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Abstract.
BACKGROUND: A validated method to assess sitting and standing posture in a clinical setting is needed to guide diagnosis,
treatment and evaluation of these postures. At present, no systematic overview of assessment methods, their clinimetric properties,
and usability is available.
OBJECTIVE: The objective of this study was to provide such an overview and to interpret the results for clinical practice.
METHODS: A systematic literature review was performed according to international guidelines. Two independent reviewers
assessed risk of bias, clinimetric values of the assessment methods, and their usability. Quality of evidence and strength of
recommendations were determined according to the Grading of Recommendations Assessment, Development and Evaluation
working group (GRADE).
RESULTS: Out of 27,680 records, 41 eligible studies were included. Thirty-two assessment instruments were identified, clustered
into five categories. The methodological quality of 27 (66%) of the articles was moderate to good. Reliability was most frequently
studied. Little information was found about validity and none about responsiveness.
CONCLUSIONS: Based on a moderate level of evidence, a tentative recommendation can be made to use a direct visual
observation method with global posture recorded by a trained observer applying a rating scale.
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1. Introduction 1

Among musicians, there is a high prevalence of mus- 2

culoskeletal complaints [1]. A causal relation is often 3

assumed between ‘poor’ postures and musculoskeletal 4

complaints in both musicians and non-musicians [2–6]. 5

Identification of asymmetries and other ‘abnormali- 6
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ties’ during static positions is a common procedure7

