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RESUMO 

A coluna vertebral apresenta mobilidade e características distintas conforme a região anatômica, e, há diversos instrumentos 

que propiciam sua avaliação. Esta revisão sistemática objetivou identificar os métodos e instrumentos utilizados para avaliar 

a amplitude de movimento da coluna vertebral torácica e lombar no plano sagital que apresentam validade e/ou repetibilidade 

e/ou reprodutibilidade confirmados, evidenciando seus respectivos índices psicométricos. Foram realizadas buscas nas bases 

de dados BIREME, EMBASE, PEDro, PubMed, Science Direct, SCOPUS e Web of Science, além de buscas manuais. Dois 

revisores independentes realizaram a seleção dos estudos, extraíram os dados, avaliaram a qualidade metodológica, o risco de 

viés e a evidência (GRADE). Foram incluídos 46 estudos na análise qualitativa, e destes, apenas sete foram incluídos na 

análise quantitativa. Há evidência científica, confirmada por metanálise, acerca da reprodutibilidade interavaliador do 

instrumento fita métrica no teste de Schöber modificado para flexão lombar e da reprodutibilidade intra-avaliador dos 

instrumentos flexicurva e sistema de análise de vídeo para a extensão e flexão lombar. E, com base nos critérios do GRADE, 

ainda há baixa evidência científica sobre a validade, repetibilidade e reprodutibilidade dos instrumentos e métodos indicados 

para a avaliação da amplitude de movimento articular da coluna vertebral torácica e lombar no plano sagital.  

Palavras-chave: Amplitude de movimento articular. Coluna vertebral. Revisão. 

Introduction 

The spine is a complex segment of the human body, whose mobility has different 

characteristics depending on the anatomical region, due to morphological differences related 

to the length and angle of spinal processes and to the volume of vertebral bodies1. 

Specifically, the thoracic and lumbar regions play a fundamental role in trunk movement and 

human locomotion; the balance between the musculoskeletal structures of the spine, by 

maintaining flexibility, avoids the onset of pathologies that may interfere with its autonomy 

and mobility2. In this sense, preserving the morphology and mobility of the spine is important 

for its functionality3 and can reduce already high rates of back pain in the world population4. 

ABSTRACT 
The spine presents distinct mobility and characteristics according to the anatomical region, and there are several instruments 

that allow it to be assessed. This systematic review aimed to identify methods and instruments used to assess the range of 

motion of the thoracic and lumbar spine in the sagittal plane, with confirmed validity and/or repeatability and/or 

reproducibility, evidencing their respective psychometric indexes. Searches were conducted on BIREME, EMBASE, PEDro, 

PubMed, Science Direct, SCOPUS and Web of Science databases, and there were manual searches as well. Two independent 

reviewers selected the studies, extracted data, evaluated methodological quality, risk of bias, and evidence (GRADE). A total 

of 46 studies were included in the qualitative analysis, seven of which only were included in the quantitative analysis. There 

is scientific evidence, confirmed by meta-analysis, on the inter-rater reproducibility of the measuring tape instrument in the 

modified Schöber’s test for lumbar flexion, and the intra-rater reproducibility of the Flexicurve and video analysis system 

instruments for lumbar extension and flexion. Besides, based on GRADE criteria, there is still little scientific evidence on the 

validity, repeatability and reproducibility of the instruments and methods indicated for assessing the range of motion of the 

thoracic and lumbar spine in the sagittal plane. 
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 Still regarding the biomechanical aspects of motor and postural control related to 

spinal structures, evidence points to a need to maintain the integrity of the active 

(musculotendinous), passive (osteoarticular and ligamentous) and neural subsystems5. It 

should be pointed out, in a conceptual way, that mobility, when related to functional range of 

motion, is associated with joint integrity, as well as the flexibility or extensibility of soft 

tissues that cross or surround the joints, qualities required for unrestricted and painless body 

movements during functional activities of daily living6. Therefore, mobility and flexibility are 

directly related as well as, and can be understood as complementary or synonymy. 

 In view of the above, assessing mobility and flexibility is an important requirement in 

physical and clinical assessment. There is evidence pointing to video systems, that is, 

cinemetry, as the gold standard for range of motion (ROM) assessments. Such systems 

provide accurate spatiotemporal information of the body as a whole or segmented7,8, as well 

as linear and/or angular information of assessed segments such as position, speed and 

acceleration7,9. 

 However, the high cost of these systems, along with the need for ample space for 

assessments, besides specialized people to perform them, makes the method clinically 

unviable10, leaving it restricted to the research environment. Thus, alternative methods have 

been described to assess the ROM of the thoracic and lumbar spine and, given the wide range 

offered, it is appropriate to identify what methods with scientific reliability of evidence can be 

used in clinical practice. Therefore, this systematic review aimed to identify methods and 

instruments used to assess the ROM of the thoracic and lumbar spine in the sagittal plane that 

have confirmed validity and/or repeatability and/or reproducibility, evidencing their 

respective psychometric indexes. Conceptually, validity refers to the degree of veracity of 

measurements of a certain quantity, that is, how much the measures approach the true value11. 

Repeatability describes the degree of equality between obtained results, based on consecutive 

measurements performed by the same rater, using the same instrument and method11. Finally, 

reproducibility, which can be measured intra-rater and inter-rater, describes the degree of 

equality between results obtained in tests conducted by the same rater or by different raters, 

respectively, using the same instrument and method11. 

 

Study Type 

 The present study comprised a systematic literature review, being registered in 

PROSPERO under the code CRD42015026518 

(http://www.crd.york.ac.uk/PROSPERO_REBRANDING/display_record.asp?ID=CRD42015

025996). 

 

Search Strategies 

 Systematic searches were done, as recommended by the Cochran Collaboration13, 

from September 25 to October 1, 2015, on the following databases: BIREME, EMBASE, 

Physiotherapy Evidence Database (PEDro), PubMed, Science Direct, SCOPUS and Web of 

Science. The search terms used, with their respective Boolean operators, were Spine [AND] 

Evaluation [OR] Measurement [AND] Reproducibility of Results [OR] Reliability [OR] 

Validity [AND] Range of Motion, Articular [OR] Range of Motion [OR] Motion [OR] 

Pliability [OR] Flexibility. The search strategy used on PubMed can be seen in Figure 1. In 

addition, there were no restrictions as to language and date of publication, and studies were 

identified from the references of included studies. 
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#5 Search (#1 AND #2 AND #3 AND #4) 

#4 Search ("Spine"[Mesh] OR “Spine” OR “Vertebral Column” OR “Column, 

Vertebral” OR “Columns, Vertebral” OR “Vertebral Columns” OR “Spinal Column” 

