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Abstract
Background: The straight leg raise (SLR) is the most commonly applied physical tests on patients with
sciatica, but the sensitivity and specificity ratings for disc hernia and neural compression leave areas for
improvement. Hip internal rotation tensions the lumbosacral nerve roots and ankle dorsiflexion tensions
the sciatic nerve along its course. We added these movements to the SLR (extended SLR=ESLR) as
structural differentiators and tested inter-rater reliability in patients with LBP, with and without sciatica.

Methods: Forty subjects were recruited to the study by the study controller (SC), 20 in the sciatic group
and in the control group. Two independent examiners (E1&E2) performed the ESLR and did not
communicate to the subjects other than needed to determine the outcome of the ESLR. First, SLR was
performed traditionally until first responses were evoked. At this hip flexion angle, a location-specific
structural differentiation was performed to confirm whether the emerged responses were of neural origin.
Cohen’s Kappa score (CK) for interrater reliability was calculated with sensitivity and specificity to detect
sciatic patients was calculated.

Results: CK of the ESLR result between the independent examiners was 0.85. CK between SC/E1 was
0.90, and 0.95 between SC/E2. Sensitivity and specificity to detect sciatic patients were 0.95 and 0.98,
respectively.

Conclusions: ESLR with the addition of location-specific structural differentiation is a reliable and
repeatable tool in discerning neural symptoms from musculoskeletal in patients with radiating low back
pain. We recommend adding these movements to the standard SLR with aim of improving diagnostic
efficacy.

Background
Low back pain (LBP) is a common musculoskeletal ailment worldwide in which radiating leg pain is
present in approximately 60% of the patients [1]. Referred pain into the lower extremity is often called
sciatica, since it follows the course of the sciatic nerve. Even though there are many possible causes of
the radiating pain of sciatica, a commonly considered aspect is mechanical compression of the nerve
roots that form the sciatic nerve due to lumbar intervertebral disc herniation [2].

The straight leg raise (SLR) test is the most commonly performed physical test for diagnosis of sciatica
and lumbar disc hernia [3]. The SLR is considered positive when it evokes radiating pain along the course
of the sciatic nerve and below the knee between 30–70 degrees of hip flexion [2]. Studies of its capacity
to diagnose lumbar disc hernia show high sensitivity but heterogeneous/low specificity [3, 4]. The
reference standard has usually been magnetic resonance imaging (MRI) and occasionally
electrodiagnosis, in which imperfect diagnostic efficacy may link to heterogeneity in the interpretation of
the test.



Page 3/12

Bragard test is a modification of the SLR, where ankle dorsiflexion is applied at the end of the SLR.
Dorsiflexion reduces the SLR angle at which the test is positive [5] and can be used to discern neural
symptoms from musculoskeletal [2]. However, problems with this exist: there is no clear procedural
definition and it is unclear whether it applies above 70 degrees. In addition, research on Bragard test is
sparse. There is some evidence it increases specificity for detection of sciatic symptoms [6], but its
reliability and repeatability have not been studied.

To understand the value (application and effectiveness) of the SLR, it is imperative to acknowledge
problems with the reference standards. The prevalence of asymptomatic disc hernias on MRI is high [7],
radiologically detected nerve root compression does not always coincide with a ‘positive’ SLR nor clinical
symptoms [8, 9] and electrodiagnostic tests do not always detect nerve root lesions [10]. Herein also lies
the issue in the literature: The reference standard against which the tests are compared may be imperfect
which could render interpretation of the SLR erroneous.

The SLR moves the sciatic nerve up to the nerve roots and a positive test may arise from problems
anywhere along this course – thigh, buttock, and spine [11, 12]. With published data on neural movement
during the SLR (with or without pathology) [9, 13–17], and the fact that sciatic symptoms can be caused
variously, we modified the SLR to address these issues.