in the clinical practice of music medicine, physi-8

cal therapy, rehabilitation medicine, and occupational9

medicine [7,8]. It is not clear what a ‘poor’ or ‘risky’10

posture may be [9–12], nor is there agreement about11

ways to perform and record observations of sitting and12

standing poses with a valid, reliable, and clinically us-13

able method.14

Reliable information about (working) posture is vital15

in the diagnosis and treatment of patients with muscu-16

loskeletal complaints, to detect potentially risky poses,17

under the assumption that changing these postures will18

decrease the problems [3,13–16]. Besides, evaluating19

the results of therapy and comparing the effects of dif-20

ferent treatments to improve posture requires an assess-21

ment method that is sensitive to posture changes.22

Despite a wide range of literature about aspects of23

posture assessment, there is little literature about the24

clinimetric elements of the measurement methods used25

in daily practice. This is the case for musicians, but also26

non-musicians. As far as we are aware, there have been27

few systematic reviews performed following the inter-28

national guidelines and focusing on assessment meth-29

ods for global poses – as opposed to specific aspects30

of posture – that might be suitable for any standing or31

sitting patient (including musicians). Musicians are sin-32

gled out here as they are a subgroup of patients with a33

high prevalence of musculoskeletal complaints [1], and34

therefore of particular interest in clinical practice.35

The most valid and reliable assessment methods,36

such as multi-camera systems like Optotrak, Vicon, Mo-37

tion Analysis, or Surface Topography Systems [17–20],38

are expensive and time-consuming, making large-scale39

use of this kind of instrumentation in routine clinical40

settings unrealistic. On the other hand, the widely used41

assessment method for posture in everyday practice,42

i.e., the visual observation by a clinician, seems to have43

low intra- and inter-observer reliability [7,21]. More-44

over, visual inspection usually is not performed in a45

standardized way. Although the training of observers46

appears to improve the levels of agreement, they are47

still on a moderate level [20,22].48

In order to find a clinically useful and reliable method49

to assess posture, especially one which can be used50

in the treatment of juvenile and adult musicians, we51

performed a systematic review to identify a clinically52

useful and reliable method to assess static posture. This53

study aimed to provide an overview of the clinimetric54

and feasibility properties of the assessment methods55

for static standing and/or sitting posture in a routine56

clinical setting and to interpret the findings for clini-57

cal practice. Given the limited number of publications 58

focusing on musicians, we have widened the scope of 59

our review to include posture assessment of all kinds of 60

sub-populations in clinical practice. 61

2. Methods 62

2.1. Operationalization of the research objective 63

The terms used in describing the aim of the study 64

were defined as follows: 65

– ‘Assessment method for posture’ includes all types 66

of standardized methods by which the posture of a 67

human being can be assessed visually or with the 68

help of, e.g., photography. 69

– ‘Clinimetric properties’ (including interpretation, 70

recording, and evaluation) can be assessed in qual- 71

itative ways (e.g. ‘good/not good’, ‘risky posture’ 72

or ‘better/worse’) and/or quantitative ways (e.g. 73

‘millimeters/degrees’, ‘data plotted against refer- 74

ence data for a population’ or ‘difference in mil- 75

limeters/degrees’). 76

– ‘Suitable for routine practice in a normal clinical 77

setting’ means that the instrument is inexpensive, 78

not too space-consuming, transportable, and easy 79

to use without extensive training. Similar require- 80

ments apply to the technical aspects. It is essential, 81

for example, that the data obtained should be de- 82

livered to health care professionals such as phys- 83

ical therapists, ergonomists, and physicians in a 84

simple format and without delays. 85

– ‘Posture’ is the alignment or orientation of the 86

body segments while maintaining a position [23]. 87

∗ ‘Static’ means that the aspects of movement, 88

maintaining balance, or other time-related dy- 89

namics are not included. 90

∗ ‘Sitting posture,’ in the absence of an in- 91

ternationally agreed scientific definition [24], 92

we define this as the situation in which the 93

body is resting on a seat on the buttocks or 94

haunches [25]. 95

∗ ‘Standing posture’ is the position in which a 96

person stands upright with at least one foot on 97

the ground for more than 4 seconds while re- 98

maining within a 1 m2 area [26]. 99

2.2. Search 100

First, electronic medical databases, one trial regis- 101

ter, and additional non-electronic channels (grey litera- 102
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Table 1
In- and exclusion criteria

Inclusion criteria (Pool 1-4A)# Exclusion criteria (Pool 4A)#

1 All languages 1 Articles about assessment instruments for the range of movement or
movement

2 Articles about assessment instruments of the observation
of > 1 domain of body posture(s)

2 Articles about assessment instruments for body balance

3 Articles about assessment instruments and the assessment
method of posture

3 Articles about assessment instruments using a (skills)lab or other complex/
expensive/time spending method not applicable for daily use

4 Articles about assessment instruments based on validation
of the instrument (level of evidence A2, B or C*)

4 Articles about assessment instruments measuring over a period of team, with
e.g. the mean or number of posture frequencies over time as outcome

5 Articles about assessment instruments based on interpretation by the authors
(systematic review or experts opinion: level of evidence A1 or D*)

6 Articles about assessment instruments that provided insufficient Information
to allow adequate interpretation of outcome measures and results

Additional exclusion criteria (Pool 4B)#

7 Non-English papers
8 Papers published before 1990
9 Articles about assessment instruments of the observation of < 2 abutting

domains of body posture(s) (e.g. head and lower extremities)
#Pool 4A of records: the pool of potential relevant records in the initial search, Pool 4B: final pool of included records, created by additional
exclusion criteria for reasons of handling (see text). ∗CBO-Levels of Evidence (2007): see www.cbo.nl for detailed Information.

