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Systematic review 

Reliability of the straight leg raise test for suspected lumbar radicular pain: 
A systematic review with meta-analysis 
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A B S T R A C T   

Background: The passive straight leg raise (SLR) and crossed SLR are recommended tests for lumbar radicular 
pain. There are no recent reviews of test reliability. 
Objectives: To summarize SLR and crossed SLR reliability in patients with suspected lumbar radicular pain. 
Design: Systematic review with meta-analysis. 
Method: MEDLINE and CINAHL were searched for studies published before April 2021 that reported SLR or 
crossed SLR reliability in patients with low back-related leg pain. Supplemental analyses also included patients 
with low back pain only. Study selection, risk of bias assessment (QAREL), and data extraction were performed in 
duplicate. Kappa, intraclass correlation coefficients, and smallest detectable difference (SDD95) quantified reli-
ability. Meta-analysis was performed when appropriate. Confidence in the evidence was determined by applying 
GRADE principles. 
Results/findings: Fifteen studies met selection criteria. One-hundred-eighty-nine participants had low back-related 
leg pain. Four-hundred-thirty-nine were included in supplemental analyses. Meta-analyses showed at least fair 
inter-rater reliability when a positive SLR required provocation of lower extremity symptoms or pain. SLR 
reliability was at least moderate when testing included structural differentiation (e.g., ankle dorsiflexion). A low 
prevalence of positive crossed SLR tests led to wide-ranging reliability estimates. Confidence in the evidence for 
identifying a positive SLR or crossed SLR was moderate to very low. SDD95 values for different raters measuring 
SLR range of motion ranged from 13 to 20◦. 
Conclusions: Reliability data support testing SLR with structural differentiation manoeuvres. Crossed SLR reli-
ability data are inconclusive. Measurement error likely prohibits using SLR range of motion for clinical decision- 
making.   

1. Introduction 

Clinical practice guidelines recommend the passive straight leg raise 
(SLR) test to help detect radicular pain in patients with low back pain 
(Oliveira et al., 2018). Furthermore, a crossed SLR may indicate radic-
ular pain secondary to lumbar disc herniation (van der Windt et al., 
2010; Stynes et al., 2018). Detecting lumbar radicular pain is important 
because it is typically associated with greater activity limitations and 
potentially poorer outcomes (Harrisson et al., 2017; Hartvigsen et al., 
2017). 

The SLR aims to detect radicular pain by mechanically provoking 
irritated lumbosacral nerve roots (Rebain et al., 2002). Biomechanical 

data support this premise (Gilbert et al., 2007; Rade et al., 2017). 
However, the SLR may also provoke symptoms related to irritation of 
non-neural tissues. Assessing effects structural differentiation manoeu-
vres (e.g., neck flexion, ankle dorsiflexion, or hip adduction) have on 
symptoms provoked in the SLR position potentially helps distinguish 
symptoms related to irritation of neural tissues from those related to 
irritation of non-neural tissues (Breig and Troup, 1979; Bueno-Gracia 
et al., 2019, 2020). Appropriate structural differentiation manoeuvres 
aim to further load or unload the nervous system without changing load 
on non-neural structures that could be sources of SLR-related symptoms. 
If one or more structural differentiation manoeuvres change 
SLR-provoked symptoms, those symptoms are thought to be at least 
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partly related to neural tissue irritation (Breig and Troup, 1979; Troup, 
1981). This interpretation assumes central pain mechanisms are not 
substantially contributing to the patient’s pain experience (Smart et al., 
2012a; b). 

Even though guidelines recommend SLR testing, systematic reviews 
suggest the SLR performs poorly in diagnosing lumbar radicular pain 
(van der Windt et al., 2010; Scaia et al., 2012; Tawa et al., 2017; Mistry 
et al., 2020). Insufficient reliability may be one factor contributing to 
poor diagnostic performance (Sackett, 1992). Categorizing patients as 
having lumbar radicular pain based on SLR findings and other clinical 
data may also inform expectations about prognosis (Konstantinou et al., 
2018), costs (Kigozi et al., 2019), and likely treatments (Delitto et al., 
2012; George et al., 2021). Insufficient SLR reliability might contribute 
to inconsistent patient categorization and lead to inaccurate expecta-
tions about these aspects of management. 

