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Abstract 1 

Objective: To provide a comprehensive overview of clinical tests associated with functional lumbar segmental instability 2 

and motor control impairment in patients with low back pain (LBP) and to investigate their intra and/or inter-rater 3 

reliability.  4 

Data sources: A systematic computerized search was conducted in four different databases on the 1
st

 of December 2015: 5 

Pubmed (1972 -  ) , Web of Science (1955 - ), Embase (1947 - ), Medline ( 1946 - ). 6 

Study selection: PRISMA guidelines were followed during design, search and reporting stages of this review. The included 7 

population are patients with primary LBP. Data was extracted as follows: (1) description and scoring of the clinical tests (2) 8 

population characteristics (3) in- and exclusion criteria (4) description of the used procedures (5) results for both intra- and 9 

inter-rater reliability and eventually (6) notification on used statistical method. The risk of bias (ROB) of the included articles 10 

was assessed with the use of the COSMIN checklist.  11 

Data synthesis: A total of 16 records were eligible and 30 clinical tests were identified. All included studies investigated 12 

inter-rater reliability and three studies investigated intra-rater reliability. The identified Inter-rater reliability scores ranged 13 

from poor to very good (k-0.09-0.89 and ICC 0.72-0.96) and the Intra-rater reliability scores ranged from fair to very good (k 14 

0.51-0.86). 15 

Conclusions: Three clinical tests (aberrant Movement pattern, prone instability test and the beighton scale) could be 16 

identified for having an adequate inter-rater reliability. No conclusions could be made for intra-rater reliability. However, 17 

further research should focus on better study designs, provide an overall agreement for uniformity and interpretation of 18 

clinical tests and should implement research regarding validity.  19 

Keywords: low back pain, reliability, motor control impairment, lumbar segmental instability, clinical test 20 
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Abbreviations 30 

LBP: Low back pain 31 

LSI: Lumbar segmental instability 32 

MCI: motor control impairment 33 

ROB: risk of bias  34 

ICC: intraclass correlation coefficient  35 

GRADE: Grading of Recommendations Assessment, Development and Evaluation 36 
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 62 

Patients with low back pain (LBP) form a large and heterogeneous population
1
. However, patients who are diagnosed with 63 

functional lumbar segmental instability (LSI) associated to motor control impairment (MCI) are considered as a unique 64 

subgroup within this LBP population
2
. Throughout the last two decades there has been an increasing awareness of the 65 

importance and relevance of the specialized and integrated action of the muscle system in maintaining stability and optimal 66 

function of the movement system
3
. A dysfunction of the lumbar local stabilizer system might result in MCI which is 67 

associated with a loss of control of joint neutral position and might result in functional LSI
4
.  68 

It is important to note that a difference has to be made between radiological LSI and functional LSI. Functional LSI can be 69 

present and cause LBP despite the presence of any radiological anomaly. Also, these two categories of instability do not 70 

seem to be correlated very well
5
.  71 

Because of the significant size of this identified subgroup, clinical tests which assess functional LSI and MCI are widely used 72 

among many health care workers. However, a genuine consensus with regard to the best method to be used is lacking up to 73 

this point
5
.  74 

As new tests are developed, testing for reliability is considered before validity as a test cannot be considered valid if the 75 

results turn out to be inconsistent
6
. Therefore, to determine functional LSI and MCI in individual patients with LBP, reliable 76 

outcome measures need to be available
7
. Once sufficiently reliable outcome measures are identified they can form a base 77 

for further research regarding validity.  Eventually, this process can lead to objectively subgrouping patients with LBP which 78 

in turn can enable clinicians to establish a tailor-made management strategy
8
.  79 

An important advantage of these clinical tests is that they can be performed without any additional (expensive) devices. 80 

Consequently, they can be considered as a cost-effective method to evaluate pain and disability in patients with LBP.   81 

The aim of this study is to provide a comprehensive overview of all clinical tests associated to functional LSI and MCI in 82 

patients with LBP and to investigate their inter- and/or intra-rater reliability.  83 

Methods 84 

A systematic literature review was conducted according to the PRISMA guidelines
9
. 85 

Data sources and search strategy 86 

A systematic computerized search (Appendix 1) was conducted by one author in 4 different databases on the 1
st

 of 87 

December 2015: Pubmed (1972 - ) , Web of Science (1955 - ), Embase (1947 - ), Medline ( 1946 - ). To reduce the search 88 

bias, the search strategy was conducted using Medical Subject Headings (MeSH terms). A brief search in ClinicalTrials.gov 89 

was conducted to identify any possible ongoing studies. Identified records were uploaded into Endnote (Thomas Reuters), 90 

and duplicates were removed. Two independent researchers selected studies for inclusion in a two-step process. First, 91 

articles were screened based on title and abstract. If there was no consensus between the two reviewers, the article was 92 

included into the second stage without deliberation. The second stage, the screening on full text, was also conducted 93 
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independently by both reviewers. In case of disagreement, the reviewers came to a consensus during a deliberation 94 

session.  95 

Study selection 96 

The included population are patients with primary LBP. The current review will include studies concerning the reliability of 97 

clinical tests associated with functional LSI and/or associated with MCI. These clinical test have to be investigated for their 98 

reliability in patients with LBP. An overview of in-and exclusion criteria are shown in Text Box 1.  99 

Data extraction 100 

Relevant data was extracted as follows: (1) description and scoring of the clinical tests (2) population characteristics (3) in- 101 

and exclusion criteria (4) description of the used procedures (5) results for both intra- and inter-rater reliability and 102 

eventually (6) notification on used statistical method. 103 

Risk of bias assessment 104 

The risk of bias assessment (ROB) of the included articles was independently assessed by two authors with the use of the 105 