As low specificity of SLR may be linked to heterogeneity in its interpretation, we addressed the above
problems by defining the application and interpretation of an extended SLR (ESLR) for it to detect sciatic
patients. We tested ESLR’s interrater reliability to ascertain if hip internal rotation and ankle dorsiflexion
would produce consistent responses in patients with LBP, with and without sciatica.

Methods
The institutional ethics committee granted ethical approval for this study. Subjects were given
information about the study and they gave written consent to participate and were able to withdraw from
the study at any time. The protocol for this study was designed in accordance with recommendations for
reproducibility studies for diagnostic procedures [18] and followed the Declaration of Helsinki.

Setting and study population
Forty subjects were recruited to the study, 20 to each sciatica and control groups. We recruited subjects to
the study of consecutive patients as they appeared in the institutional spine center. The Study Controller
initially examined all patients and recruited them after performing a clinical examination with a thorough
patient history. This was done to determine which patients were likely to have exhibited sciatica and a
lumbar nerve root disorder affecting the possible mechanosensitivity and/or mechanical behavior of the
lumbosacral nerve roots. The sciatic symptoms were not required to reach below the knee. The subjects
allocated to sciatic group were selected using a combination on patient history and clinical findings to
detect sciatic patients [19, 20]. The subjects included in the control group reported pain in one or more
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regions of the low back, greater trochanter and/or hip with or without tightness in the posterior thigh.
Complete inclusion and exclusion criteria are shown in Table 1.

Table 1
Exclusion and inclusion criteria

Exclusion criteria:

• Known spinal tumor or malignancy

• Incomplete and/or painful knee extension

• Previously known other joint involvement, such as rheumatoid arthritis or already recognized
metabolic bone disease

• Age more than 65 years or younger than 18 years

Sciatic group - Inclusion criteria:

• A combination of sciatic symptoms and clinical findings indicative of sciatica

• A ‘positive’ ESLR at clinical examination by study controller

• Radiating pain to lower limb either below or above the knee

• Subjects’ consent to participate

• No present exclusion criteria at the time of testing

Control group – Inclusion criteria:

• Local low back pain, greater trochanteric/hip/groin pain, with or without hamstring tightness

• No signs of sciatica in clinical examination

ESLR = Extended straight leg raise test

Two independent examiners (physiatry residents; Examiner 1 and Examiner 2) - blinded from each other’s
results - performed the ESLR on the subjects and did not communicate with them other than absolutely
necessary to determine the possible reproduction/provocation of the symptoms during the procedure.

Extended Straight Leg Raise Procedure
The ESLR procedure started the similar way as the traditional SLR. The subjects lay supine and with their
head in neutral position supported by a standard pillow. The examiner was positioned facing the patient
on the same side of the bed as the lifted limb. The examiner’s hands were positioned proximally
immediately above patella and distally behind the calf/Achilles tendon. With this grip, the subject’s leg
was lifted passively towards 90˚with the hip in neutral rotation, knee fully extended and ankle left free,
continuing until the first symptoms emerged or symptoms at rest were increased by 30%. In case no
responses were evoked, the SLR was ceased at 90˚. The patient was informed by the Study Controller to
report emerging responses both vocally and by pointing out the area to Examiner. With the sciatic group,
ESLR was performed only on the symptomatic side, while in the control group the Study Controller
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selected the tested side randomly. At the hip flexion angle of evoked responses, a structural differentiation
movement (hip internal rotation or ankle dorsiflexion) based on the location of the evoked responses
(proximal = buttock/hamstring, or distal = below the knee) was performed to determine whether the
symptoms were of neural or musculoskeletal origin. These location-specific maneuvers emphasize nerve
movement in the relevant area without moving the adjacent musculoskeletal structures.