The most recent systematic review that summarized SLR reliability 
only included literature published between January 1989 and January 
2000 (Rebain et al., 2002). Our systematic review aimed to provide an 
updated summary of SLR and crossed SLR reliability in patients with 
suspected lumbar radicular pain. 

2. Methods 

This systematic review is part of a larger protocol evaluating clini-
metric properties of the SLR and crossed SLR in patients with lumbar 
radicular pain. The protocol was prospectively registered (PROSPERO 
CRD42018086158). This review followed the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) guidelines (Page 
et al., 2021). 

2.1. Eligibility criteria 

Eligible studies enrolled participants (aged >16 years) who pre-
sented with low back-related leg pain in any clinical setting. The SLR, 
with or without structural differentiation, and the crossed SLR could be 
performed in isolation or as part of a clinical examination of low back- 
related leg pain. Reliability could address identifying a positive SLR or 
crossed SLR or measuring SLR range of motion (ROM). Provocation of 
lower extremity symptoms or pain needed to be part of defining a pos-
itive SLR. Any type of study (e.g., reliability, diagnostic accuracy, or 
clinical trial) was eligible as long as reliability data were reported. 
Studies that focused on conditions often associated with neuropathies 
other than lumbar radicular pain (e.g., meningitis, polyneuropathy, 
diabetic neuropathy, HIV/AIDS, leprosy, alcohol dependence) or used 
orthoses to standardize lower limb positions during SLR were excluded. 
Studies needed to be available in English and disseminated in peer- 
reviewed publications. 

2.2. Study identification and selection 

MEDLINE (via PubMed) and CINAHL (via EBSCOhost) were searched 
for eligible studies published before April 2021 (Supplemental Tables). 
Grey literature was not searched. One of the reviewers (BSB or RJN) and 
a research assistant independently screened titles and abstracts for full 
text assessment. Two reviewers (BSB, RJN) independently screened full 
text articles for final inclusion in this review. Reference lists of included 
studies and previously published systematic reviews on SLR reliability 
and diagnostic accuracy were also searched independently by two re-
viewers (BSB, RJN). Disagreements during screening were resolved by 
consensus between the two reviewers. If consensus could not be reached, 
a third reviewer (MWC) was consulted for a final decision. Reasons for 
excluding studies were recorded. 

In participants with low back-related leg pain, applicability of reli-
ability data for identifying a positive SLR or crossed SLR was limited by 
most participants having severe symptoms that required hospitalization 
(Poiraudeau et al., 2001) or bed rest (Vroomen et al., 2000). 

Applicability of reliability data for measuring SLR ROM was limited by a 
small sample (Walsh and Hall, 2009a). Supplemental analyses were 
therefore performed on studies enrolling “mixed” samples of partici-
pants with low back-related leg pain or low back pain only. 

2.3. Risk of bias assessment 

Two reviewers (BSB, RJN) independently assessed risk of bias in 
included studies using the Quality Appraisal Tool for Studies of Diag-
nostic Reliability (QAREL) (Lucas et al., 2010). Reviewers agreed upon 
criteria for each QAREL item a priori to enhance inter-rater reliability 
(Lucas et al., 2013). To satisfy criteria for QAREL item 9 (Suitable time 
interval), repeated measures needed to occur within 24 h. For intervals 
greater than 24 h, data demonstrating participants’ symptom status was 
similar at each measurement session needed to be reported. For QAREL 
item 10 (Appropriate test application/interpretation), studies investi-
gating reliability of identifying a positive SLR needed to incorporate 
structural differentiation into testing. Disagreements were resolved by 
consensus between the two reviewers. If consensus could not be reached, 
a third reviewer (MWC) was consulted for a final decision. 

Summarizing risk of bias with a total score from an appraisal tool is 
problematic because it omits details on specific limitations in each study 
that may influence results (Büttner et al., 2020). Limitations of included 
studies were therefore presented graphically by illustrating the pro-
portion of studies that satisfied each QAREL item. Potential risks of bias 
for each SLR and crossed SLR reliability outcome (e.g., provocation of 
symptoms, measurement of ROM) were also reported. 