OR “Column, Spinal” OR “Columns, Spinal” OR “Spinal Columns” OR “Vertebra” 

OR “Vertebrae”) 

#3 Search (“Procedures” OR “Procedure” OR “Evaluation Studies as Topic”[Mesh] OR 

“Evaluation Studies as Topic” OR “Evaluation” OR “Evaluations” OR “Evaluation 

Indexes” OR “Indexes, Evaluation” OR “Measurement” OR “Measurements” OR 

“Instruments” OR “Evaluation Methods” OR “Assess” OR “Assessment”) 

#2 Search ("Range of Motion, Articular"[Mesh] OR “Motion"[Mesh] OR "Motion" OR 

"Movement" OR “Movement"[Mesh] OR "Range of Motion, Articular" OR "Range 

of Motion" OR “Movements” OR "Pliability” OR “Pliability"[Mesh] OR 

“Flexibility") 

#1 Search ("Validation Studies" [Publication Type] OR “Reproducibility of 

Results"[Mesh] OR “Reproducibility of Results" OR “Reproducibility of Findings” 

OR “Reliability” OR “Reliabilities” OR “Validity” OR “Validities” OR “Validity of 

Results” OR “Reliability and Validity” OR “Validity and Reliability” OR “Reliability 

of Results”) 
Figure 1. Search strategy on PubMed 
Source: The authors 

 

Study Selection 

 Two raters, independently, selected potentially relevant studies by reading titles and 

abstracts. When the latter did not provide enough information to exclude the study, the full 

text was verified. Afterwards, the same raters independently evaluated the full studies and 

made a selection according to the eligibility criteria, which were: (1) assessment of the 

thoracic or lumbar regions, or both; (2) assessment of flexibility/ROM/mobility; (3) 

assessment of a non-exclusive sample of children and patients with pathologies; (4) not being 

a systematic review; (5) validation or repeatability study (measurements repeated on the same 

day by the same rater)11, or inter-rater reproducibility (measurements performed by different 

raters)11 or intra-rater reproducibility (measurements performed by the same rater on different 

days)11, with positive results that confirmed psychometric indexes; (6) text in Brazilian 

Portuguese, Spanish or English. Discrepant cases were resolved by consensus or by a third 

rater14. 

 

Data Extraction, Analysis of Quality and Risk of Bias 

 Only included studies were subjected to data extraction, analysis of quality and risk 

of bias. Information was extracted through a standardized form and included: name of the first 

author, year of publication, participants (total number and per group, age), assessment 

protocol and results of interest (Table 1). Quality and risk of bias were evaluated using the 

critical evaluation scale for reproducibility and validity studies15 by the same two raters, 

independently. In case of disagreement, consensus was intermediated with a third rater. This 

scale consists of a 13-item checklist15. Although this scale15 does not provide a cut-off point, 

in the present systematic review the studies were considered of high methodological quality 

when they reached scores ≥ 60% in the applied items, according to the proposition of previous 

studies16. 
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Statistical Analysis 

Data were initially analyzed by means of descriptive statistics, separated into 

subgroups according to instrument and assessed movement, as well as to used methodology 

used and type of analysis (validity, repeatability and reproducibility – intra- or inter-rater; 

statistical test conducted). Meta-analysis was carried out on the Medal software, version 11.0 

(MedCalc Software, Mariakerke, Belgium), based on sampling size (total n of the study) and 

correlation (r value) information, by means of inferential statistics with Higgins’s 

Inconsistency test (I²) to verify inter-study homogeneity, considering low heterogeneity if 

I2<50%, and moderate/high if I2≥50%13. 

 

Quality of Evidence 

 In order to summarize the quality of the evidence, the GRADE (Grading of 

Recommendations Assessment, Development, and Evaluation)17 system was used, which 

takes into account the following criteria: design and methodological limitations of included 

studies; inconsistency (homogeneity of studies); whether the studies present direct evidence; 

accuracy of results presented in included studies; and whether the systematic review presents 

a publication bias, not including the totality of published studies about the research problem. 

Based on these criteria, the pieces of evidence were classified into the four levels presented by 

the GRADE system: high quality – it is very unlikely that additional research will change the 

results presented by the systematic review; moderate quality – further research is likely to 

have a major impact and may change the results presented by the systematic review; low 

quality – it is more likely that further research will have a significant impact and change the 

results presented by the systematic review; and very low quality – any estimation of results 

presented by the systematic review is rather uncertain, generating the need to develop new 

studies. 

 

Results 

 

 A total of 4,027 studies were initially identified from the systematic searches, of 

which 1,682 were duplicates and 2,257 were excluded after the reading of titles and abstracts, 

leaving 88 for detailed analysis. Based on the eligibility criteria, 42 studies were excluded, 

leaving 46 articles for qualitative analysis. Figure 2 shows the flowchart of included studies, 

and Table 1 summarizes the characteristics of these studies. 
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Studies excluded after 

checking title and abstract 
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eligibility criteria (n=42) 
 

- Due to: different, 
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Studies included in the 

quantitative analysis 

(n=7) 

Studies identified in the 
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(n=8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Flowchart of included studies according to PRISMA18 
Source: The authors 
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Table 1. Characteristics of included studies 

 

 

 

 

 

 

1st Author Sample Instrument Assessed Aspect Results 

Measuring tape 

Bandy19 n=63 
Sternum-bed distance 

 

Intra-rater reproducibility of lumbar extension 

(experienced and unexperienced raters) 

Experienced ICC: 0.90-0.91; unexperienced ICC: 0.82-

0.86 

Beattie20 n=100 Modified Schöber’s test 
Intra- and inter-rater reproducibility (n=11) of 

lumbar extension 
Intra-rater ICC: 0.90; Inter-rater ICC: 0.94 

Burdett21 n=23 Modified Schöber’s test Intra-rater reproducibility of lumbar flexion. ICC:0.72 

Dopf 22 n=30 
Modified Moll’s and 

modified Schöber’s tests 

Intra- and inter-rater reproducibility of lumbar 

flexion and extension. 

Intra-rater reproducibility: Flexion: r: 0.89; Extension: r: 

0.66; 

Inter-rater reproducibility: Flexion: r: 0.76; Extension: r: 

0.54. 