COSMIN checklist which was developed in 2010 according to a Delphi study by international experts in health related 106 

measurement instruments
10

. The COSMIN checklist evaluates 10 possible psychometric property boxes. One of these boxes 107 

concern “reliability”, for which 14 questions need to be answered
11

. The COSMIN 4-point scale was used to assess the ROB 108 

for each question and enables an objective ROB scoring of articles in systematic reviews. The COSMIN checklist provides an 109 

option to calculate a final score. This final score is obtained by taking the lowest rating (namely the “worse score counts” 110 

algorithm). For each article, the final ROB is then rated as “excellent”, “good”, “fair”, or “poor”
12

. It was decided not to use 111 

this final score system since it might induce a bias in interpretation due to a too strict scoring system. Instead, individual 112 

scores on the different COSMIN subitems will be assessed and will decide if they form an important bias factor for this 113 

review.  114 

The current review will assess four factors to come to final conclusions for each clinical test (ROB, consistency, directness 115 

and precision). The “precision” factor assesses the sample sizes for each clinical test, and therefore the COSMIN subitem 116 

which investigates the included sample size will be excluded from the ROB.   117 

Reliability  118 

Reliability can be defined as the consistency of measurements, or of an individual’s performance on a test or of the absence 119 

of measurement errors
6
. Results from one subject examined by the same observer (intra-rater or test-retest reliability) or 120 

by several observers examining the same subject (inter-rater reliability) should stay consistent
6
. Nominal and ordinal 121 

unpaired data are often analyzed with Cohen’s or the weighted kappa (κ) coefficient
13

 . κ values may vary between -1 and 1. 122 
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Agreement can be interpreted as κ < 0.20 = poor, κ: 0.21-0.40 = fair, κ: 0.41-0.60 = moderate, κ: 0.61-0.80 = good, κ:0.81-1.0 123 

= excellent
14

. In some situations, when the prevalence of a given response to a test is either very high or very low, the 124 

interpretation of the k statistic does not satisfactorily reflect the true level of agreement
15

. Other statistical tools have been 125 

developed to account for this, such as the “prevalence-adjusted bias-adjusted κ” (PABAK), which corrects for this type of 126 

bias
16

.  Continuous data is often analyzed with intra class correlation coefficients (ICC)
13

. Whatever the type of ICC that is 127 

calculated, it is suggested that an ICC close to 1 indicates ‘excellent’ reliability. An ICC exceeding 0.70 indicates good 128 

reliability and an ICC below 0.70 indicates moderate to poor reliability
17

. 129 

Factors for final conclusions 130 

To come to final conclusions for each of the identified clinical tests, the current review will assess four factors which are all 131 

part of the Grading of Recommendations Assessment, Development and Evaluation (GRADE) method
18

: 132 

1) ROB: the outcome of the COSMIN checklist will be systematically used to guide interpretation of results. Included records 133 

with “excellent” and “good” scores throughout the different subitems will be given higher value to come to final 134 

conclusions than the ones with “fair” or “poor” outcome.  135 

2) Consistency: tests with at least a “good” or “excellent” kappa value and if applicable at least a “good” ICC value, will be 136 

taken into account to come to final conclusions. Also, higher value will be given to clinical tests which have been 137 

investigated by at least two independent authors.  138 

3) Directness: studies with similar population, similar test type (description); and similar outcome (kappa or ICC levels) are 139 

given higher value to come to final conclusions  140 

4) Precision: larger sample sizes or study population (especially if compiled from multiple publications) are part of the last 141 

factor that will decide the final conclusions for the current review.  142 

Results 143 

The database search strategy yielded 673 records. After removal of duplicates, 435 records were screened on title and 144 

abstract for eligibility with 55 records going through to the second screening phase. After screening on full text a total of 16 145 

19-34
 records were determined to be eligible (Figure 1). In total, 30 clinical tests were identified representing a total patient 146 

sample of 618 patients (Table 1). A detailed description for the interpretation and execution of each clinical test is provided 147 

within Supplemental File 1. 148 

Risk of bias assessment 149 
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Out of the 16 included studies, one study
26

 scored “excellent” or “good” on all subitems of the COSMIN checklist and 150 

therefore was identified as a low ROB study. A total of nine studies 
19,23-25,29,31-34

 scored at least at one occasion “fair” and 151 

six studies
20-22,27,28,30

 were rated at least one time as “poor” within one of the subitems of the COSMIN checklist (Table 2).  152 

Inter-rater reliability  153 

Results for inter-rater reliability are shown in table 1. All included articles assessed the inter-rater reliability of the identified 154 

clinical tests. A total of 21 clinical tests were investigated by a single author
20-22,25-30,34

. Out of the remaining nine clinical 155 

tests who were investigated by multiple authors, five tests were in agreement on inter-reliability (beighton scale, instability 156 

catch, posterior shear test, active straight leg raise and sitting knee extension test) 
20,22,24,26,27,30

 and four were not (prone 157 

instability test, aberrant movement pattern, reversal lumbopelvic rhythm and the passive lumbar extension 158 

test)
19,20,23,24,26,30,31,33

.  159 

1) Clinical tests described by multiple authors who were not in agreement for inter-rater reliability: First, The prone 160 

instability test has been described in seven studies (311 participants) and was mainly described as a good reliable test by 161 

Hicks et al
26

 (k=0.87), Fritz et al
24

 (k=0.69), Rabin et al
30

 (k=0.67) and Alyazedi et al
19

 (k 0.71). On the other hand, Schneider 162 

et al
33

 and Fritz et al
23

 rated the prone instability test as a moderate reliable test (k=0.46-0.54) and Ravenna et al
31

 rated is 163 

as being a poor reliable test (k 0.04-0.10). Second, The aberrant movement pattern  was investigated in six different studies 164 

(273 participants) and was mainly considered to have a good inter-rater reliability by Rabin et al
30

 (k=0.64), Biely et al
20

 165 

(k=0.68) and Alyazedi et al
19

 (k=0.79). Hicks et al
26

 scored the aberrant movement pattern as a moderate reliable test 166 

(k=0.60). Fritz et al rated this test as a poor inter-rater reliable test (k-0.07-0.18)
23,24