2.4. Data extraction 

Two reviewers (BSB, RJN) independently extracted data using a 
customized spreadsheet. Study setting, eligibility criteria, demographic 
characteristics of participants, SLR or crossed SLR test performance and 
interpretation, prevalence of a positive test, percent agreement, tools for 
measuring SLR ROM, and reliability outcomes (described below) with 
95%CI were recorded. Disagreements were resolved by consensus be-
tween the two reviewers. If consensus could not be reached, a third 
reviewer (MWC) was consulted for a final decision. Authors were con-
tacted as needed to clarify test performance or interpretation and obtain 
data to permit calculation of reliability outcomes or 95%CI. 

2.5. Reliability outcomes 

Kappa coefficients quantified the level of agreement for identifying a 
positive SLR or crossed SLR (Landis and Koch, 1977). Prevalence of a 
positive SLR or crossed SLR and percent agreement were reported when 
available to provide context for interpreting Kappa values. However, 
prevalence and bias indices were not calculated (Sim and Wright, 2005). 

Relative reliability for consistency in measuring SLR ROM was 
quantified by intraclass correlation coefficients (ICCs) (Shrout and 
Fleiss, 1979). Absolute reliability (i.e., measurement error) for SLR ROM 
was quantified by the standard error of measurement (SEM) (Stratford, 
2004) and smallest detectable difference at a 95% confidence level 
(SDD95) (Eliasziw et al., 1994). SEM and SDD95 were calculated from 
reported data when not provided by study authors. 

Reliability coefficients were interpreted as follows: 0.81 to 1.00 =
substantial; 0.61 to 0.80 = moderate; 0.41 to 0.60 = fair; 0.11 to 0.40 =
slight; and 0.00 to 0.10 = virtually none (Shrout, 1998). 

2.6. Data analysis 

Analyses focused on group data. Meta-analysis was performed when 
similar criteria were used to interpret SLR or crossed SLR responses in 
two or more similar samples. Random effects models using generic in-
verse variance were calculated with MedCalc Statistical Software 
version 19.8 (MedCalc Software Ltd, Ostend, Belgium; https://www.me 
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dcalc.org; 2021). Variance for Kappa values was calculated from percent 
agreement when reported (Sun, 2011). Otherwise, variance for Kappa 
and ICC values was calculated from reported 95%CI. Statistical hetero-
geneity was interpreted as low, moderate, and high when I2 values were 
25%, 50%, and 75%, respectively (Higgins et al., 2003). 

2.7. Confidence in the evidence 

Confidence in estimates of inter-rater reliability for identifying a 
positive SLR or crossed SLR was determined by applying Grading of 
Recommendations, Assessment, Development, and Evaluation (GRADE) 
principles for diagnostic tests and strategies (Schünemann et al., 2020a, 
2020b). Confidence was downgraded due to risk of bias, inconsistency, 
indirectness, or imprecision. Publication bias was not considered 
because of the small number of studies. Confidence was downgraded for 
risk of bias when more than 25% of participants providing data on a 
reliability outcome came from studies with important risks of bias. 
Confidence was downgraded for inconsistency when there were 

wide-ranging reliability estimates with minimal overlap in 95%CI or 
when I2 estimates of statistical heterogeneity were greater than 50%. 
Confidence was downgraded for indirectness when data came from 
“mixed” samples that included participants with low back pain only. 
McHugh (2012) proposed Kappa values below 0.60 reflect insufficient 
agreement among raters. Confidence was therefore downgraded for 
imprecision when 95%CI for pooled estimates of Kappa spanned across 
this 0.60 threshold. A review information size was calculated to help 
assess imprecision when meta-analysis was not possible (Schünemann, 
2016). When prevalence of a positive test is between 30% and 70%, 165 
to 191 participants are needed to have 80% power (p ≤ 0.05) to detect a 
Kappa value of 0.60 (fair reliability) that is significantly different from a 
null value of 0.40 (slight reliability) (Sim and Wright, 2005). In the 
absence of meta-analysis, confidence was downgraded for imprecision 
when reliability data came from less than 165 participants. De-
terminations of confidence in the evidence focused on definitions of a 
positive SLR or crossed SLR commonly used to detect lumbar radicular 
pain. 

Fig. 1. Summary of study identification and selection process.  