Frost23 n=24 

Finger-floor distance and 

C7-S2 

 

Intra- and inter-rater repeatability and 

reproducibility of trunk flexion and extension 

Repeatability: Flexion: r: 0.98; Extension: r: 0.96; Intra-

rater reproducibility: Flexion: r: 0.98; Extension: r: 0.79; 

Inter-rater reproducibility: Flexion: r: 0.94; Extension: r: 

0.78 

Gill24 n=10 
Modified Schöber’s test 

and finger-floor distance 
Repeatability of lumbar flexion and extension 

Flexion: Modified Schöber: CV: 0.9-1.5; Finger-floor: 

CV: 14.1; Extension: Modified Schöber : CV: 2.8-2.9 

Merritt25 n=50 

Modified Schöber’s, 

Moll’s, Loebl’s tests, and 

finger-floor distance 

Intra- and inter-rater reproducibility of trunk 

flexion and extension 

Intra-rater reproducibility: Flexion: Finger-floor 

distance: mean CV: 76.4; Schöber: mean CV: 6.6; 

Loebl: mean CV: 13.4; Extension: Moll: mean CV: 7.3; 

Loebl: mean CV: 50.7; Inter-rater reproducibility: 

Flexion: Finger-floor distance: mean CV: 83.0; Schöber: 

mean CV: 6.3; Loebl: mean CV: 9.6; Extension: Moll: 

mean CV: 9.5; Loebl: mean CV: 65.4 

Ronchi26 n=23 Modified Schöber’s test 
Intra- and inter-rater reproducibility of lumbar 

flexion 

Intra-rater reproducibility: ICC: 0.77; Inter-rater 

reproducibility: ICC: 0.74 

Miller27 n=50 Modified Schöber’s test Inter-rater reproducibility of lumbar flexion r:0.71 
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Table 1. Characteristics of included studies (continued...) 
 

1st Author Sample Instrument Assessed Aspect Results 

Paternostro-

Sluga28 

 

n=16 

Ott’s, Schöber’s, Modified 

Schöber’s test, and finger-

floor distance 

Intra- and inter-rater reproducibility of trunk 

flexion 
Good reproducibility (ICC values not specified) 

Hyytiäinen29  n=30 Schöber’s test 

Intra- and inter-rater reproducibility of lumbar 

flexion 

 

Intra-rater reproducibility: r: 0.88; inter-rater: r: 0.87 

Van Den 

Dolder30 n=60 Author’s own methodology 
Intra- and inter-rater reproducibility of lumbar 

flexion 

Intra-rater reproducibility: ICC: 0.95; Inter-rater 

reproducibility: ICC: 0.96 

Inclinometer     

Bø31 n=16 Digital inclinometer 
Intra- and inter-rater reproducibility of 

thoracolumbar flexion and extension 

Flexion: intra-rater ICC: 0.84-0.92; Inter-rater ICC: 

0.83-0.92. Extension: intra-rater ICC: 0.85-0.86; Inter-

rater ICC: 0.68-0.88 

Breum32  

 
n=47 

Modified inclinometer 

(BROM II) 

Intra-, inter-rater reproducibility and validity 

of lumbar flexion and extension (dual 

inclinometer) 

Intra-rater reproducibility: Flexion: ICC: 0.91; 

Extension: ICC: 0.63; Inter-rater reproducibility: 

Flexion: ICC: 0.77; Extension: ICC: 0.35; Validity: 

Flexion: ICC: 0.75; Extension: ICC: 0.63 

Dopf22 n=30 Dual inclinometer 
Intra- and inter-rater reproducibility of lumbar 

flexion and extension. 

Intra-rater reproducibility: Flexion: r: 0.92; Extension: r: 

0.93; Inter-rater reproducibility: Flexion: r: 0.71; 

Extension: r: 0.78 

Gill24 n=10 Dual inclinometer Repeatability of lumbar flexion and extension Flexion: CV: 9.3-33.9; Extension: CV: 2.8-4.7 

Kolber33 n=30 

Inclinometer and mobile 

device (inclinometer - 

iPhone) 

Intra-, inter-rater reproducibility and validity 

(inclinometer) of lumbar and trunk flexion 

and extension. 

Intra-rater reproducibility: Flexion: iPhone: lumbar: 

ICC: 0.88; thoracolumbopelvic: ICC: 0.97; 

Inclinometer: lumbar: ICC: 0.83; thoracolumbopelvic: 

ICC: 0.96; Extension (thoracolumbopelvic only): 

iPhone: only: 0,80; Inclinometer: ICC: 0.88; Inter-rater 

reproducibility: Flexion: iPhone: lumbar: only: 0.88; 

thoracolumbopelvic: ICC: 0.98; Inclinometer: lumbar: 

ICC: 0,81; thoracolumbopelvic: ICC: 0.97; Extension 

(thoracolumbopelvic only): iPhone: ICC: 0,81; 

Inclinometer: ICC: 0.91; Validity: Flexion: lumbar: 

ICC: 0.86-0.87; thoracolumbopelvic: ICC: 0.97-0.98; 

Extension (thoracolumbopelvic only): ICC: 0.89-0.91 
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Table 1. Characteristics of included studies (continued...) 
 

1st Author Sample Instrument Assessed Aspect Results 

Mayer34 n=18 
Inclinometer and 

electroinclinometer 

Intra- and inter-rater repeatability and 

reproducibility of lumbar flexion 

All instruments presented repeatability (r 0.89) and 

intra- (F=1,39, df=13.319) and inter-rater (F=1.62, 

df=1.319) reproducibility 

Mellin35 n=27 Inclinometer 
Intra-rater reproducibility of thoracolumbar 

flexion and extension. 
Flexion: r: 0.91-0.95; Extension: r: 0.72-0.92 

Ng36 n=12 Modified inclinometer 
Intra-rater reproducibility of lumbar flexion 

and extension 
Flexion: ICC: 0.87; Extension: ICC: 0.92 

Ronchi26 n=23 Dual inclinometer 
Intra and inter-rater reproducibility of lumbar 

flexion and extension 

Intra-rater reproducibility: Flexion: ICC: 0.95; 

Extension: ICC: 0.94; Inter-rater reproducibility: 

Flexion: ICC: 0.89; Extension: ICC: 0.91 

Chiarello37 n=12 Electroinclinometer 
Inter-rater reproducibility of lumbar flexion 

and extension 

Inter-rater reproducibility: Flexion: ICC: 0.74; 

Extension: ICC: 0.65-0.85 

Rondinelli38  n=8 

An inclinometer, dual 

inclinometer and 

electroinclinometer (Back 

ROM) 

Intra- and inter-rater reproducibility of lumbar 

flexion 

Intra-rater reproducibility: An inclinometer: ICC: 0.85-

0.86; Dual inclinometer: ICC: 0.70-0.81; Back ROM: 

ICC I: 0.81-0.90; Inter-rater reproducibility: An 

inclinometer: ICC: 0.76; Dual inclinometer: ICC: 0.69; 

Back ROM: ICC: 0.77 

Boocock39 n=12 Inclinometer Intra-rater reproducibility of lumbar ROM Intra-rater reproducibility: r: 0.96 