 Third, For the lumbopelvic rhythm test 167 

(94 participants), Biely et al
20

 rated a high kappa value (k=0.89) and Hicks et al
26

 rated a poor kappa value (k=0.16) and 168 

fourth, the passive lumbar extension test (70 participants) was rated by Alyazedi et al
19

 (k=0.46) as a moderate reliable test 169 

and as a good reliable test by Rabin et al
30

 (k=0.76). 170 

2) Clinical tests described by multiple authors who were in agreement for inter-rater reliability: First, good inter-rater 171 

reliability was found for the beighton scale (k=0.79 and ICC=0.72); 112 participants ; 2 studies
24,26

 and sitting knee extension 172 

test (k=0.72 and 0.96); 52 participants ; 2 studies 
22,27

. Second, Moderate inter-rater reliability was found for the active 173 

straight leg raise (k=0.39-0.53); 66 participants ; 2 studies 
30,32

 and Third, fair reliability was found for the instability catch 174 

(k=0.25-0.35); 94 participants ; 2 studies 
20,26

 and the posterior shear test (k=0.27-0.35); 112 participants ; 2 studies 
24,26

 .  175 

3) Clinical tests described by a single author: First, The painful arc (63 participants), sagittal deviation (31 participants), hip 176 

extension (42 participants), joint position sense (25 participants), sitting forward lean (25 participants), bent knee fall out (25 177 

participants), waiters bow (27 participants), rocking backward (27 participants), multifidus lift (32 participants) and the 178 

pelvic tilt test (27 participants) were all rated as tests with a good inter-rater reliability (k 0.61-0.81 and ICC 0.90-0.96) 179 
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20,22,25-28
. Second, Moderate inter-rater reliability was indicated for the prone knee bend extension (27 participants), prone 180 

knee bend rotation (27 participants), rocking forward (27 participants) and the lumbar extension load test (30 participants) 181 

with kappa values ranging from 0.47 to 0.58
27,30

. Third, The crook lying (27 participants) showed fair inter-rater reliability 182 

(k=0.38)
27

 and Fourth, The Gower sign (63 participants) and the active hip abduction test (30 participants) had a poor inter-183 

rater reliability (k-0.09-0.00)
26,30

. 184 

4) Clinical tests described by a single author but with inconsistent results for inter-rater reliability: First, For The single leg 185 

stance test, Loumajoki et al
27

 (27 participants) found a moderate inter-rater reliability for the right leg (k=43) and a good 186 

inter-rater reliability for the left leg (k=0.65). Second, For the thoracolumbar dissociation test,  Elgueta et al
21

 (20 187 

participants) found a good reliability pre training (k=0.66) and a moderate reliability post training (k=0.51). Third, Sedaghat 188 

et al
34

 (34 participants)  investigated the inter-rater reliability of manual palpation of the m. transversus abdominis during 189 

different functional movements. The reliability ranged from fair to poor (k=0.07-0.30)
34

 and Fourth, for palpation of the m. 190 

multifidus, Qvistgaard et al
29

 (60 participants) calculated a poor inter-rater reliability (k 0.12) for a perfect match and a 191 

moderate inter-rater reliability for an acceptable match (k=0.48).  192 

Intra-rater reliability  193 

Three studies investigated the intra-rater reliability, addressing the following clinical tests: the single leg stance (63 194 

participants), active straight leg raise (36 participants), sitting knee extension (27 participants), waiters bow (27 195 

participants), rocking backward (27 participants), pelvic tilt (27 participants), prone knee bend extension (27 participants), 196 

prone knee bend rotation (27 participants), rocking forward (27 participants), crook lying (27 participants) and 197 

thoracolumbar dissociation test (20 participants). All identified tests were investigated by a single author except for the 198 

single leg stance test but for this test, the two identified studies were in agreement with each other. Reliability values (k-199 

values) ranged from 0.67 to 0.95, indicating a good to very good intra-rater reliability
21,27,32

 except for the rocking backward 200 

test and the thoracolumbar dissociation test who were rated as being fair intra-rater reliable tests (k 0.51-0.78)
21,27

.   201 

Discussion 202 

The current review aimed to provide a complete overview of inter-and/or intra-reliability for clinical tests associated to 203 

functional LSI and MCI in patients with LBP. A total of 30 different clinical tests were identified. 204 

overall completeness and applicability of the evidence for inter-rater reliability 205 

A total of 21 clinical tests were investigated for inter-rater reliability by a single author
20-22,25-30,34

. Out of the remaining nine 206 

clinical tests who were investigated by multiple authors, five were in agreement on inter-rater reliability
20,22,24,26,27,30

 and 207 

four were not
19,20,23,24,26,30,31,33

. The clinical tests who were not in agreement between different authors will be further 208 

discussed:  209 
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First, the prone instability test was identified as a very good inter-rater reliable test (k=0.87) in the lowest ROB study, 210 

namely Hicks et al
26

. Two articles
19,24

 who rated the prone instability test as a good reliable test (k=0.69-0.71) both showed 211 

fair scores on the COSMIN subitem “handling missing items”. Three articles rated the PIT as a poor or moderate reliable test 212 

(k=0.04-0.54)
23,31,33

. Two of these studies showed “fair” COSMIN scores regarding the “time interval” question
23,33

 and two 213 

studies scored “fair” on the question for “handling missing items”
23,31

. In order to come to final conclusions, the GRADE 214 

method was further applied and more value was given to studies without flaws against the time interval. All outcome 215 

across the different studies was systematically calculated trough kappa calculations. The description of the prone instability 216 

test throughout the seven included articles was also very similar and the test results were based upon a large sample of 311 217 

patients who all had LBP.  Therefore, in the current review, the prone instability test is finally concluded to be a good inter-218 

rater reliable test. This is in slight contrast to the review of Ferrari et al
35

 who has previously rated the prone instability test 219 

as a moderate to good reliable test.  220 

Second, the aberrant movement pattern was scored by Hicks et al
26

 as a moderate reliable test (k=0.60). However, a kappa 221 

value of 0.60 can be considered as a borderline good reliable outcome since a kappa value of 0.61 is considered as good 222 