For subjects whose symptoms occurred in the gluteal and/or hamstring areas, the differentiating
movement was passive ankle dorsiflexion (i.e. distal differentiation). This was executed by moving the
examiner’s proximal hand from above the knee to the ball and toes of the foot while keeping the SLR
angle constant and dorsiflexing the ankle gently from neutral (loose) position to 90˚ of dorsiflexion (as in
Bragard test, Fig. 1). Ankle dorsiflexion applies tension to, and moves, the sciatic nerve distally without
moving biceps femoris muscle [21, 22]. For the proximal nerve movement for patients with distal
reproduction of symptoms (below the knee), hip internal rotation was used to differentiate the evoked
responses to be of neural origin [23]. This was performed with the same hand positioning as described
earlier with the SLR by turning the examiner’s wrists to produce internal rotation to the hip joint while
keeping the SLR angle at emerged responses stable and avoiding adduction of the hip (Fig. 2). In case the
SLR did not provoke any responses before or at 90˚ of hip flexion, the test was judged negative and no
structural differentiation was performed. If the subject’s symptoms evoked by the test increased by
structural differentiation, the ESLR was ruled to contain a neural aspect, and deemed ‘positive’.
Conversely, the test was deemed negative if the structural differentiation did not increase the SLR-
provoked symptoms.

Two aspects were required for a positive test: i) reproduction of the subject’s clinical symptoms during the
SLR, and ii) increase of those symptoms with differentiating movement (hip rotation or dorsiflexion). An
important remark with the ESLR is that it is imperative to perform the differentiating movement only at a
location that is anatomically different from the location of the emerged symptoms, i.e. proximal
symptoms ◊ distal differentiation, and vice versa. In case the differentiating movement was performed
on the same anatomical location as the evoked symptoms, it will likely cause some
symptoms/sensations on the site of provoked symptoms, which can be confused with as the worsening
of sciatic symptoms.

Statistical analysis
The data were analyzed using Microsoft Excel and IBM SPSS Statistics. The sample size of 40 was
required for the Kappa statistic to be significantly greater than 0.40 (assuming 80% power and 5%
significance) [18, 24]. Positive/negative findings of Study Controller and both Examiners 1 and 2 were
cross-tabulated and we used the Cohen’s Kappa statistic was used for interrater reliability between the
examiners for the ESLR result. Fleiss’ Kappa with 95% confidence intervals (95%CI) was calculated to
assess interrater reliability between the Study Controller and Examiners 1 and 2. Using the Study
Controller’s group allocation as the reference standard, we calculated sensitivity and specificity with
95%CI to detect sciatic subjects.
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Results
The study group consisted of 40 subjects, 25 women and 15 men: mean age was 41 years (range 22–
64 years), height 170 ± 9 cm (mean ± standard deviation), and weight 80 ± 23 kg. The mean ESLR angle
for the sciatic group was 60 ± 19˚ (range 30˚- 85˚) while control group’s mean ESLR angle was 84˚ ± 8˚
(range 70˚- 90˚).

The interrater agreement for the ESLR was almost perfect as measured by Cohen’s Kappa and Fleiss
Kappa (Table 2). For detection of sciatic subjects, both Examiner 1 and Examiner 2 showed high
sensitivity 0.95 (95%CI 0.73–1.00) and 0.95 (0.73–1.00) with high specificity 0.95 (0.73–1.00) and 1.00
(0.80–1.00), respectively. These translated to ESLR’s mean sensitivity and specificity of 0.95 and 0.98,
respectively. There were 3/40 subjects whose SLR result was not unanimous: 2 in the symptomatic group
(ESLR + 80˚ with both subjects) and one in the control group (hamstring tightness at 70˚).

Table 2. Interrater reliability results    

  E1 vs. SC E2 vs. SC E1 vs. E2

Cohen's Kappa for ESLR result 0.90 0.95 0.85

Overall agreement on ESLR result (%) 95.0 97.5 92.5

Fleiss' Kappa between E1 / E2 / SC (95%CI) 0.90 (0.75-1.00)    

Overall agreement on ESLR result (%) 95.0    

E1 = Examiner 1, E2 = Examiner 2, ESLR = Extended Straight Leg Raise Test, SC = Study controller,
95%CI = 95% Confidence intervals

Discussion
For the ESLR definition and location-specific structural differentiation movements (ankle dorsiflexion and
hip internal rotation), we showed excellent reliability because there was almost perfect agreement
between i) the blinded examiners and ii) the examiners and study controller.

