years old, isolated tender-
ness of patella, inability to flex the knee to 90 degrees, ten-
derness of fibular head, and inability to bear weight following
the trauma and admission to the emergency department (2).
Several studies have investigated the validation of OKR in pa-
tients with knee trauma, which showed high sensitivity and
moderate specificity for application of this rule in emergency
departments (9-12). The OKR can rule out fractures and re-
duce unnecessary exposure to ionizing radiation with high
sensitivity. However, these validation studies reported a wide
range of test sensitivities and specificities in adults. There-
fore, in this systematic review and meta-analysis, we aimed
to investigate the accuracy of OKR for diagnosis of fracture in
patients with knee trauma.

2. Methods
2.1. Search strategy

This study was carried out according to the recommen-
dations of Preferred Reporting Items for Systematic Re-
views and Meta-Analyses of Diagnostic Test Accuracy Stud-
ies (PRISMA-DTA). A systematic search was conducted in
PubMed, Web of Science, Scopus, Google Scholar, and EB-
SCO from their inception to September 2022. The search was
carried out without limitations on language or the date of
the published papers to ensure that all eligible studies were
included in the meta-analysis. The following MeSH terms
and keywords and also their combinations were used in En-
glish: “Ottawa” OR “Knee” OR “Rule” OR “Ottawa Knee Rule”

AND “Knee Injury” OR “Knee Trauma”’ AND “Radiography”
OR “Radiograph” OR “X-ray”.

2.2. Eligibility criteria

The specific inclusion criteria for the meta-analysis were as
follows: (a) diagnostic accuracy parameters of OKR for di-
agnosis of fractures (true positive [TP], true negative [TN]
and/or false positive [FP], and false negative [FN]) were re-
ported; (b) the study population consisted of at least 10 cases
with knee injury; (c) all fractures were confirmed using ra-
diography; (d) the study has cross-sectional, case-control, or
cohort design. The papers were excluded from the meta-
analysis based on the following criteria: (a) solely the sensi-
tivity and specificity of OKR were provided; (b) reviews, meta-
analyses, poster presentations, editorials, case reports, and
cases series with fewer than 10 cases with knee injury; (c) du-
plicate studies.

2.3. Data extraction and quality assessment

The following variables from the individual papers were ex-
tracted by two independent authors using an excel spread-
sheet: diagnostic accuracy parameters including TP, TN, FB,
and FN, first author, year of publication, country, study de-
sign, sample size, and reference standard. Disagreements be-
tween these two authors were resolved through a discussion
with the third author. The quality assessment of the included
studies was investigated using the Quality Assessment of Di-
agnostic Accuracy Studies (QUADAS)-2 tool.

2.4. Statistical analysis

Statistical analysis was performed using Meta-Disc software
version 1.4. Heterogeneity between the included studies was
assessed using I2. DerSimonian-Laird pooling method was
used to estimate sensitivity, specificity, positive likelihood ra-
tio (PLR), negative likelihood ratio (NLR), diagnostic odds ra-
tio (DOR), and accuracy (summery receiver operating char-
acteristic (SROC) curve). Begg’s test and funnel plot were
used to investigate publication bias. Evaluation of the pub-
lication bias was carried out using Stata statistical software
package (Stata Corp., College Station, TX, USA) (version 17.0).