reliable and 0.60 is considered as moderate reliable. Three other authors
19,20,30

 identified the aberrant movement pattern as  223 

a good inter-rater reliable test (k=0.64-0.79). However, both Biely and Rabin et al
20,30

 failed to include a second 224 

measurement moment and were scored “poor” on this COSMIN subitem. Alyazedi et al
19

 on the other hand did show 225 

overall better COSMIN scores and only lost points on the “handling missing items” question. Two articles rated the aberrant 226 

movement pattern as a poor inter-rater reliable test, but it is important to note that these articles were both written by the 227 

same author (fritz et al
23,24

). One study scored “fair” on “time interval”
23

 and the other study scored “fair on the “handling 228 

missing items” question
24

. Next to the investigation of ROB and consistency of this clinical test, the two remaining factors of 229 

the GRADE method namely “directness” (The aberrant movement pattern was consistently described throughout the 230 

different included studies, only patients with LBP were evaluated and similar kappa calculations were used in all included 231 

studies) and “precision” (a total of 279 patients with LBP were included) helped to come to the final conclusion that the 232 

aberrant movement pattern can be considered as a moderate to good reliable clinical test. This result lies in contrast with 233 

Ferrari’s review
35

 who stated the aberrant movement pattern is only insufficient to moderate reliable. The current review 234 

enlarged the previous identified results with an extra three records representing an enlarged sample size of 131 patients.  235 

Third, for the passive lumbar extension test, inconclusive results might be explained because of a different interpretation 236 

between authors: a positive test is described by Rabin et al
30

 when LBP is elicited and by Alyazedi et al
19

 when a heaviness is 237 

felt or if the feeling as though the lower back were about to ‘come off’. These minor but significant differences might cause 238 

a different interpretation of a positive clinical test. In a review conducted by Ferrari et al
35

 the passive lumbar extension test 239 

was concluded as being the most suitable test for detecting functional LSI. This conclusion was however based upon a single 240 
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author (Rabin et al
30

). It is important to note that in the current review Rabin et al was identified with a “poor” COSMIN 241 

score for the subitem that investigates the presence of a second measurement moment. Also, this study included a low 242 

sample size of patients with LBP (n=30). In the current review, an additional article was identified namely Alyazedi et al
19

 243 

which included a larger sample size and was identified with overall higher COSMIN scores. However, Based on the four 244 

factors of de GRADE method, the current review cannot make a final conclusion regarding the passive lumbar extension test 245 

because both of the included authors interpreted the outcome different, a presence of ROB in the study described by Rabin 246 

et al
30

 and the inconclusive results regarding the reliability between both studies.  247 

Fourth, the above identified problem for the passive lumbar extension test was also noted for the lumbopelvic rhythm test. 248 

This might explain the major differences for reliability between the two included authors who investigated this test. Finally, 249 

because of the very low reliability outcome calculated by Hicks et al
26

 and the lower COSMIN scores in the other study 250 

(Biely et al
20

), the authors of the current review could not identify the lumbopelvic rhythm test as a good reliable test.  251 

Conclusively, good inter-rater reliability outcome was found for a total of 15 clinical tests (painful arc, gower sign, sagittal 252 

deviation, prone instability test, multifidus lift test, sitting knee extension test, beighton scale, hip extension test, joint 253 

position sense, sitting forward lean, bent knee fall out, waiters bow, rocking backward, aberrant movement pattern and the 254 

pelvic tilt test). However, it is questionable that high value should be given to clinical tests who were investigated by a single 255 

author. Also, the individual articles often included a low study sample where 3/16 articles included a sample size less than 256 

thirty patients, 9/16 articles included a sample size less than fifty patients and with a largest study sample of 63 patients. If 257 

all the factors of the GRADE method were being taken into account, the following tests could be identified for having an 258 

adequate inter-rater reliability: aberrant movement pattern, beighton scale and the prone instability test.  259 

The painful arc test has bas been assessed as a good reliable test in a low ROB design but has been investigated by a single 260 

author. For this reason, the painful arc has not yet been recommended as a good reliable test in the current review.  261 

overall completeness and applicability of the evidence for intra-rater reliability 262 

A total of ten clinical tests were investigated for intra-rater reliability by a single author
21,27,32

. The Single leg stance test was 263 

the only one which was investigated by two authors
27,32

 and both came to the same conclusions. The identified tests with 264 

good intra-rater reliability were: single leg stance, active straight leg raise, sitting knee extension, waiters bow, pelvic tilt, 265 

prone knee bend extension, prone knee bend rotation and the crook lying test. The single leg stance test was rated by two 266 

authors as a good/very good reliable test. However, Luomajoki et al
27

 failed to include a second measurement moment and 267 

included a low sample size of 27 patients with LBP. Roussel et al
32

 on the other hand showed better COSMIN scores, but 268 

included 36 patients which can also be seen as a relatively low patient sample. Also, an inconsistency in the description for 269 

this test between the two authors was found. For these reasons, the single leg stance could not yet be recommended as a 270 
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good reliable test in the current review. Intra-rater reliability was investigated in Carlsson’s review
36

 and similar results 271 

were noted in the current review. 272 

All included studies investigated inter-rater reliability
19-34

 and three studies investigated intra-rater reliability
27,32,34

. There 273 

seems to be a lack of interest towards the investigation of intra-rater reliability. This is in line with two previous conducted 274 

reviews
35,36

 who also reported on the reliability of clinical tests for the assessment of motor control impairment or 275 

functional LSI. A possible reason for this is that, in the literature, clinical tests are often used in randomized controlled trials, 276 

multicenter trials or applied by more than one researcher. Therefore, the importance of high and well investigated inter-277 

rater reliability seems to be more relevant if clinical tests are used for scientific research. In the clinical practice however, 278 

patients are often followed by the same health care worker and intra-rater reliability gains importance. Conclusively, 279 

additional studies addressing the intra-rater reliability of this are needed and recommended.  280 