Goniometer     

Bedekar40  n=30 
iPod Mobile Device 

(goniometer) 

Intra- and inter-rater reproducibility of lumbar 

flexion, concurrent validity (dual 

inclinometer) 

Intra-rater: ICC: 0.92; Inter-rater: ICC: 0.81; Validity: r: 

0.95 

Chiarello37  n=12 Two goniometers 
Inter-rater reproducibility of lumbar flexion 

and extension 

Inter-rater reproducibility: Flexion: ICC: 0.57; 

Extension: CCI: 0.59-0.67 

Burdett21 n=27 

Modified Gravity 

Goniometers and 

Parallelogram 

Intra-rater reproducibility of lumbar flexion 

and extension. Validity of lumbar flexion and 

extension 

Intra-rater reproducibility: Flexion: Gravity Goniometer: 

ICC: 0.91; Parallelogram Goniometer: ICC: 0.92; 

Extension: Gravity Goniometer: ICC: 0.71; 

Parallelogram Goniometer: ICC: 0.60; Validity: Flexion: 

Gravity Goniometer: ICC: -0.11; Parallelogram 

Goniometer: ICC: 0.19; Extension: Gravity Goniometer: 

ICC: -0.73; Parallelogram Goniometer: ICC: -0.71 
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Table 1. Characteristics of included studies (continued...) 
 

1st Author Sample Instrument Assessed Aspect Results 

Salisbury41  n=17 Goniometer 
Intra-rater reproducibility of lumbar flexion 

and extension 
Flexion: MAD: 3.80±2.95; Extension: MAD: 3.10±1.98 

Salisbury41  n=17 Goniometer 
Intra-rater reproducibility of lumbar flexion 

and extension 
Flexion: MAD: 3.80±2.95; Extension: MAD: 3.10±1.98 

Boocock39 n=12 Electrogoniometer Intra-rater reproducibility of lumbar ROM Intra-rater reproducibility: r: 0.78. 

Paquet42 

 
n=10 Electrogoniometer 

Repeatability and validity (two inclinometers) 

of trunk flexion 
Validity: r: 0.97; Repeatability: ICC: 0.98 

Tojima43  n=7 Electrogoniometer 
Intra-rater reproducibility of lumbar flexion 

and extension 
Flexion: ICC: 0.80; extension: ICC: 0.63 

Motion Analysis System     

Gill44 n=15 
Video Motion Analysis 

System 

Intra- and inter-rater reproducibility (10 

individuals) of trunk flexion and extension. 

Intra-rater reproducibility: Flexion: r: 0.87; Extension: r: 

0.85; Inter-rater reproducibility: Flexion: r: 0.93; 

Extension: r: 0.96 

Mannion45  n=11 

3D motion analysis system 

OSI CA-6000 and Space 

Fastrak 

Repeatability of lumbar flexion and extension 
Repeatability: r: 0.82-0.99, with high ICC (values not 

specified) 

Petersen46 

 
n=21 

3D motion analysis system 

(OSI CA-6000) 

Intra and inter-rater reproducibility (raters 

with and without experience) of 

thoracolumbar flexion and extension 

Intra-rater reproducibility: Flexion: ICC: 0.90-0.96; 

Extension: ICC: 0.96; Inter-rater reproducibility: 

Flexion: ICC: 0.93; Extension: ICC: 0.95 

Pearcy47  n=10 
3D motion analysis system 

(3 SPACE Isotrak) 
Repeatability of lumbar flexion and extension RMS error: 0.079 

Dopf 22 n=30 
3D motion analysis system 

(OSI CA-6000) 

Intra- and inter-rater reproducibility of lumbar 

flexion and extension. 

Intra-rater reproducibility: Flexion: r: 0.94; Extension: r: 

0.94; Inter-rater reproducibility: Flexion: r: 0.76; 

Extension: r: 0.84. 

Tojima43 

 
n=7 

3D motion analysis system 

(VICON) 

Intra-rater reproducibility of lumbar flexion 

and extension 
Flexion: ICC: 0.77; extension: ICC: 0.80. 

Troke48 

 
n=22 

3D motion analysis system 

(OSI CA-6000) 

Intra- and inter-rater reproducibility of lumbar 

flexion and extension 

Intra-rater reproducibility: ICC: 0.81-0.94; Inter-rater 

reproducibility: ICC: 0.73-0.82 
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Table 1. Characteristics of included studies (continued...) 

 
1st Author Sample Instrument Assessed Aspect Results 

Schuit49 

 
n=10 

3D Motion Analysis 

System (OSI CA-6000) 

and X-Ray 

Inter-rater reproducibility and validity of 

trunk flexion and extension 

Inter-rater reproducibility: Flexion: X-ray: ICC: 0.93; 

OSI: CCI: 0.99; Extension: X-ray: ICC: 0.85; OSI: ICC: 

0.98; Validity: Flexion: r: 0.100; Extension: r: 0.394 

Schuit49 

 
n=10 

3D Motion Analysis 

System (OSI CA-6000) 

and X-Ray 

Inter-rater reproducibility and validity of 

trunk flexion and extension 

Inter-rater reproducibility: Flexion: X-ray: ICC: 0.93; 

OSI: ICC: 0.99; Extension: X-ray: ICC: 0.85; OSI: ICC: 

0.98; Validity: Flexion: r: 0.100; Extension: r: 0.394 

Flexicurve     

Tillotson50  n=20 Flexicurve 

Intra-rater reproducibility and concurrent 

validity (X-ray) of lumbar flexion and 

extension. 

Intra-rater reproducibility: Flexion: r: 0.95-0.97; 

Extension: r: 0.96-0.97; Validity: ROM: r: 0.98. 

Burton51 n=15 Flexicurve 
Intra- and inter-rater reproducibility of lumbar 

flexion and extension, validity (X-rays, n=1) 

Intra-rater reproducibility: r: 0.95-0.97; Inter-rater 

reproducibility: r: 0.82-0.99; validity: the flexicurve 

presented superior angulation (greater by 1º) to X-ray 

Burton52 Not 

presented 
Flexicurve 

Intra and inter-rater reproducibility of lumbar 

flexion and extension 
Intra- (9% error) and inter-rater (7-15%) reproducibility 

Youdas53  n=10 Flexicurve 
Intra- and inter-rater reproducibility of lumbar 

flexion and extension 

Intra-rater reproducibility: Flexion: ICC: 0.90-0.95; 

Extension: ICC: 0.96-0.98; Inter-rater reproducibility: 

Flexion: ICC: 0.84-0.91; Extension: ICC: 0.97-0.98 

Boocock39 n=12 Flexicurve Intra-rater reproducibility of lumbar ROM Intra-rater reproducibility: r: 0.86 

Accelerometers     

Alqhtani54 n=18 Triaxial accelerometer 
Reproducibility of thoracolumbar flexion and 

extension. 