3. Results
3.1. Study Selection

The systematic search identified a total of 245 studies, 58 of
which were duplicates. We, then excluded 142 studies by
screening their titles and abstracts. After reviewing the full
texts and data integrity of the studies according to inclusion
and exclusion criteria, 39 studies were excluded. Finally, 18
studies were included in this meta-analysis. The PRISMA
flow diagram of the studies during retrieval process and rea-
sons for exclusion are illustrated in Figure 1.
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First Author Year | Country |Sample| Study Design Gold TP | FP |[FN | TN | Sensitivity | Specificity
Size Standard (%) (%)
Sims et al. (17) 2020 | Australia 149 | Retrospective | Radiography | 17 | 68 |7 | 57 71 46
Mohamed et al. (9) 2020 Ireland 110 Prospective | Radiography |12 | 60 [0 | 38 100 39
Shams Vahdati et al. (18) | 2019 Iran 220 Prospective | Radiography |164| 44 |0 | 12 100 21
Cheung et al. (19) 2013 | Netherland 90 Prospective | Radiography | 6 | 64 |1 19 86 23
Beutel et al. (10) 2012 United 260 | Retrospective | Radiography | 41 [128(0 | 91 100 42
States
Konan et al. (20) 2012 | England 106 Prospective | Radiography | 6 | 73 [0 |27 100 27
Jalili et al. (21) 2010 Iran 283 Prospective | Radiography | 21 |146|1 |115 95 44
Atkinson et al. (14) 2004 England 72 Prospective | Radiography | 7 [ 30 [0 |35 100 54
Kec et al. (22) 2003 United 85 Prospective | Radiography | 10 | 67 [0 8 100 11
States
Matteucci et al. (23) 2003 United 134 Prospective | Radiography | 4 |50 [0 | 80 100 62
States
Ketelslegers et al. (12) 2002 | Belgium 77 Prospective | Radiography | 12 | 37 [0 | 28 100 43
Szucs et al. (24) 2001 United 96 Prospective | Radiography | 8 | 47 [0 | 41 100 47
States
Emparanza et al. (11) 2001 Spain 1522 Prospective | Radiography | 89 |688|0 |745 100 52
Tigges et al. (25) 1999 | United Sates | 378 Prospective | Radiography | 42 |271|1 64 98 19
Seaberg et al. (8) 1998 United 750 Prospective | Radiography | 84 [487(3 |176 97 27
States
Stiell et al. (a) (1) 1997 Canada 987 Prospective | Radiography | 58 |483|0 |446 100 48
Richman et al. (26) 1997 United 287 Prospective | Radiography | 22 |143(4 |[118 85 45
States
Stiell et al. (b) (6) 1996 Canada 1096 Prospective | Radiography | 63 |522|0 |511 100 49
TP: True positive; FP: False positive; FN: False negative; TN: True negative.
Quality assessment of the included studies using QUADAS-2 tool
Study Risk of bias Applicability concerns
Patient Indextest | Reference Flow and Patient Index test Reference
selection standard timing selection standard
Sims et al. (17) (@) ? ? ® © @) ®
Mohamed et al. (9) © ? ? ® © ) ©
Shams Vahdati et al. (18) © @) ? O @) @) O
Cheung et al. (19) © O &) @) © © ©
Beutel et al. (10) © © @) @) © @) ©
Konan et al. (20) (@) ? ? ® © © ®
Jalili et al. (21) (@) © ? ® © ©) ®
Atkinson et al. (14) © © © © © © ©
Kecetal. (22) © O @) @) O @) O
Matteucci et al. (23) © © @) © O @) ©
Ketelslegers et al. (12) ? O @) @) O © ©
Szucs et al. (24) (@) © ® ® ® ©) ®
Emparanza et al. (11) @) © ? @) © ® ©
Tigges et al. (25) © © © © © © ©
Seaberg et al. (8) © @) @) @) © © ©
Stiell et al. (a) (1) (@) O &) © O @) ©
Richman et al. (26) © O @) @) © @) ©
Stiell et al. (b) (6) © © @) © O @) ©

©: Low Risk; ©: High Risk; 2: Unclear Risk. QUADAS: Quality Assessment of Diagnostic Accuracy Studies.
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3.2. Study characteristics

Finally, 18 eligible studies involving a total of 6702 patients
with knee injury were included from different geographical
regions. In all included studies, radiography was used as a
gold standard for diagnosis of fracture. The diagnostic sen-
sitivity ranged from 71% to 100%, while the diagnostic speci-
ficity was 11% to 62%. All included studies were published in
English. The main characteristics of the included studies are
provided in Table 1.

3.3. Quality assessment and risk of bias

Quality assessment of the included studies was performed
using QUADAS-2 tool. The included studies had a low risk
of bias and moderate to high quality. Table 2 shows the re-
sults of quality assessment in detail. Evaluation of publica-
tion bias using Begg's test (P=1) showed no significant pub-
lication bias. Furthermore, investigation of publication bias
using Funnel plot revealed the same result (figure 2).