Quality of the evidence 281 

To assess the ROB, the current study used the COSMIN checklist
10

. Out of the 16 included studies, one study was identified 282 

as having overall good COSMIN scores and therefore as having a low ROB
26

. The main reasons for higher ROB assessments 283 

in the remaining 15 studies are first, the lack of description of how missing data was handled (11/15); second, the lack of an 284 

implementation of two measurement moments (5/15) and third, issues regarding time interval between the two 285 

measurements (4/15) (table 2). The authors acknowledge the importance of these subitems. Firstly, if outcome within a 286 

reliability study is based upon a single measurement, it is questionable that these results are applicable in clinical practice. 287 

Secondly, the time interval between the administrations must be appropriate. Time interval should be long enough to 288 

prevent recall bias and short enough to ensure that patients have not been changed on the construct to be measured. 289 

Thirdly, the lack of description how missing data was handled is an important flaw within a study design however it is not 290 

necessarily a fatal flaw in a study
12

. Therefore, the authors of the current study decided to give more weight to flaws 291 

against the lack of a second measurement moment and time interval errors.  292 

It appears that the COSMIN assesses both internal and in part the external validity of a study as it includes adequate sample 293 

size as one of the ROB criteria. The GRADE method which assesses the “precision” factor (or imprecision to be more exact) 294 

is designed to assess if a sample size is adequate. This precision factor is usually a separate construct that relates to the 295 

external validity of studies and can be seen separate from systematic ROB (which normally assess internal validity) or 296 

random error. For this reason, the adequateness of the sample size was not used to downgrade a study for ROB, but rather 297 

to down or upgrade the cumulated data from multiple trials.  298 

Agreement and disagreement with other studies or reviews 299 
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The results of this review contribute to the literature since it gives new insights and adds to the information provided by 300 

two similar reviews: Ferrari et al
35

 searched the literature for only four predefined clinical tests and therefore had a 301 

different approach than the current review which aimed to give a complete overview of all described clinical test for the 302 

assessment of functional LSI associated to MCI. The second review by Carlsson et al
36

 seems to be comparable to the 303 

current study but identified eight eligible studies where this paper included 16 eligible papers. Carslsson et al discuss the 304 

limitations of their inclusion criteria and search strategy and state that they therefore might have missed other relevant 305 

articles. By applying a more comprehensive strategy in the current review we believe the chance of missing relevant articles 306 

is less.  307 

To our knowledge, this is a unique review on inter- and intra-rater reliability that contains additional information compared 308 

to previous reviews within the topic of clinical tests for the assessment of functional LSI associated to MCI.  309 

Study limitations and potential bias in the review process 310 

Apart from the brief search in the ClincalTrials.gov database, no additional search was performed for grey literature. The 311 

current review also solely included studies written in English. These two factors might have caused a potential publication 312 

bias. Even though we were able to identify an extra eight studies in the current review, a total of 21 clinical tests remain 313 

researched by a single author which makes it difficult to come to final conclusions. Another problem for formulating a 314 

strong conclusion or advice is that only one article could be rated as having overall “good” or “excellent” scores for all the 315 

subitems within the COSMIN checklist. Also, some tests seem to be slightly different interpreted and described within 316 

different studies which makes it difficult to compare study results. The current study included patients with diagnosed 317 

primary LBP. This sample remains a heterogeneous sample and therefore the general conclusions should be interpreted 318 

with caution. The current study tried to make a statement regarding the association for each test to LSI or MCI 319 

(supplemental online only file 1). It is important to note that this association is solely based on the information that was 320 

provided within the included studies. It gives an insight on the possible interpretation for each clinical test, but it does not 321 

say anything about validity. In order to truly investigate the association to LSI and MCI, future research should focus on the 322 

validity and responsiveness of the identified studies in the current review.   323 

Conclusions 324 

Inter-rater reliability is well investigated and based upon the previously described GRADE method three clinical tests could 325 

be concluded to have an adequate inter-rater reliability (prone instability test, aberrant movement pattern, beighton scale). 326 

The intra-rater reliability of the identified clinical tests in the current review is poorly investigated and no final conclusions 327 

could be made. Further investigation should focus on better study designs to improve the overall ROB assessment and 328 
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more research on the intra-rater reliability should be done. In the future, authors should also use identical protocols for the 329 

description of clinical tests in order to be able to generalize results and compare them in-between different studies.  330 

The assessment of reliability is only a first step in the recommendation process for the use of clinical tests. In future 331 

research, the identified clinical tests in the current review should be further investigated for validity in high quality studies. 332 

Only when the reliability, validity and responsiveness of a clinical test has been thoroughly investigated, a final conclusion 333 

regarding the clinical and scientific use of the identified tests can be made.  334 
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Appendix 1: Search strategy  

Search details: 

LBP AND Reliability AND Clinical test OR 

    Physical examination OR 

    Muscle test OR 

    Joint instability OR 

    Instability OR 

    Trunk instability OR 

    Core stability OR 

    Motor control OR 

Limits: none 
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Table 1: Reliability of identified clinical tests  
   Inter rater reliability  Intra rater reliability  

Identified clinical tests Author + year Specification of test K or ICC value Conclusion K or ICC value Conclusion 

Aberrant movements* Hicks 2003
26 

 k = 0.60 (95%CI 0.47-0.73), PA = 84% Moderate   

Fritz 2005
24 

 k = -0.07 (95%CI -0.45-0.31), PA = 87% Poor   

Fritz 2006
23 

 k = 0.18 (95%CI -0.07-0.43), PA = 59% Poor   

Alyazedi 2015
19 

 k = 0.79 (95%CI 0.39-1.19), PA = 98% Good   

Rabin 2013
30 

 k = 0.64 (95%CI 0.32-0.90), PA = 83% Good   

Biely 2014
20 

 k = 0.68 (95%CI 0.34-1.00), PA = 87% Good   

Prone instability test* Hicks 2003
26 

 k = 0.87 (95%CI 0.80-0.94), PA = 91% Very good   

Fritz 2005
24 

 k = 0.69 (95%CI 0.59-0.79), PA = 85% Good   

Fritz 2006
23 

 k = 0.52 (95%CI 0.29 - 0.75), PA = 78% Moderate   

Schneider 2008
33 

 