The criticism of SLR has been about its heterogeneity in diagnosing lumbar disc hernia, particularly
specificity [3, 4]. This is likely due to an imperfect concept as to what the test measures. Many
mechanisms and pathologies can relate to radicular pain and the SLR: It is not only lumbar disc hernia
but also mechanosensitivity and/or impairment of neural movement, for whatever the cause. Again,
lumbar disc hernias are not always symptomatic. The SLR is indirect because it tests physical
mechanisms such as mechanical function (excursion) and sensitivity, not pathology or anatomical
changes, as noted also by Walsh and Hall [25].

We extended the SLR by adding differentiation movements to it based on the meticulous scientific data
on the effects of different components of the SLR to the nervous system [9, 13–17, 21]. Moreover, as the
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SLR is employed more than other tests in clinical practice worldwide with LBP, implementing on the
execution and interpretation of this test may create a more relevant impact in the scientific and clinical
community. By adding a differentiating maneuver to the SLR, a test capable of emphasizing neural
symptoms over musculoskeletal is created. These modifications were selected so the examiner can move
the nerves without moving the musculoskeletal structures at the site where the symptoms were provoked
[21–23]. Specifically, if there is mechanosensitivity or tension in the neural structures, neural movement
generated from asymptomatic musculoskeletal location causes the symptom aggravation by which it
can be separated from musculoskeletal symptoms. The near-perfect interrater agreement for the ESLR
not only increases the value of this test, but also reliability and repeatability in interpretation are of
paramount importance and represents the central part of this investigation.

Our subject sample reflects a realistic patient-care setting in a specialized spine clinic. We were able to
modify the SLR so that both clinical application and interpretation were reliable and repeatable, and
produced constant results between blinded examiners even without the knowledge of patient history,
imaging or other clinical tests. The addition of location-based differentiation movements (hip internal
rotation and ankle dorsiflexion) to the SLR produced high sensitivity and specificity for detection of
sciatic subjects.

This study was designed to test ESLR’s repeatability and interrater agreement on the test result rather
than testing how different variables predict the existence of a certain (pathologic) condition. This
knowledge can lead to a better recognition of patients with sciatic/neural ailments and in planning more
sophisticated and focused treatment protocols.

Conclusions
The extended SLR adds hip internal rotation and ankle dorsiflexion to apply more tension to the neural
tissues than the SLR. The ESLR is highly reliable in patients with LBP with or without sciatica, and
improves diagnostic efficacy for detection of a likely neural element. We recommend the ESLR to improve
diagnosis of a neural element to low back pain and sciatica.

Abbreviations
95%CI
95% confidence interval
ESLR
Extended straight leg raise test
LBP
Low back pain
MRI
Magnetic resonance imaging
SLR
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Straight leg raise test

Declarations
Ethics approval and consent to participate: All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical
standards. The study was approved by the Ethics Committee of Kuopio University Hospital (No.
13.02.00/943/2018). Each subject signed a written consent to participate to the study.

Consent for publication: Persons presented in the figures gave their written consent for publication of the
image.

Availability of data and materials: Not applicable

Conflicts of interest/Competing interests: The authors declare they have no competing or conflict of
interest.

Funding: No funding was received for conducting this study.

Authors contributions: All authors contributed to the study conception and design. Material preparation,
data collection and analysis were performed by JP, LK and JM. The first draft of the manuscript was
written by JP and all authors commented on previous versions of the manuscript. All authors read and
approved the final manuscript.

Acknowledgements: Not applicable

References
1. Konstantinou K, Dunn KM, Ogollah R, Vogel S, Hay EM. Characteristics of patients with low back and

leg pain seeking treatment in primary care: baseline results from the ATLAS cohort study. BMC
Musculoskelet Disord. 2015;16:332. https://doi.org/10.1186/s12891-015-0787-8.