Thoracic: flexion (ICC: 0.97-0.99) and extension (ICC: 

0.92-0.96); Lumbar: flexion (ICC: 0.95-0.98) and 

extension (ICC: 0.96-0.97) 

Consmuller55  n=30 Accelerometer 
Intra-rater reproducibility of thoracolumbar 

flexion and extension. 

Intra-rater reproducibility: Flexion: ICC: 0.86; 

Extension: ICC: 0,84 

Ronchi26 

 
n=23 Accelerometer 

Intra and inter-rater reproducibility of lumbar 

flexion and extension 

Intra-rater reproducibility: Flexion: ICC: 0.99; 

Extension: ICC: 0.98; Inter-rater reproducibility: 

Flexion: ICC: 0.95; Extension: ICC: 0.95 
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Table 1. Characteristics of included studies (continued...) 
 

1st Author Sample Instrument Assessed Aspect Results 

Photogrammetry     

Tederko56  n=12 Photometry 
Repeatability and reproducibility of thoracic 

ROM 

ICCs between 0.951 and 0.958 (no expressed isolated 

values per movement and assessed aspect) 

Gill24 n=10 Photogrammetry Repeatability of lumbar flexion and extension Flexion: CV: 6.0-22.3; Extension: CV; 11.3-12.4 

Edmondston57  n=14 Photogrammetry Validity of thoracic extension ROM (X-ray). r:0.69 

Inertial System     

Ha58 n=26 
Inertial System (Xsems 

MTx) 

Validity (with Fastrak) of lumbar flexion and 

extension 
Flexion: r: 0.88; Extension: r: 0.66 

Yun59 n=19 Inertial system 
Intra-rater reproducibility of lumbar flexion 

and extension 
Intra-rater reproducibility: ICC: 0.90-0.98 

Other Instruments     

Roussel60 n=61 Isokinetic dynamometer 
Inter-rater reproducibility of lumbar flexion 

and extension 

Inter-rater reproducibility: Flexion: ICC: 0.77; 

Extension: ICC: 0.93-0.94; 

Williams61 n=13 Fiber Optic System 
Repeatability and validity (3D motion analysis 

system) of lumbar flexion 
Repeatability: r: 0.94-0.97; Validity: r: 0.86-0.95 

Lee62 n=19 3D Gyroscope Repeatability of lumbar flexion and extension Multiple correlation coefficient: 0.97-0.99 

Salisbury41 n=17 

Kyphometer, Goniometer 

and Flexicurve, measuring 

tape and ultrasound 

Intra-rater reproducibility of lumbar flexion 

and extension 

Flexion: kyphometer MAD: 2.95 ± 2.96; MAD 

Goniometer: 3.80 ± 2.95 and Flexicurve MAD: 

3.15±2.0. 

Extension: kyphometer MAD: 3.16±2.24; Goniometer 

MAD: 3.10±1.98 and Flexicurve MAD: 4.18±3.58 

Cohn63 

 
n=19 Electromagnetic Sensors 

Intra and inter-rater reproducibility of lumbar 

flexion and extension 
Intra- and inter-rater reproducibility with ICC> 0.9. 

Fölsch64 n=28 Ultrasonic analysis system 
Intra-rater reproducibility of thoracic flexion 

and extension. 
Flexion: ICC: 0.71; Extension: ICC: 0.34 

Source: The authors 
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In the evaluation of methodological quality and risk of bias only 18 studies were 

considered of high quality (score ≥ 60%). The mean of the studies’ methodological quality 

was 53.11% and can be seen in Table 2.  
 