PIT test 1 (feet on the floor) 

PIT test 2 (feet off the floor) 

k = 0.54 (95%CI 0.27-0.81), PABAK = 0.58, PA = 79% 

k = 0.46 (95%CI 0.15-0.77), PABAK = 0.58, PA = 79% 

Moderate 

Moderate 

  

Ravenna 2011
31 

 

PIT acknowledged  

 

PIT ignored 

k = 0.10 (95%CI -0.27-0.47), PA = 63%, PABAK = 0.27(95%CI -

0.08-0.61), bias index 0.03, prevalence index = 0.43 

k = 0.04 (95%CI -0.34-0.42), PA = 73%, PABAK = 0.47 (95%CI 

0.15-0.78), bias index 0.00, prevalence index 0.67 

Poor 

 

Poor 

 

  

Alyazedi 2015
19 

 k = 0.71 (95%CI 0.45-0.98), PA = 90% Good   

Rabin 2013
30 

 k = 0.67 (95%CI 0.29-1.00), PA = 90% Good   

Beighton scale* Hicks 2003
26 

 k = 0.79 (95%CI 0.68-0.87) Good   

Fritz 2005
24 

 ICC = 0.72 (95%CI 0.50-0.85) Good   

Painful arc Hicks 2003
26 

Painful arc in flexion 

Painful arc on return 

k = 0.69 (95%CI 0;54-0.84), PA = 92% 

k = 0.61 (95%CI 0.44-0.78), PA = 90% 

Good 

Good 

  

Instability catch Hicks 2003
26 

 k = 0.25 (95%CI -0.10-0.60), PA = 92% Fair   

Biely 2014
20 

 k = 0.35 (95%CI 0.00-0.71), PA = 65% Fair   

Gower sign  Hicks 2003
26 

 k = 0.00 (95%CI -1.09-1.09), PA = 98%  Poor   

Reversal of lumbopelvic rhythm 

during  

Hicks 2003
26 

 k = 0.16 (95%CI-0.15-0.46), PA = 87% Poor   

Biely 2014
20 

 k = 0.89 (95%CI 0.69-1.0), PA = 96% Very good   

Posterior shear test Hicks 2003
26 

 k = 0.35 (95%CI 0.20-0.51), PA = 74% Fair   

Fritz 2005
24 

 k = 0.27 (95%CI 0.14-0.41), PA = 64% Fair   

Palpation transversus abdominis Sedaghat 2007
34 

crook lying/sitting 

closed chain lower limb movement 

trunk movement 

fast upper limb movement  

functional upper limb movement not able to perform 

functional upper limb movement able to perform 

for all palpations tests 

k = 0.07 (95%CI -0.26-0.40) 

k = 0.06 (95%CI -0.14-0.26)  

k = 0.23 (9%CI 0.11-0.35) 

k = 0.30 (95%CI 0.18-0.42) 

k = 0.30 (95%CI 0.12-0.48) 

k = 0.15 (95%CI -0.10-0.40) 

k weighted = 0.29 

Poor 

Poor 

Fair 

Fair 

Fair 

Poor 

Fair 

  

Palpation multifidus  Qvistgaard 2007
29 

perfect match 

acceptable match 

k = 0.12 

k = 0.48 

Poor 

Moderate 

  

Multifidis lift test  Hebert 2015
25 

L4-L5 no weight 

L4-L5 with weight 

L5-S1 no weight 

L5-S1 with weight 

k = 0.75 (95%CI 0.52-0.97), p<.001, PA = 86% 

k = 0.79 (95%CI 0.57-1.00), p<.001, PA = 90% 

k = 0.81 (95%CI 0.62-1.00), p<.001, PA = 91% 

k = 0.80 (95%CI 0.59-1.00),p<.001, PA = 90% 

Good 

Good 

Very good 

Good 

  

Single leg stance  Roussel 2007
32 

Left side 

Right side 

  k =0.83, p<.001 

k =0.75, p<.001 

Very good 

Good 

 Luomajoki 2007
27 

Right side 

Left side  

k = 0.43  

k = 0.65 

Moderate 

Good 

k = 0.67 

k = 0.84 

Good 

Very good 

Passive lumbar extension test  Alyazedi 2015
19 

 k = 0.46 (95%CI 0.20-0.72), PA = 73% Moderate    
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 Rabin 2013
30 

 k = 0.76 (95%CI 0.46-1.00), PA = 88% Good   

Active straight leg raise  Roussel 2007
32 

 

Breathing pattern left side 

Breathing pattern right side 

k weighted = 0.47, p<.01 

k weighted = 0.39, p.02 

Moderate 

Fair 

k weighted = 0.70, p<.001 

k  weighted = 0.71, p<.001  

Good 

Good 

 Rabin 2013
30 

 k = 0.53 (95%CI 0.20-0.84), PA = 76% Moderate   

Sagittal deviation  Biely 2014
20 

 k = 0.68 (95%CI 0.34-1.00), PA = 87% Good   

Sitting knee extension test Luomajoki 2007
27 

 k = 0.72 Good k = 0.95  Very good 

 Enoch 2011
22 

 ICC =  0.96 (95%CI 0.90-0.97) Good   

Hip extension test  Murphy 2006
28 

left leg 

right leg 

k = 0.72 

k = 0.76 

Good 

Good 

  