3.4. Diagnostic accuracy of OKR

The heterogeneity was found to be significant for the pooled
analysis of sensitivity (P=0.00, 12=70.9), specificity (P=0.00,
12=94.9%), PLR (P=0.00, 12=94.5%), NLR (P=0.00, 12=68.1%),
and DOR (P=0.001, 12=57.6%). Therefore, these parame-
ters were analyzed using random-effects model. The meta-
analysis of the 18 included studies showed that the pooled
sensitivity and specificity of OKR for diagnosis of fractures
were 0.98 (95% CI: 0.96-0.99) and 0.43 (95% CI: 0.42-0.45), re-
spectively (Figure 3 and Figure 4).

The pooled PLR and NLR were 1.56 (95% CI: 1.39-1.75) and
0.12 (95% CI: 0.05-0.26), respectively (Figure 5 and Figure 6).

Furthermore, the diagnostic odds ratio of OKR was 13.02
(95% CI: 5.99-28.32) (Figure 7). The area under curve (AUC)
of the hierarchical summary receiver operating characteris-
tic (HSROC) curve was 0.54, indicating that the accuracy of
OKR for diagnosis of fractures in patients with knee trauma
is 54% (Figure 8). Evaluation of threshold effect using spear-
man correlation revealed that there is no significant correla-
tion between the sensitivity and specificity (r= 0.09, P=0.69).

4. Discussion

In this systematic review and meta-analysis of 18 studies
investigating 6702 adult patients from nine countries, we
demonstrated that the pooled sensitivity and specificity were
98% and 43% for OKR. These findings reveal that the sen-
sitivity is high enough to be applied to rule out fractures in
patients with knee trauma in emergency departments and it
has an adequate specificity. The pooled PLR of 1.56 (95% CI,
1.39-1.75) and NLR of 0.12 (95% CI, 0.05-0.26) suggest that
the odds of having a knee fracture in radiography increases
by about 150% with a positive OKR, whereas the odds is re-

duced by 99.88% with a negative OKR.

In a similar meta-analysis, Bachman et al. (13) investigated
the sensitivity, specificity, and NLR of OKR for diagnosis of
knee trauma using 6 studies involving 4249 patients. Their
analysis showed that the sensitivity and specificity of OKR
were 98.5% and 48.6%, respectively. Furthermore, they found
that NLR of OKR is 0.05. Although their sensitivity was similar
to ours, their specificity was higher than the specificity that
we found and their NLR was lower than what our analysis
showed. These differences can be partially clarified by differ-
ence in the number of studies included in the meta-analysis.
We included 18 studies, while they assessed 6 studies in their
meta-analysis.

In a study by Atkinson et al. (14) the sensitivity and specificity
of OKR for diagnosis of fractures were 1 (95% CI: 0.63-1) and
0.53 (0.41-0.65), respectively. These findings reveal the im-
portance of the referrer being aware of the OKR. Moreover,
accumulating lines of evidence have recently proposed that
the main barriers to OKR usage were attributed to patients,
and systematic and legal concerns rather than the efficacy of
OKR. Therefore, in addition to increasing knowledge of eval-
uating doctors regarding OKR, addressing systematic and le-
gal barriers is crucial to improve adherence to this rule (10).
OKR was designed to estimate the probability of fracture and
aid physicians in deciding on the requirement of requesting
radiography in the assessment of trauma. The designers of
knee rules considered a sensitivity of about 100% in diagnos-
ing fractures to reduce unnecessary radiographs. However,
the data regarding rate of reduction in unnecessary radiogra-
phy were limited in previous studies and could not be pooled
in our meta-analysis. Additionally, we could not analyze data
of time spent in emergency departments and direct and indi-
rect costs saved due to reducing unnecessary radiography.

A systematic review and meta-analysis of observational stud-
ies was carried out by Vijayasankar et al. (15) to assess the di-
agnostic accuracy of OKR in children. They identified three
eligible studies involving 1130 subjects for inclusion in meta-
analysis. The analysis revealed that the pooled sensitivity,
specificity, PLR, and NLR were 0.99 (95% CI: 0.94-0.99), 0.46
(95% CI: 0.43-0.49), 1.94 (95% CI: 1.60-2.36), and 0.07 (95% CI:
0.02-0.29), respectively. These findings show that sensitivity
and specificity of OKR in children were higher than adults.
Although the findings across these three studies were consis-
tent, their quality was thought to be low, with little blinding,
which affects the reliability of the meta-analysis.