Table 2. Methodological quality evaluation 

1st Author 1 2 3 4 5 6 7 8 9 10 11 12 13 Quality Quality % 

Alqhtani54 y n n/a n n y n/a y n/a y n/a n y 5 55.56 

Bandy19 y y n/a y s y n/a y n/a y n/a n y 8 88.9 

Beattie20 y n n/a n n y n/a y n/a y n/a n y 5 55.6 

Bedekar40 y y n/a y s y n/a y n/a y n/a n y 8 88.9 

Bø31 y y n/a y s y n/a y n/a y n/a n y 8 88.9 

Boocock39 y n y n n y y y y y y n y 9 69.2 

Breum32 y n y n n y y y n y y n y 8 61.5 

Burdett21 y y y n n n n n n y y n y 6 46.2 

Burton51 n n n n n n y y y n n n y 4 44.4 

Burton52 n n n n n n n n n n n n n 0 0.0 

Chiarello37 y n n/a n n y n/a n n/a y n/a n y 4 44.4 

Cohn63 y y n/a n n y n/a y n/a y n/a n y 6 66.7 

Consmuller55 y n n/a n/a n n n/a y n/a y n/a n y 4 50.0 

Dopf22 y n y n n y y y n y y n y 8 61.5 

Edmondston57 y y y n n n n n y y y n n 6 46.15 

Fölsch64 y n n/a n n n n/a n n/a y n/a y y 4 44.4 

Frost23 y n n/a n n y n/a y n/a y n/a y y 6 66.7 

Gill24 y n n/a n n n n/a y n/a n n/a y y 4 44.4 

Gill44 y n n/a n n y n/a y n/a y n/a n y 5 55.6 

Ha58 y n y n/a n/a n n n y y y n y 6 66.7 

Hyytiainen29 y y n/a n n y n/a y n/a y n/a n n 5 55.6 

Kolber33 y n y s s n y y y y y n y 10 76.9 

Lee62 y n n/a n n n n/a n n/a y n/a n n 2 22.2 

Mannion46 y n n/a n n y n/a n n/a y n/a n y 4 30.8 

Mayer34 y y n/a n n y n/a n n/a y n/a n n 4 44.4 

Mellin25 y n n/a n n n n/a n n/a y n/a y n 4 44.4 

Merritt36 y y n/a n n n n/a y n/a y n/a n n 4 44.4 

Miller27 y y n/a y n/a y n/a n n/a y n/a n n 5 62.5 

Ng36 y y n/a n/a n n n/a n n/a y n/a n y 4 50.0 

Paquet42 y n y n n n n y n y y n y 6 46.2 

Paternostro-Sluga28 y n n/a y s y n/a y n/a y n/a n n 6 66.7 

Pearcy47 y n n n n n n y n n n n n 2 15.4 

Petersen46 y y n/a n n n n/a y n/a y n/a n y 5 38.8 

Ronchi26 y y n/a n n n n/a y n/a y n/a n y 5 38.8 

Rondinelli40 y y n/a n n/a y n/a y n/a y n/a n y 6 46.2 

Roussel60 y n n/a n n n n/a n n/a y n/a n y 3 33.3 

Salisbury41 y n n/a n n y n/a n n/a y n/a n n 3 33.3 

Schuit49 y n y n n y y n y y y n y 8 61.5 

Tederko56 y n n/a n n n n/a n n/a y n/a n y 3 33.3 

Tillotson50 y y y n n n n y y y y n y 8 61.5 

Tojima43 y n y n n y y y y y y n y 9 69.2 

Troke48 y y n/a n n y n/a y n/a y n/a n y 6 66.7 

Van DenDolder30 y y n/a y s y n/a n n/a y n/a n y 7 77.8 

Williams61 y y y n/a n/a n/a n n/a y y y n y 7 77.8 

Youdas53 y y n/a n n n n/a n n/a y n/a n y 4 44.4 

Yun59 y y n/a n n n n/a y n/a y n/a n y 5 55.6 

Note: 1- Sample adequacy; 2- rater description adequacy; 3- explanation of reference standard; 4- Inter-rater blinding; 5- 

Intra-rater blinding; 6- Evaluation order variation; 7- Period of time between evaluated test and reference standard; 8- Period 

between repeated measures; 9- Independence of reference standard from evaluated test; 10- Adequacy of the evaluated test 

procedure’s description; 11- Adequacy of the description of the reference standard’s procedure; 12- Sampling loss 

Explanation; 13- Appropriate statistical methods. 

Source: The authors 
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 The main areas of methodological weakness found were: explanation about sampling 

loss, justified for being cross-sectional studies; intra- and inter-rater blinding; period of time 

between evaluated test and reference standard; independence of reference standard from 

evaluated test; explanation and adequacy of the description of the reference standard’s 

procedure, and rater description adequacy. 

 With regard to quality of evidence, taking into account the heterogeneity of studies, 

especially concerning the methodological rigor, it is possible that other researches have an 

important impact and probably change the results presented by the present systematic review, 

which gives the present review low strength of evidence based on the main criteria established 

by GRADE17. 

 Regarding quantitative analysis results, only seven studies were included in the meta-

analysis, supporting that there is scientific evidence on the inter-rater reproducibility of the 

measuring tape instrument in the modified Schöber’s test for lumbar flexion movement, and 

the intra-rater reproducibility of the Flexicurve and video analysis system instruments for 

lumbar extension and flexion movements (APPENDIX). 

 

Discussion 

 

The studies presented in Table 1 show the use of numerous instruments to assess 

spinal flexibility, of which the most commonly employed are: measuring tape, inclinometers, 

goniometers/electrogoniometers, 3D motion analysis systems, Flexicurves and 

accelerometers. In addition, some instruments were mentioned in a few studies, such as: 

photogrammetry, ultrasound, inertial system, optical fiber system, kyphometer, 

electromagnetic sensors, 3D gyroscope, and isokinetic dynamometer. Besides the variety of 

instruments, the protocols used are numerous for each one of them, making it even more 

difficult to compare the studies. 

Measuring tape is an instrument that has been frequently described in studies for 

assessment of flexion and extension ROM of the thoracic and lumbar spine, with several 

measurement protocols, such as the modified Schöber’s test20-22,24-29, finger-floor 

distance24,25,28, modified Moll’s test22,25, among others. It should be noted that low cost, easy 

handling and the fact of providing quantitative results, presenting values in centimeters (cm), 

are factors that can facilitate the widespread use of this instrument. Furthermore, 

measurement protocols, in general, have adequate intra- and inter-rater repeatability and 

reproducibility (Table 1), which makes it possible to use them to follow up spinal training and 

treatments, since measurements can be reliably performed at different times, as well as by 

different raters. In addition, it is possible to affirm, through meta-analysis, that the inter-rater 

reproducibility of the modified Schöber’s test for assessment of lumbar flexion (APPENDIX) 

is already elucidated and confirmed, that is, it is very likely that the results from the test are 

similar, though carried out by different raters. However, it should be pointed out that, when it 

comes to questions related to statistical analysis applied in the studies22,23,27,29, there is discrete 

misconception when using only tests that verify correlation (values correlate, that is, behave 

in a direct way – one increases, the other increases, one decreases, the other decreases – or 

inversely – one increases, the other decreases, and vice versa, in the same proportion, but they 

are not necessarily similar or close; in this case, the relevant statistical tests are Pearson’s and 

Spearman’s ) and not agreement (when the difference between one value and another is null 

or very close to that, the values are identical or nearly identical; in this case, the relevant 

statistical test is the Intraclass Correlation Coefficient). 

However, there were no studies that assessed the concurrent validity of the protocols 

(internal comparisons between different measurement methodologies, taking into account the 
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agreement between them) and used measuring tape; thus, the fact of not knowing the real 

variable analyzed in these protocols, that is, whether it is really about assessment of spinal 

flexibility or whether other factors may be influencing the results obtained, is understood as 

an important limitation. Another limitation that can be emphasized is the fact that assessment 

is usually done based on only two reference points, which does not allow representing the 

curvature of the spine. 

Another widely used instrument is the inclinometer (Table 1), which consists of a 

gravity-driven 360° protractor. It has variations; for instance, the dual inclinometer, the 

modified inclinometer (BROM II) and the electroinclinometer (Back ROM). Among the 

included studies, only two assessed the validity of inclinometers. One of them compared a 

new inclinometer model, called BROM II, with a dual inclinometer and found adequate 

concurrent validity, with correlation varying from moderate to excellent42. The second study 

verified the concurrent validity of a mobile device inclinometer (iPhone) compared to a 

traditional inclinometer and found excellent correlation results between both instruments. 

Regarding reproducibility, in general, all studies showed moderate to high correlation for the 

inclinometer, and most of them performed adequate statistical analysis to measure the 

psychometric index26,31-33,36-38. However, when we take into account the meta-analysis results 

(APPENDIX), a high methodological heterogeneity between studies is evidenced, which 

prevents assertions and extrapolations about metric measurements of intra-rater 

reproducibility, requiring new studies, in addition to the fact that analysis was only possible 

with the use of Pearson’s r-related information. A good reason to use dual inclinometers is 

that they are recommended by the American Medical Association (AMA), in the Guides to 

the Evaluation of Permanent Impaiment40,65. However, inclinometers presented concurrent 

validity tested only with the same instrument, which limits knowledge about the true value 

obtained, besides being relatively expensive, difficult to handle and may contain marking and 

assembling errors; therefore, it is necessary to master this technique in order to obtain precise 

measures65. 

The goniometer is an instrument that measures joint positions and ROM of almost all 

joints. Similar to protractors, they are transparent plastic tools used to measure or construct 

angles. They differ from inclinometers for not depending on the action of gravity. Variations 

found for the goniometer are the electrogoniometer39,42,43, the mobile device goniometer 

(iPod)40 and traditional goniometers21,37,41. 