R.J. Nee et al.                                                                                                                                                                                                                                   

https://www.medcalc.org


Musculoskeletal Science and Practice 59 (2022) 102529

4

Table 1 
Characteristics of included studies. “Mixed” samples involved inclusion of participants with low back-related leg pain or just low back pain. 
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3. Results 

3.1. Study selection 

Results of the study identification and selection process are sum-
marized in Fig. 1. Four studies reported SLR or crossed SLR reliability in 
three distinct samples of participants with low back-related leg pain (n 
= 189) (Table 1A). Walsh and Hall (2009a; b) reported reliability for 
identifying a positive SLR and measuring SLR ROM in separate publi-
cations based on data from the same sample (n = 20). As noted previ-
ously, most participants (169/189) had severe low back-related leg pain 
that required hospitalization (Poiraudeau et al., 2001) or bed rest 
(Vroomen et al., 2000). Eleven studies were included in supplemental 
analyses and reported SLR reliability in 14 distinct “mixed” samples of 
participants with low back-related leg pain or low back pain only (n =
439) (Table 1B). 

3.2. Risk of bias 

QAREL ratings for each study are reported in Table 2. Proportions of 
studies that satisfied each QAREL item are presented in Fig. 2. 

3.2.1. Low back-related leg pain 
QAREL ratings suggested two main risks of bias (Fig. 2A). Only two 

of four studies clearly prevented an order effect by varying the order of 
raters. Similarly, only two of four studies clearly ensured each partici-
pant’s condition remained stable by using a suitable time interval be-
tween examinations. 

No studies were clear about blinding raters to other clinical infor-
mation or to additional cues about participants (e.g., tattoos, voice ac-
cent). Lack of clarity in blinding raters to other clinical information was 
a minor concern because SLR and crossed SLR are interpreted clinically 
within the context of a full examination. Lack of clarity about blinding 
raters to additional cues about participants was also a minor concern 
because three of the four studies reported only inter-rater reliability 
where each rater examined each participant only once. However, this 
could be a source of bias for estimates of intra-rater reliability reported 
by Poiraudeau et al. (2001). Lack of clarity about blinding raters to their 
own prior test findings is another potential source of bias for estimates of 
intra-rater reliability from this study. 

3.2.2. “Mixed” samples 
There were two main risks of bias in studies that enrolled partici-

pants with low back-related leg pain or low back pain only (Fig. 2B). 
Only five of 11 studies varied the order of raters, and only seven used 
structural differentiation to categorize the SLR as positive or negative. 

Only three of 11 studies blinded raters to other clinical information 
and no studies were clear about blinding raters to additional cues about 
participants. These were minor concerns for reasons outlined previously. 
However, lack of clarity about blinding raters to additional cues about 
participants and to their own prior test findings are potential sources of 
bias for estimates of intra-rater reliability reported by Chow et al. (1994) 
and Paatelma et al. (2010). 

Table 2 
Risk of bias of included studies according to the Quality Appraisal Tool for Studies of Diagnostic 
Reliability (QAREL). “Mixed” samples involved inclusion of participants with low back-related leg 
pain or low back pain only. 
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3.3. Reliability outcomes for SLR and crossed SLR 

Because of inconsistent terminology, studies reporting provocation 
of participants’ specific symptoms were interpreted separately from 
studies reporting provocation of pain. Confidence in the evidence for 
inter-rater reliability when a positive SLR included provocation of lower 
extremity pain or symptoms was moderate to very low (Table 3). Con-
fidence in the evidence for inter-rater reliability for identifying a posi-
tive crossed SLR was moderate to very low (Table 3). 

3.3.1. SLR provokes symptoms with structural differentiation 
Meta-analysis showed moderate inter-rater reliability for identifying 

a positive SLR based on provocation of symptoms that changed with 
structural differentiation in patients with low back-related leg pain (n =
111) (Vroomen et al., 2000; Walsh and Hall, 2009b) (Fig. 3A). 
Meta-analysis showed substantial inter-rater reliability for this defini-
tion of a positive SLR in “mixed” samples of participants (n = 170) 
(Strender et al., 1997; Bertilson et al., 2006; Billis et al., 2012; Pesonen 
et al., 2021) (Fig. 3B). 

3.3.2. SLR provokes symptoms without structural differentiation 
Intra-rater reliability for identifying a positive SLR based on 

provocation of symptoms without structural differentiation in patients 
with low back-related leg pain was moderate to substantial (n = 78) 
(Poiraudeau et al., 2001). Inter-rater reliability was slight to moderate 
(n = 169) (Vroomen et al., 2000; Poiraudeau et al., 2001) (Fig. 4A). 
Meta-analysis for inter-rater reliability was not possible because Poir-
audeau et al. (2001) did not report adequate data to calculate variance 
and the authors could not be reached. Meta-analysis showed fair 
inter-rater reliability for this definition of a positive SLR in “mixed” 
samples of participants (n = 113) (McCombe et al., 1989; Billis et al., 
2012) (Fig. 4B). 