In another meta-analysis by Sims et al. (16), the results of
eight studies were pooled to indicate the diagnostic charac-
teristics of OKR for diagnosis of knee fractures. Their pooled
sensitivity and specificity of OKR were higher than those we
found in our meta-analysis. These differences may be clar-
ified by considerable difference in the number of included
studies.
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Patients’ point of view and request may affect the efficacy
of OKR for reduction of unnecessary radiographs in clin-
ical practice. Some cases with knee trauma may request
to be evaluated by radiography when they are evaluated in
emergency department since they believe that an appropri-
ate evaluation must include imaging. Therefore, in addition
to introduction of a rule to evaluating physicians, education
of the patients is also needed to reduce frequency of unnec-
essary radiographs. Our evaluation of the included studies
indicates some limitations as most of them did not report
need for further evaluation for patients without definite frac-
ture in radiography and they did not investigate economic ef-
fects of the use of OKR in emergency departments.

5. Limitations

Despite valuable findings regarding pooled accuracy pa-
rameters of OKR for diagnosis of knee fractures in adults,
this meta-analysis faced several limitations: evaluation of
the heterogeneity using I2 revealed significant heterogene-
ity, particularly for specificity (12=94.9%), which may be due
to the threshold effect where different cut-offs are applied.
However, since assessment of threshold effect using spear-
man correlation showed that there was no significant corre-
lation between sensitivity and specificity, it seems that the
detected heterogeneity may only slightly affect the findings.
Another limitation of our meta-analysis is that we did not
investigate the accuracy of OKR for children. Furthermore,
evaluation of the economic effects of OKR and needs for fur-
ther imaging in patients with no definite fracture were not
carried out in our study. Few studies used both radiogra-
phy and follow-up as reference standard for diagnosis of frac-
ture suggesting risk of flow and timing bias in the results of
QUADAS-2 evaluation.

6. Conclusion

This systematic review and meta-analysis of 6702 adult pa-
tients with acute knee trauma indicates that OKR has a
high diagnostic performance for diagnosis of fracture, with
a pooled sensitivity of 98% and a pooled specificity of 43%.
Although our findings suggest applying the OKR as a sen-
sitive rule in emergency departments, its widespread appli-
cation still has some limitations. These results propose po-
tential effects of OKR on reduction of unnecessary radiogra-
phy, time spent in emergency departments, and direct and
indirect costs, which should be confirmed using high-quality,
large-scale, multicenter studies in the future.
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Forest plot of the pooled sensitivity of Ottawa Knee Rule (OKR) for diagnosis of fracture in patients with knee trauma. CI: confidence
interval.
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Forest plot of the pooled specificity of Ottawa Knee Rule (OKR) for diagnosis of fracture in patients with knee trauma. CI: confidence

interval.
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Forest plot of the pooled positive likelihood ratio (PLR) of Ottawa Knee Rule (OKR) for diagnosis of fracture in patients with knee
trauma. CI: confidence interval.
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Forest plot of the pooled negative likelihood ratio (NLR) of Ottawa Knee Rule (OKR) for diagnosis of fracture in patients with knee

trauma. CI: confidence interval.
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Forest plot of the pooled diagnostic odds ratio (DOR) of Ottawa Knee Rule (OKR) for diagnosis of fracture in patients with knee

trauma. CI: confidence interval.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



S-M. Kazemi et al.

SROC Curve

Sensitivity
1

0.9
08
07
06
0.5 -
04
03+
0.2 -

01

]

L4 N ]
. o *

Symmetric SROC
AUC =0.5454
SE(AUC) = 0.0824

Q" =0.5341
SE(Q") = 0.0620

02

06
1-specificity

08 1

Hierarchical summary receiver-operating characteristic
(HSROC) curve indicating accuracy of OKR for diagnosis of fracture

in patients with knee trauma.

14

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



	Introduction
	Methods
	Results
	Discussion
	Limitations
	Conclusion
	Declarations
	References