Joint position sense  Enoch 2011
22 

 ICC = 0.90 (95%CI 0.81-0.94) Good   

Sitting forward lean test  Enoch 2011
22 

 ICC = 0.96 (95%CI 0.92-0.98) Good   

Bent knee fall out test  Enoch 2011
22 

 ICC = 0.94 (95%CI 0.88-0.97 Good   

Waiters bow  Luomajoki 2007
27 

 k = 0.62 Good k = 0.88  Very good 

Rocking backward  Luomajoki 2007
27 

 k = 0.68 Good k = 0.51  Fair 

Pelvic tilt  Luomajoki 2007
27 

 k = 0.65 Good k = 0.80  Good 

Prone knee bend extension  Luomajoki 2007 
27 

 k = 0.47 Moderate k = 0.70  Good 

Prone knee bend rotation  Luomajoki 2007
27 

 k = 0.58 Moderate k = 0.78  Good 

Rocking forward  Luomajoki 2007
27 

 k = 0.57 Moderate k = 0.72  Good 

Lumbar extension load test  Rabin 2013
30 

 k = 0.47 (95%CI 0.14-0.78), PA = 74% Moderate   

Crook lying  Luomajoki 2007
27 

 k = 0.38 Fair k = 0.86  Very good 

Active hip abduction  Rabin 2013
30 

 k = -0.09 (95%CI -0.35-0.27), PA = 60% Poor   

Thoracolumbar dissociation  Elgueta 2014
21 

pre training 

 

post training 

k  weighted = 0.66 (95%CI 0.33-0.84) 

 

k  weighted = 0.51 (95%CI-0.03-0.79) 

Good 

 

Moderate 

k weighted = 0.56 

(95%CI0.17-0.86) 

k weighted = 0.78 

(95%CI0.58-0.93) 

Fair 

 

Good 

PIT: prone instability test, k: kappa, ICC: intra correlation coefficient, PA: percentage agreement, PABAK: prevalence and Bias Adjusted Kappa, 95%CI: 95% confidence interval, p: significance level 

*recommended clinical test for inter-rater reliability  
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Table 2: Overview of the risk of bias assessment with the COSMIN checklist 
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Percentage of missing items described? G E G G G G E G G E G G E G G G G 

Description of handling missing items? F F F F F G E G F G F F E F G F F 

At least two measurements? E P P E E E E E P E P E P E E E E 

Administrations independent? E N/A N/A E E E E E N/A E N/A G N/A E E E G 

Time interval stated? E N/A N/A E E F F E N/A E N/A F N/A E E F E 

Were patients stable in-between measurements?  E N/A N/A G G E G E N/A G N/A G N/A G G G G 

Time interval appropriate? E N/A N/A E E F F E N/A E N/A F N/A E E E E 

Conditions similar for both measurements? E N/A N/A E G G G E N/A G N/A G N/A G E G G 

Any important flaws in design? E E E E E E E E E E E E E E E E E 

ICC for continuous scores? N/A N/A N/A E E E N/A E N/A N/A N/A N/A N/A N/A N/A N/A E 

Kappa for dichotomous/ordinal/nominal scores? E E E N/A E E E E E E E E E E E E E 

Weighted kappa for ordinal scores? N/A N/A E N/A N/A E N/A E N/A E N/A N/A N/A N/A N/A N/A E 

Weighting scheme described for ordinal scores?  N/A N/A G N/A N/A G N/A E N/A E N/A N/A N/A N/A N/A N/A E 

E: excellent; G: Good; F: Fair; P: Poor; N/A: not applicable  
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Table 3: Included articles and risk of bias assessment  

 Author Reported clinical tests Demographic values In- and exclusion criteria 

1 Alyazedi 

2015
19

 

aberrant movements 

prone instability test  

passive lumbar extension test 

 

n=40 (25% women) 

mean age 35 years (SD 12.22) 

Inclusion: a new episode of LBP, experienced a similar episode of LBP before with the first episode occurring at least 3 months before the date of recruitment, 

currently LBP for at least 3 months  

Exclusion: previous spine surgery, history of traumatic fracture, scoliosis greater than 20°, pregnancy, inability to actively flex and extend the spine adequately, 

medical red flags 

2 Biely  

2014
20 

aberrant movements 

instability catch 

reversal of lumbopelvic rhythm 

sagittal deviation 

n=31 (48% women) 

mean age 44.4 years (SD 12.3) 

mean ODI 28 (SD 14.1) 

Inclusion: current episode of LBP that started within last 7 weeks and rated as 4 or greater on 11 point likert scale 

Exclusion: age under 25 or above 65, clinical signs of systemic illness, definitive neurologic signs (weakness or numbness), previous spinal surgery, diagnosed 

osteoporosis, stenosis or inflammatory joint disease that interfered with upright stance, pregnancy 

3 Elgueta 

2014
21 

thoracolumbar dissociation n=20 LBP (70% women) 

mean age 31 years (SD 9)  

Inclusion: LBP  

Exclusion: suspected or confirmed final pathology of non-musculoskeletal origin, pregnancy, nerve root compression, spine surgery 

4 Enoch 

2011
22 

sitting knee extension 

joint position sense 

sitting forward lean test  

bent knee fall out 

n=25 LBP (56% women) 

mean age 47 years (SD 12) 

Inclusion: People with nonspecific LBP, age 18-85 years.  

Exclusion: neurological disorders, rheumatologic disorders, acute pain in hip and legs, diabetes, cancer, inability to speak Danish 

5 Fritz  

2005
24 

aberrant movements 

prone instability test  

posterior shear test 

beighton scale 

n=49 (57% women) 

mean age 39.2 years (SD 11.3) 

mean ODI 20.4 (SD 13.3) 

Inclusion: patient referred for flexion-extension Rx based on suspicion of instability, LBP without radiation into lower extremities, less than 60 years of age 

Exclusion: contraindication for Rx, previous lumbar fusion surgery, inability to actively flex and extend spine 

6 Fritz  

2006
23 

aberrant movements 

prone instability test 

n=60 (48% women) 

mean age 36.6 years (SD 10.5) 

mean ODI 42.3% (SD 11.0) 