3.3.3. SLR provokes pain below the knee without structural differentiation 
No studies on patients with low back-related leg pain reported reli-

ability for identifying a positive SLR based on provocation of pain below 
the knee without structural differentiation. Meta-analysis showed fair 
inter-rater reliability for this definition of a positive SLR in “mixed” 
samples of participants (n = 132) (McCombe et al., 1989; van den 
Hoogen et al., 1996) (Fig. 5). 

3.3.4. SLR provokes low back and/or lower extremity pain without 
structural differentiation 

Vroomen et al. (2000) reported slight inter-rater reliability for 

Fig. 2. Summary of risk of bias for each item on the Quality Appraisal Tool for Studies of Diagnostic Reliability (QAREL).  
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identifying a positive SLR based on provocation of lower extremity pain 
without structural differentiation in patients with low back-related leg 
pain (n = 91) (Fig. 6A). 

Two studies on “mixed” samples of participants (n = 98) reported 
intra-rater and inter-rater reliability for identifying a positive SLR based 
on provocation of pain in the buttock or more distally (Paatelma et al., 
2010), and inter-rater reliability when a positive SLR was defined as 
provocation of back and lower extremity pain (“sciatic stretch”) 
(McCombe et al., 1989). Intra-rater reliability was moderate while 
meta-analysis showed fair inter-rater reliability (Fig. 6B). 

3.3.5. SLR provokes pain below a ROM threshold without structural 
differentiation 

Vroomen et al. (2000) reported fair inter-rater reliability for identi-
fying a positive SLR based on provoking onset of pain below 45◦ in 
patients with low back-related leg pain (n = 91) (Fig. 7A). Waddell et al. 
(1982) reported fair inter-rater reliability for identifying a positive SLR 
based on pain tolerance below 75◦ in a “mixed” sample of participants 
(n = 30) (Fig. 7B). 

3.3.6. Crossed SLR 
Intra-rater reliability for identifying a positive crossed SLR based on 

provocation of low back and/or lower extremity symptoms in patients 
with low back-related leg pain was moderate to substantial (n = 78) 
(Poiraudeau et al., 2001). Inter-rater reliability was fair to moderate (n 

= 169) (Vroomen et al., 2000; Poiraudeau et al., 2001) (Fig. 8A). 
Meta-analysis for inter-rater reliability was not possible because of 
previously stated issues regarding Poiraudeau et al. (2001). 

Inter-rater reliability for this definition of a positive crossed SLR in 
two “mixed” samples of participants was virtually none to moderate (n 
= 83) (McCombe et al., 1989) (Fig. 8B). No data were reported to pro-
vide insight into the large discrepancy in inter-rater reliability between 
the surgeon (moderate) and surgeon/physiotherapist (virtually none) 
rater pairs. Meta-analysis was therefore not performed. 

3.3.7. Measuring SLR ROM 
Walsh and Hall (2009a) reported moderate to substantial inter-rater 

reliability for measuring SLR ROM in the asymptomatic and symptom-
atic limbs, respectively, in patients with low back-related leg pain (n =
20) (Table 4A). Corresponding SDD95 values ranged from 16 to 20◦

(Table 4A). 
Three studies reported intra-rater (Chow et al., 1994) or inter-rater 

(Waddell et al., 1992; Boland and Adams, 2000) reliability for 
measuring SLR ROM in “mixed” samples of participants (n = 91). 
Intra-rater reliability for measuring SLR ROM in the symptomatic limb 
was substantial with an intra-session SDD95 value of 6.1◦ (Table 4B). The 
pooled estimate of inter-rater reliability for measuring SLR ROM in the 
symptomatic limb was substantial with an intra-session SDD95 value of 
17.7◦ (Boland and Adams, 2000) (Table 4B). Although Waddell et al. 
(1992) reported substantial inter-rater reliability for measuring SLR 

Table 3 
Confidence in the evidence for inter-rater reliability for definitions of a positive SLR or crossed SLR 
commonly used to detect lumbar radicular pain. 
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ROM, results were reported for right and left limbs, rather than 
asymptomatic and symptomatic limbs (Table 4B). Furthermore, no data 
for calculating absolute reliability (measurement error) were reported. 
The authors could not be reached. Consequently, no meta-analysis was 
performed on data from Boland and Adams (2000) and Waddell et al. 
(1992). 