The goniometer instrument was analyzed in several studies; however, because of this 

wide variety of types for this instrument, analyzing them together has its limits. In general, the 

goniometer has been described for lumbar mobility assessment. Only in the study by Paquet 

et al.42, this instrument was used for trunk assessment. The electrogoniometer had its intra-

rater reproducibility tested in two studies, which showed excellent results39,43, and excellent 

concurrent validity when compared to the inclinometer39,42. Another type of goniometer that 

presented excellent results was the mobile device goniometer (iPod), with correlations above 

0.8 for both intra- and inter-rater reproducibility and concurrent validity40, supporting the 

agreement between the measures taken by different raters and at different times. Gravity 

goniometers and the parallelogram also presented excellent intra-rater reproducibility21. 

However, when two goniometers were used to assess lumbar flexion and extension, ICC 

results were lower, with moderate correlations37. 

The goniometer is considered a low-cost instrument, easy to use and carry; however, it 

is emphasized that goniometers require technical knowledge from raters, since their difficulty 

of alignment with body regions, especially in flexion and extension, may interfere with the 

precision of results65. Paquet et al.42 pointed out some important limitations to the use of 

electrogoniometers, such as assessment only in the sagittal plane and the need for system 
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calibration for each individual. In addition, both instruments do not allow representing the 

curvature of the assessed spine. 

3D motion analysis systems allow determining the position and orientation of body 

segments, seeking to measure parameters of linear or angular displacements, speed and 

acceleration in these segments8. Among studies that assessed ROM in flexion and extension, 

eight were conducted with 3D motion analysis system. Of these, six verified reproducibility, 

with results varying from moderate to high22,41,44,46,48-49, and it is worth highlighting that there 

is evidence confirmed by meta-analysis to support intra-rater reproducibility for lumbar 

flexion and extension movements (the statistical matter of exclusive use of tests for 

verification of correlation of measurements is reiterated, without information on agreement). 

However, inter-rater reproducibility still needs to be investigated with greater methodological 

rigor in order to fill in the gap caused by the heterogeneity of results between studies 

(APPENDIX); two studies verified the reproducibility of lumbar flexion and extension, 

obtaining high ICC values41 and low RMS error between measurements42, and only one study 

verified the validity of the 3D video system with X-ray examination49, with this methodology 

being considered of very low validity for flexion, and low validity for trunk extension. 

  With the advent of technology, 3D analysis methods have expanded rapidly, mainly 

because they provide many possibilities of assessed parameters and present adequate 

precision in the results provided66. Nevertheless, these instruments need proper environment 

for assessments, experienced raters and high cost, being unfeasible for use in clinical practice. 

The Flexicurve instrument is a flexible lead ruler, 30 to 80 cm long, easy to use, low-

cost, and serves as a diagnostic means and evolutionary treatment indicator for field studies in 

large populations67. The concurrent validity of Flexicurve in assessing flexibility with X-rays 

was tested in two studies50,51. However, Burton’s study51 assessed only one individual, and its 

results only showed superior angulation (greater by one degree) when compared to X-rays. 

Tillotson and Burton50, in their turn, assessing the validity in lumbar flexion and extension of 

Flexicurve, obtained excellent results for both movements. 

The other studies29,50-53 presented results on the reproducibility of Flexicurve, showing 

correlations ranging from high to very high. However, to date, there is only evidence, based 

on meta-analysis, to affirm the intra-rater reproducibility of lumbar spine flexion and 

extension movements (APPENDIX), supported also by the high agreement between 

measurements by the same rater in the study by Youdas et al53. Flexicurve has been described 

as an easy-to-assess instrument and has the advantage of providing a graphical representation 

of assessed curvatures. However, despite adequate intra-rater and inter-rater reproducibility 

and validity results, this instrument is only described for lumbar region assessment, restricting 

its possibility of use, since it has not been tested in thoracic spine assessment. 

 Accelerometers are devices that measure acceleration and are generally used in 

positioning systems, inclination sensors, and vibration sensors. Studies such as those by 

Alqhtani et al.54, Consmuller et al.55 and Ronchi et al.26 used accelerometers to assess spinal 

ROM. All of them assessed intra and inter-rater reproducibility, obtaining very high results of 

agreement between measurements. 

 Other instruments such as photogrammetry57, optical fiber system61 and 

electromagnetic device (3 Space Isotrack System)47 have been described in few studies for 

spinal ROM assessment, and still lack further information on their validity aspects. 

  The above clearly show the wide variety of instruments available to assess spinal 

ROM, but, mostly, the instruments present very well-defined results only for the 

reproducibility of the systems, as in the case of measuring tape, inclinometers, goniometers 

and accelerometers. Regarding the concurrent validity of the instruments, the studies that 

tested it presented limitations; for instance, the concurrent validity of some inclinometers and 
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goniometers were compared to inclinometers, which are not considered the gold standard for 

movement assessment68. In addition, the Flexicurve instrument, which presented 

reproducibility and concurrent validity results, is limited to lumbar region assessment. In this 

sense, it is possible to affirm that the literature lacks validated instruments for spinal ROM 

assessment in both the thoracic and lumbar regions. 

 

Conclusions 

 

 There are 14 instruments available for assessment of joint ROM in the thoracic and 

lumbar spine tested as to their repeatability and/or reproducibility, and only six instruments 

that were assessed for concurrent validity. However, there is scientific evidence only to 

support the inter-rater reproducibility of the measuring tape instrument only in the modified 

Schöber’s test for lumbar flexion movement, and the intra-rater reproducibility of the 

Flexicurve and video analysis system instruments for lumbar extension and flexion 

movements. Nevertheless, adequacy limitations in the statistical analyses in the included 

studies are highlighted. 

 Based on GRADE criteria, the results presented in this systematic review indicate little 

scientific evidence on the validity, repeatability and reproducibility of the instruments and 

methods indicated for assessment of joint ROM in the thoracic and lumbar spine. 
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APPENDIX 
 

Table 3. Meta-analysis result for inter-rater reproducibility of the measuring tape instrument in the modified Schöber’s test for lumbar flexion movement 

Study 
Sample 

Size 

Correlation 

Coefficient 
95% IC z p 

Weight (%) 

 

Fixed Random 

Dopf22 30 0.76 0.55 – 0.88   36.49 36.49 

Miller27 50 0.71 0.54 – 0.83   63.51 63.51 

Total 

(fixed effects) 
80 0.73 0.60 – 0.82 7.97 <0.001 100.00 100.00 

Total 

(random effects) 
80 0.73 0.60 – 0.82 7.97 <0.001 100.00 100.00 

Note: Heterogeneity test: Q=0.20; DF=1; p=0.652; I²=0.00%; 95% IC for I²=0.00 – 0.00.    
 