Inclusion: 18-65 years, referred to physical therapy with primary complaint of LBP less than 90 days with or without referral into lower extremity, ODI higher 

than 25% 

Exclusion: lateral shift, acute kyphotic deformity, symptoms could not be reproduced with lumbar ROM or palpation or when signs of nerve root compression 

were present, pregnancy, prior spine surgery 

7 Hebert 

2015
25 

multifidus lift test n=32 (44% women) 

mean age 31.38 years (SD 12.70)  

mean ODI 30.31 (SD 11.00) 

Inclusion: current LBP, 18-60 years, minimum ODI 20 points 

Exclusion: history of lumbar spine surgery, signs or symptoms of lumbar radiculopathy, medial red flags, osteoporosis, recently treated for LBP with spinal 

manipulation or trunk muscle stabilization exercise 

8 Hicks  

2003
26 

aberrant movements  

painful arc 

instability catch  

gower sign 

reversal of lumbopelvic rhythm  

prone instability test 

posterior shear test 

beighton scale 

n=63 (60% women) 

mean age 36 years (SD 10.3)  

mean ODI 17.8 (SD 11.3) 

Inclusion: LBP without radiation below the knee 

Exclusion: pregnancy, acute fracture, tumor, infection. Previous lumbar fusion surgery 

9 Luomajoki 

2007
27 

single leg stance 

sitting knee extension  

waiters bow 

rocking backward  

rocking forward 

pelvic tilt 

prone knee bend extension  

prone knee bend rotation 

crook lying   

n=27 LBP (67% women) 

mean age 50.8 years (SD 6.2) 

mean RMDQ 8.5 (SD 5.5) 

Inclusion: Nonspecific LBP, patients who would be able to perform the tests very well (to prevent bias of results through too many incorrect test results)  

Exclusion: serious pathologies (non-healed fractures, anomalies, tumors), acute trauma, acute LBP 

10 Murphy 

2006
28 

hip extension test n=42 (74% women) 

mean age 37.8 years (SD 14.4)  

mean RMDQ 5.8 (SD 4.3) 

Inclusion: > 7 weeks LBP, pain between buttock and T12 with or without leg pain, ability to perform hip extension in prone position without pain  

Exclusion: visceral pathology, spinal infection, spinal fracture, pain when performing hip extension 

11 Qvistgaard 

2007
29 

palpation multifidus n=60 (no further information about 

demographic information ) 

Inclusion: LBP more than one month, 18-60 years 

Exclusion: clinical signs of an acute disc herniation, inflammatory disease, ongoing insurance claim, significant medical disease, intellectual or language problems 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

LBP: low back pain, ODI: oswestry disability index, RMDQ: roland morris disability questionnaire, MODI: modified oswestry disability index, ROM: range of motion, BMI: body mass index 

12 Rabin 

2013
30 

aberrant movements 

prone instability test  

passive lumbar extension test  

active straight leg raise 

lumbar extension load test  

active hip abduction 

n=30 (50% women) 

mean age 33.5 years (SD 8.0) 

mean ODI 34.9 (SD 10.9) 

Inclusion: age 18-60 years, main complaint of LBP and/or related leg symptoms 

Exclusion: pregnancy, non-mechanical origin of symptoms, LBP due to fracture, osteoporosis, use of cortico's, rheumatoid arthritis, sings for nerve root 

compression 

13 Ravenna 

2011
31 

prone instability test n=30 (43.3% women) 

mean age 36.1 years (SD 11.8) 

mean MODI  23.9 (SD 10.0) 

Inclusion: recurrent LBP, age 18-60 years, current symptoms, but no acute flare-up 

Exclusion: no BMI>30kg/m2, disc herniation, radiating symptoms below the knee, history of spinal surgery or fracture, spinal deformity, inflammatory condition, 

neurologic disease, pregnancy, primary hip problems 

14 Roussel 

2007
32 

single leg stance 

active straight leg raise 

n=36 (58% women) 

mean age 37.4 years (SD 11.6)  

Inclusion: age 18-65 years, chronic nonspecific LBP  

Exclusion: specific LBP, spinal fracture history, severe degenerative change, severe scoliosis, osteoporosis, obesity, radicular signs, malignancies, metabolic or 

rheumatologic diseases 

15 Schneider 

2008
33 

prone instability test n=39 (no further information about 

demographic information) 

Inclusion: 18-65 years, low back pain history, ability to tolerate prone lying 

Exclusion: history of prior lumbar surgery, stenosis, scoliosis greater than 20°, unstable spondylolisthesis, positive nerve root tension signs or radiculopathy, any 

red flags 

16 Sedaghat 

2007
34 

palpation transversus abdominis n=34 (38% women) 

mean age 42.7 years (SD 13.6)  

Inclusion: nonspecific LBP within 6 months before testing 

Exclusion: irritable low back pain condition that would become exacerbated with repeated testing 
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From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097 

 
For more information, visit www.prisma-statement.org. 

 

PRISMA 2009 Flow Diagram 
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Records after duplicates removed 

(n = 435) 

Records screened 

title/abstract 

(n = 435) 

(n =   ) 

Records excluded 

(n = 380) 

Full-text articles assessed 

for eligibility 

(n = 55) 

Full-text articles excluded 

(n = 39) 

- No LBP n = 3 

- Intervention study n = 1 

- Design n = 1 

- Outcome n = 33 

- Device n = 1 

 

Studies included in 

qualitative synthesis 

(n = 16) 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

Text Box 1: Inclusion and exclusion criteria  

Inclusion criteria 

1. Intra and/or inter reliability had to be conducted on a population with LBP  

2. Clinical tests who identify lumbar segmental instability associated to motor control impairment  

3. Only simple measurement devices such as a ruler, goniometer and laser pointer are allowed 

4. adults (no children, adolescents or elderly) 

5. Articles written in English 

Exclusion criteria 

1. Patients with other pathologies than LBP  

2. Patients with LBP not primarily originating from the lumbar spine (e.g. Sacroiliac / pelvic pathology, pregnancy 

related LBP and malignity) 

3. High technological medical devices (e.g. MRI, 3D motion analysis system,…) 

4. Reviews, practice guidelines, pilot studies, case reports, commentaries, editorials, letters, study protocols and 

books  