Boland and Adams (2000) also reported inter-rater reliability for 
measuring ROM during a modified SLR where ankle dorsiflexion pre-
ceded hip flexion (n = 35). The pooled estimate of inter-rater reliability 
was substantial with a SDD95 of 16.9◦ (Table 4B). 

4. Discussion 

This systematic review summarized SLR and crossed SLR reliability 
in patients with suspected lumbar radicular pain. In samples including 
only participants with low back-related leg pain, applicability of reli-
ability data was limited by most participants having severe symptoms 
that warranted hospitalization or bed rest or by small samples. Supple-
mental analyses were therefore performed on “mixed” samples of par-
ticipants with low back-related leg pain or low back pain only. Findings 
were typically consistent between primary and supplemental analyses. 
Confidence in the evidence for definitions of a positive SLR or crossed 
SLR commonly used to detect lumbar radicular pain was moderate to 
very low. Inter-rater reliability for identifying a positive SLR was mod-
erate (low back-related leg pain samples) to substantial (“mixed” sam-
ples) when a positive test provoked the patient’s symptoms and those 
symptoms changed with structural differentiation. Large errors occurred 

when different clinicians measured SLR range of motion on the same 
patient. 

Interpreting test reliability requires additional context provided by 
diagnostic performance data (Fritz and Wainner, 2001). As stated pre-
viously, systematic reviews suggest the SLR performs poorly in diag-
nosing lumbar radicular pain (van der Windt et al., 2010; Scaia et al., 
2012; Tawa et al., 2017; Mistry et al., 2020). When described, the most 
common definition of a positive test was provocation of pain/symptoms 
below the knee. Structural differentiation was rarely used, and these 
reviews did not address whether structural differentiation impacted 
diagnostic performance. Our meta-analyses showed that provoking pain 
below the knee without structural differentiation had fair reliability 
(Fig. 5) while provoking a patient’s specific symptoms and changing 
those symptoms with structural differentiation had at least moderate 
reliability (Fig. 3). Limitations in SLR reliability therefore seem less 
likely to be the main reason for this poor diagnostic performance. 

Categorizing patients as having lumbar radicular pain typically relies 
on findings from a full clinical examination. Using history and physical 
examination to diagnose nerve root involvement in patients with low 
back-related leg pain in primary care has only slight inter-rater reli-
ability (Kappa 0.35; 95%CI 0.07, 0.63) (Stynes et al., 2016). However, 
reliability was more acceptable when clinicians had greater confidence 
in their diagnosis. The authors did not explore factors associated with 
clinicians’ diagnostic confidence. It is therefore unclear whether a more 
reliable definition of a “positive” SLR that incorporates structural dif-
ferentiation would improve diagnostic confidence and consistency in 
categorizing patients as having lumbar radicular pain. 

Fig. 3. Reliability for categorizing SLR as positive or negative based on provocation of symptoms with structural differentiation.  
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Wide-ranging estimates of inter-rater reliability for identifying a 
positive crossed SLR prevent definitive conclusions about test reliability. 
Part of the difficulty in estimating crossed SLR reliability is that a low 
prevalence of positive tests can deflate Kappa values (Sim and Wright, 
2005). A low prevalence of positive tests was evident in this review 
(Fig. 8). Even though data suggest a positive crossed SLR helps identify 
lumbar radicular pain related to disc herniation (van der Windt et al., 
2010; Stynes et al., 2018), lack of clarity about inter-rater reliability 
requires caution when using this test to confirm this diagnosis. 

Despite substantial relative reliability, absolute reliability between 
raters for measuring SLR ROM in the symptomatic limb is poor. Corre-
sponding SDD95 values ranged from 13 to 20◦ (Table 4). This means that 
SLR ROM measurements on the same patient obtained by two clinicians 
can differ by up to 20◦ because of measurement error. Measurement 
error is therefore a significant barrier to establishing a ROM threshold 
for defining a positive SLR. 