Table 4. Meta-analysis for intra-rater reproducibility of the Flexicurve instrument for lumbar extension movement 

Study 
Sample 

Size 

Correlation 

Coefficient 

(r) 

95% IC z p 
Weight (%) 

 

Fixed Random 

Tillotson50 20 0.96 0.90 – 0.98   44.74 41.86 

Burton51 15 0.95 0.86 – 0.98   31.58 32.38 

Boocock39 12 0.86 0.57 – 0.96   23.68 25.76 

Total 

(fixed effects) 
47 0.94 0.89 – 0.97 10.82 <0.001 100.00 100.00 

Total 

(random effects) 
47 0.94 0.88 – 0.97 9.3 <0.001 100.00 100.00 

Note: Heterogeneity test: Q=2.61; DF=2; p=0.271; I²=23.33%; 95% IC for I²=0.00 – 97.43.  
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Table 5. Meta-analysis result for intra-rater reproducibility of the Flexicurve instrument for lumbar flexion movement 

Study 
Sample 

Size 

Correlation 

Coefficient 

(r) 

95% IC z p 
Weight (%) 

 

Fixed Random 

Tillotson50 20 0.95 0.88 – 0.98   44.74 44.74 

Burton51 15 0.95 0.85 – 0.98   31.58 31.58 

Boocock39 12 0.86 0.57 – 0.96   23.68 23.68 

Total 

(fixed effects) 
47 0.94 0.88 – 0.97 10.51 <0.001 100.00 100.00 

Total 

(random effects) 
47 0.94 0.88 – 0.97 10.51 <0.001 100.00 100.00 

Note: Heterogeneity test: Q=1.99; DF=2; p=0.369; I²=0.00%; 95% IC for I²=0.00 – 96.63. 

 

Table 6. Meta-analysis result for intra-rater reproducibility of the inclinometer instrument for lumber extension movement 

Study 
Sample 

Size 

Correlation 

Coefficient 

(r) 

95% IC z p 
Weight (%) 

 

Fixed Random 

Mellin35 27 0.72 0.47 – 0.86   72.73 53.22 

Boocock39 12 0.96 0.86 – 0.99   27.27 46.78 

Total 

(fixed effects) 
39 0.83 0.69 – 0.91 6.84 <0.001 100.00 100.00 

Total 

(random effects) 
39 0.88 0.36 – 0.98 2.69 0.007 100.00 100.00 

Note: Heterogeneity test: Q=7.06; DF=1; p=0.079; I²=85.83%; 95% IC for I²=43.14 – 96.47.  
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Table 7. Meta-analysis result for intra-rater reproducibility of the inclinometer instrument for lumbar flexion movement 

Study 
Sample 

Size 

Correlation 

Coefficient 

(r) 

95% IC z p 
Weight (%) 

 

Fixed Random 

Mellin35 27 0.91 0.81 – 0.96   72.73 69.84 

Boocock39 12 0.96 0.86 – 0.99   27.27 30.16 

Total 

(fixed effects) 
39 0.93 0.86 – 0.96 9.43 <0.001 100.00 100.00 

Total 

(random effects) 
39 0.93 0.86 – 0.96 8.61 <0.001 100.00 100.00 

Note: Heterogeneity test: Q=7.06; DF=1; p<0.079; I²=85.83%; 95% IC for I²=43.14 – 96.47. 

 

 

Table 8. Meta-analysis result for intra-rater reproducibility of the video analysis system instrument for lumber extension movement 

Study 
Sample 

Size 

Correlation 

Coefficient 

(r) 

95% IC z p 
Weight (%) 

 

Fixed Random 

Gill44 10 0.85 0.47 – 0.96   20.59 27.22 

Dopf22 30 0.94 0.88 – 0.97   79.41 72.78 

Total 

(fixed effects) 
40 0.93 0.86 – 0.96 9.56 <0.001 100.00 100.00 

Total 

(random effects) 
40 0.92 0.83 – 0.97 7.49 <0.001 100.00 100.00 

Note: Heterogeneity test: Q=1.29; DF=1; p=0.256; I²=22.53%; 95% IC for I²=0.00 – 100.00. 
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Table 9. Meta-analysis result for intra-rater reproducibility of the video analysis system instrument for lumbar flexion instrument 

Study 
Size 

Sample 

Correlation 

Coefficient 

(r) 

95% IC z p 
Weight (%) 

 

Fixed Random 

Gill44 10 0.87 0.53 – 0.97   20.59 20.59 

Dopf22 30 0.94 0.88 – 0.97   79.41 79.41 

Total 

(fixed effects) 
40 0.93 0.87 – 0.96 9.65 <0.001 100.00 100.00 

Total 

(random effects) 
40 0.93 0.87 – 0.96 9.65 <0.001 100.00 100.00 

Note: Heterogeneity test: Q=0.92; DF=1; p=0.340; I²=0.00%; 95% IC for I²=0.00 – 0.00. 

 

 

Table 10. Meta-analysis result for inter-rater reproducibility of the video analysis system instrument for lumbar extension movement 

Study 
Sample 

Size 

Correlation 

Coefficient 

(r) 

95% IC z p 
Weight (%) 

 

Fixed Random 

Gill44 10 0.96 0.83 – 0.99   20.59 44.13 

Dopf22 30 0.76 0.55 – 0.88   79.41 55.87 

Total 

(fixed effects) 
40 0.83 0.69 – 0.91 6.95 <0.001 100.00 100.00 

Total 

(random effects) 
40 0.89 0.46 – 0.98 3.00 0.003 100.00 100.00 

Note: Heterogeneity test: Q=5.01; DF=1; p=0.025; I²=80.05%; 95% IC for I²=14.25 – 95.36. 
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Table 11. Meta-analysis result for inter-rater reproducibility of the video analysis system instrument for lumbar flexion movement 

Study 
Sample 

Size 

Correlation 

Coefficient 

(r) 

95% IC z p 
Weight (%) 

 

Fixed Random 

Gill44 10 0.93 0.72 – 0.98   20.59 37.93 

Dopf22 30 0.76 0.55 – 0.88   79.41 62.07 

Total 

(fixed effects) 
40 0.81 0.66 – 0.90 6.60 <0.001 100.00 100.00 

Total 

(random effects) 
40 0.85 0.55 – 0.95 3.88 <0.001 100.00 100.00 

Note: Homogeneity test: Q=2.44; DF=1; p=0.119; I²=58.97%; 95% IC for I²=0.00 – 90.33. 

 