2. Ropper AH, Zafonte RD. Sciatica. N Engl J Med. 2015;372:1240–8.
https://doi.org/10.1056/NEJMra1410151.

3. van der Windt DA, Simons E, Riphagen II, et al. Physical examination for lumbar radiculopathy due to
disc herniation in patients with low-back pain. Cochrane Database Syst Rev. 2010;2:CD007431.
https://doi.org/10.1002/14651858.CD007431.pub2. doi:CD007431.

4. Ekedahl H, Jönsson B, Annertz M, Frobell RB. Accuracy of Clinical Tests in Detecting Disk Herniation
and Nerve Root Compression in Subjects With Lumbar Radicular Symptoms. Arch Phys Med Rehabil.
2018;99:726–35. https://doi.org/10.1016/j.apmr.2017.11.006.

5. Boland RA, Adams RD. Effects of ankle dorsiflexion on range and reliability of straight leg raising.
Aust J Physiother. 2000;46:191–200. https://doi.org/10.1016/s0004-9514(14)60328-7.



Page 9/12

6. Homayouni K, Jafari SH, Yari H. Sensitivity and Specificity of Modified Bragard Test in Patients With
Lumbosacral Radiculopathy Using Electrodiagnosis as a Reference Standard. J Chiropr Med.
2018;17:36–43. https://doi.org/10.1016/j.jcm.2017.10.004.

7. Brinjikji W, Luetmer PH, Comstock B, et al. Systematic literature review of imaging features of spinal
degeneration in asymptomatic populations. AJNR Am J Neuroradiol. 2015;36:811–6.
https://doi.org/10.3174/ajnr.A4173 [doi].

8. Boyd BS, Wanek L, Gray AT, Topp KS. Mechanosensitivity of the lower extremity nervous system
during straight-leg raise neurodynamic testing in healthy individuals. J Orthop Sports Phys Ther.
2009;39:780–90. https://doi.org/10.2519/jospt.2009.3002.

9. Pesonen J, Rade M, Könönen M, Marttila J, Shacklock M, Vanninen R, Kankaanpää M, Airaksinen O.
Normalization of Spinal Cord Displacement With the Straight Leg Raise and Resolution of Sciatica in
Patients With Lumbar Intervertebral Disc Herniation: A 1.5-year Follow-up Study. Spine.
2019;44:1064–77. https://doi.org/10.1097/BRS.0000000000003047.

10. Mondelli M, Aretini A, Arrigucci U, Ginanneschi F, Greco G, Sicurelli F. Clinical findings and
electrodiagnostic testing in 108 consecutive cases of lumbosacral radiculopathy due to herniated
disc. Neurophysiol Clin. 2013;43:205–15. https://doi.org/10.1016/j.neucli.2013.05.004.

11. Martin HD, Kivlan BR, Palmer IJ, Martin RL. Diagnostic accuracy of clinical tests for sciatic nerve
entrapment in the gluteal region. Knee Surg Sports Traumatol Arthrosc. 2014;22:882–8.
https://doi.org/10.1007/s00167-013-2758-7.

12. Wang Q, Zhang H, Zhang J, Zhang H, Zheng H. The relationship of the shear wave elastography
findings of patients with unilateral lumbar disc herniation and clinical characteristics. BMC
Musculoskelet Disord. 2019;20:438. https://doi.org/10.1186/s12891-019-2814-7.

13. Rade M, Kononen M, Vanninen R, Marttila J, Shacklock M, Kankaanpaa M, Airaksinen O. 2014 young
investigator award winner: In vivo magnetic resonance imaging measurement of spinal cord
displacement in the thoracolumbar region of asymptomatic subjects: part 1: straight leg raise test.
Spine (Phila Pa 1976). 2014;39:1288–93. https://doi.org/10.1097/BRS.0000000000000263.