SLR ROM is sometimes used as an outcome to assess treatment effects 

for nerve-related back and leg pain (Basson et al., 2017; Pourahmadi 
et al., 2019). Several questions may need consideration if this practice is 
to continue. Is SLR ROM a relevant outcome for patients? Although SLR 
ROM improvements of more than 6◦ within a treatment session are 
unlikely to be due to measurement error (Chow et al., 1994) (Table 4), 
how much within-session change in SLR ROM is clinically important? 
How much error occurs when the same clinician measures SLR ROM on 
different days and what constitutes a clinically important 
between-session change in SLR ROM? 

Assessing risk of bias with QAREL was affected by incomplete 
reporting in many studies. For inter-rater reliability, failure to use 
structural differentiation to define a positive SLR was a common risk of 
bias. Even when structural differentiation was used, studies usually did 
not clearly describe whether the location of SLR-provoked symptoms 
dictated the chosen structural differentiation manoeuvre. Future studies 
should provide these details to allow judgment of the quality of the 
structural differentiation process. Other common risks of bias were lack 

Fig. 4. Reliability for categorizing SLR as positive or negative based on provocation of symptoms without structural differentiation.  
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Fig. 5. Reliability of categorizing SLR as positive or negative based on provocation of pain below the knee without structural differentiation.  

Fig. 6. Reliability of categorizing SLR as positive or negative based on provocation of low back and/or lower extremity pain without structural differentiation.  
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Fig. 7. Reliability of categorizing SLR as positive or negative based on provocation of pain below a ROM threshold without structural differentiation.  

Fig. 8. Reliability of categorizing crossed SLR as positive or negative based on provocation of low back and/or lower extremity symptoms.  

R.J. Nee et al.                                                                                                                                                                                                                                   



Musculoskeletal Science and Practice 59 (2022) 102529

14

of clarity about blinding raters to findings of other raters, failure or lack 
of clarity about varying the order of raters, and lack of clarity about a 
suitable time interval between examinations. Except for structural dif-
ferentiation, these issues affected a relatively small proportion of 
included studies (Table 2, Fig. 2). However, they impacted most esti-
mates of inter-rater reliability for identifying a positive SLR or crossed 
SLR because three studies (McCombe et al., 1989; Vroomen et al., 2000; 
Poiraudeau et al., 2001) provided data for multiple definitions of a 
positive test (Figs. 3–8). This illustrates the importance of reporting 
potential risks of bias for each reliability outcome, not just for each study 
included in the review or each item on the assessment tool (Büttner 
et al., 2020). Additional risks of bias for intra-rater reliability were lack 
of clarity about blinding raters to own prior findings and to additional 
cues about participants. Incomplete reporting may be due to most 
studies being published prior to the dissemination of QAREL (Lucas 

et al., 2010) and Guidelines for Reporting Reliability and Agreement 
Studies (GRRAS) (Kottner et al., 2011). Future reliability research 
should incorporate these resources into study design and reporting of 
results. 

Limitations of our review need to be acknowledged. Only MEDLINE 
and CINAHL were searched and there was no search of grey literature. 
However, we believed these were the two most relevant databases based 
on our familiarity with SLR test literature. The comprehensiveness of the 
search strategy is supported by the fact that only two of the included 
studies (Waddell et al., 1982; Billis et al., 2012) were not identified by 
database searches. Only English language studies were included because 
we did not have translation resources. There is not established meth-
odology for applying GRADE principles when judging confidence in the 
evidence for reliability outcomes. Consistent with GRADE principles, we 
have been transparent about the decision-making process for judging 

Table 4 
Relative and absolute reliability for measuring SLR ROM. 
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confidence in the evidence (Guyatt et al., 2011; Santesso et al., 2016). 
Researchers and clinicians should consider this information when 
interpreting our results. Lastly, the small number of studies for various 
reliability outcomes may have biased estimates of statistical heteroge-
neity and prevented assessment of publication bias. 

5. Conclusions 

Reliability data suggest clinicians should use structural differentia-
tion manoeuvres during SLR testing. Lack of clarity about crossed SLR 
reliability means this test should be interpreted cautiously. Measure-
ment error likely prohibits using SLR ROM for clinical decision-making. 
Confidence in the evidence for SLR and crossed SLR reliability could 
increase if future research adheres to published guides for improving 
reliability study design and reporting. 
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