14. Rade M, Kononen M, Vanninen R, Marttila J, Shacklock M, Kankaanpaa M, Airaksinen O. 2014 young
investigator award winner: In vivo magnetic resonance imaging measurement of spinal cord
displacement in the thoracolumbar region of asymptomatic subjects: part 2: comparison between
unilateral and bilateral straight leg raise tests. Spine (Phila Pa 1976). 2014;39:1294–300.
https://doi.org/10.1097/BRS.0000000000000264.

15. Rade M, Shacklock M, Kononen M, Marttila J, Vanninen R, Kankaanpaa M, Airaksinen O. Normal
multiplanar movement of the spinal cord during unilateral and bilateral straight leg raise:
Quantification, mechanisms, and overview. J Orthop Res. 2017;35:1335–42.
https://doi.org/10.1002/jor.23385.

16. Rade M, Pesonen J, Kononen M, Marttila J, Shacklock M, Vanninen R, Kankaanpaa M, Airaksinen O.
Reduced Spinal Cord Movement With the Straight Leg Raise Test in Patients With Lumbar



Page 10/12

Intervertebral Disc Herniation. Spine (Phila Pa 1976). 2017;42:1117–24.
https://doi.org/10.1097/BRS.0000000000002235.

17. Bellier A, Latreche A, Tissot L, Robert Y, Chaffanjon P, Palombi O. Movements of the lumbo-sacral
nerve roots in the spinal canal induced by straight leg raising test: an anatomical study. Surg Radiol
Anat. 2018;40:1223–30. https://doi.org/10.1007/s00276-018-2084-3.

18. Patijn J. Reproducibility protocol for diagnostic procedures in Manual/Musculoskeletal Medicine.
Man Med. 2019;57:451–79. https://doi.org/10.1007/s00337-019-00581-5.

19. Genevay S, Courvoisier DS, Konstantinou K, et al. Clinical classification criteria for radicular pain
caused by lumbar disc herniation: the radicular pain caused by disc herniation (RAPIDH) criteria.
Spine J. 2017;17:1464–71. https://doi.org/10.1016/j.spinee.2017.05.005.

20. Stynes S, Konstantinou K, Ogollah R, Hay EM, Dunn KM. Clinical diagnostic model for sciatica
developed in primary care patients with low back-related leg pain. PLoS ONE. 2018;13:e0191852.
https://doi.org/10.1371/journal.pone.0191852.

21. Boyd BS, Topp KS, Coppieters MW. Impact of movement sequencing on sciatic and tibial nerve strain
and excursion during the straight leg raise test in embalmed cadavers. J Orthop Sports Phys Ther.
2013;43:398–403. https://doi.org/10.2519/jospt.2013.4413.

22. Bueno-Gracia E, Pérez-Bellmunt A, Estébanez-de-Miguel E, López-de-Celis C, Shacklock M, Caudevilla-
Polo S, González-Rueda V. Differential movement of the sciatic nerve and hamstrings during the
straight leg raise with ankle dorsiflexion: Implications for diagnosis of neural aspect to hamstring
disorders. Musculoskelet Sci Pract. 2019;43:91–5. https://doi.org/10.1016/j.msksp.2019.07.011.

23. Breig A, Troup JD. Biomechanical considerations in the straight-leg-raising test. Cadaveric and
clinical studies of the effects of medial hip rotation. Spine (Phila Pa 1976). 1979;4:242–50.
https://doi.org/10.1097/00007632-197905000-00011.

24. Sim J, Wright CC. The kappa statistic in reliability studies: use, interpretation, and sample size
requirements. Phys Ther. 2005;85:257–68.

25. Walsh J, Hall T. Agreement and correlation between the straight leg raise and slump tests in subjects
with leg pain. J Manipulative Physiol Ther. 2009;32:184–92.
https://doi.org/10.1016/j.jmpt.2009.02.006.

Figures



Page 11/12

Figure 1

Distal structural differentiation for proximal symptoms with ankle dorsiflexion (also known as Bragard
test)
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Figure 2

Proximal structural differentiation for distal symptoms with hip internal rotation