ture) were searched for eligible articles. The database103

search was conducted on December 1, 2017, following104

the Cochrane guidelines for systematic reviews of di-105

agnostic tests [27]. It covered the electronic databases106

Cochrane (1940–2017), Medline (PubMed) (1950–107

2017), Embase (1974–2017), CISDOC (1901–2017),108

ScienceDirect (1997–2017), Web of Science (1900–109

2017) and CINAHL (1977–2017). An additional search110

(using the search terms ‘posture AND assessment’)111

was performed in ClinicalTrials.gov in December 2017.112

‘Grey literature’ was searched from December 1, 2014113

through December 31, 2017.114

Search terms (MeSH and non-MeSH terms) were di-115

vided into three domains: ‘the instrument’ (e.g. method,116

instrument, technique); ‘the goal of the instrument’ (e.g.117

assessing, screening, examining); and ‘posture’ (e.g.118

upright position, posture, seated position). We com-119

bined individual search terms within each of the do-120

mains with the Boolean operator ‘OR’. The three do-121

mains themselves were combined with the Boolean op-122

erator ‘AND’. It was anticipated that a massive amount123

of records would emerge from the databases, given the124

broad scope of the search terms, and since this is a125

common feature of systematic reviews about measure-126

ment properties [28]. Therefore, to keep the number of127

records manageable, we added a fourth domain linked128

to the other three by the Boolean operator ‘NOT’ to129

exclude non-relevant titles. Search items were added to130

this fourth domain until the number of records in the131

first database (Medline) had dropped to below 15,000132

documents (Supplementary Table S1). In the proce-133

dure to reduce the number of titles by using ‘NOT’ +134

MeSH-terms, and in order not to lose any potentially 135

relevant records, we checked the validity of the proce- 136

dure by checking whether three of the very appropriated 137

records [11,22,29] found in a previous explorative re- 138

view (performed by our group) remained in the pool of 139

papers. The search strategies differed slightly for each 140

database (Supplementary Table S1). We searched the 141

references of the relevant papers, as were the reference 142

lists of articles thus identified, and the reference lists 143

of 13 identified review papers about posture assess- 144

ment [8,11,22,30–39]. ‘Grey’ literature was collected 145

through various non-electronic channels, i.e., via col- 146

leagues, from books, and using a hand search of the 147

journal Medical Problems of Performing Artists from 148

1986 to 2000. Finally, duplicate articles were removed. 149

2.3. Selection 150

The selection procedure is presented in Supple- 151

mentary Fig. S1. Titles, abstracts, and full texts were 152

screened independently by two reviewers (KHW and 153

JK), in three stages, for their eligibility according to the 154

inclusion and exclusion criteria. This resulted in three 155

pools of potentially relevant records (pools 2, 3, and 156

4a), as shown in Table 1. Additional exclusion criteria 157

were added after pool 4A had been created because 158

the number of articles was still too large: we excluded 159

articles in other languages than English, articles about 160

assessment instruments limited to the observation of 161

< 2 adjacent domains of body posture(s) (e.g., back 162

and lower extremities), and articles published before 163
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1990. This resulted in the final pool 4b (see Table 1 for164

inclusion and exclusion criteria).165

At each stage of the screening (title, abstract, and full166

text), the reviewers (KHW and JK) met and resolved167

disagreement about individual citations through con-168

sensus or, if necessary, by consulting a third reviewer169

(AMB). The two reviewers merged the data into one170

database and checked whether all data had been entered171

correctly. The same procedure was performed for en-172

tering data in the final tables and figures. The level of173

agreement between the two reviewers was calculated at174

all stages using % agreement and Cohen’s kappa.175

2.4. Missing information176

If papers about the clinimetric values of an assess-177

ment instrument referred to other publications about178

the development of that instrument, we included these179

papers as part of the first paper. If data extraction was180

not possible, additional information was obtained by181

contacting the authors listed in the article. Missing in-182

formation was recorded in the final critical appraisal183

tables.184

2.5. Assessment of quality185

The methodological quality of each included study186

was assessed independently by the two researchers187

using the Quality Assessment of Diagnostic Accu-188

racy Studies-II (QUADAS-II) checklist [40] and the189

COnsensus-based Standards for the Selection of health190

Measurement INstruments (COSMIN) [41,42]. The191

combined use of these two checklists provided com-192

plementary information, despite some overlap: items 3,193

4, and 14 in QUADAS-II are identical to H4, B7, and194

F1, F2, H5, respectively, in COSMIN. Most questions195

in COSMIN that refer to the presence of restrictions196

regarding design requirements and statistical methods197

ask for more details in comparison to the QUADAS-II198

items. Items 1, 2 and 6–13 of the QUADAS-II are not199

included in COSMIN.200

The QUADAS-II instrument consists of four do-201

mains: patient selection, index test, reference standard,202

and ‘flow and timing’ (flow of patients through the203

study and timing of the index tests and reference stan-204

dard) [40]. We graded the risk of bias in patient selec-205

tion, index test, reference standard, and flow and timing206

as high, unclear, or low. The same assessment strategy207

was used for applicability regarding patient selection,208

index test, and reference standard.209

The items (boxes) of COSMIN [41,42] were used210

to determine the clinimetric values of the instruments. 211

The correlation coefficient of reliability was interpreted 212

as follows: values > 0.75 as good, those between 0.50 213

and 0.75 as moderate, and those < 0.5 as poor reliabil- 214

ity [43]. Interpretation of the correlation coefficient for 215

criterion and concurrent validity was as follows: values 216

> |0.70| as strong, between |0.3| and |0.70| as moderate, 217

and values 6 |0.3| as weak [38]. 218

We developed a self-constructed customized check- 219

list (Supplementary Table S2) to measure the clinical 220

usability of each measurement instrument for posture. 221

Aspects included in the list were readability of the in- 222

structions, comprehensibility, time required to adminis- 223

ter the tool, physical requirements (e.g., camera, space, 224

researcher), and the effort involved in interpretation. 225

Each aspect was scored with points ranging from −2 226

to 2 or −1 to 1. A sum score for each posture mea- 227

surement instrument was calculated by summing the 228

item scores. Sum scores were calculated for both the 229

clinimetric aspects and clinical usability to enable us to 230

balance the clinical use and scientific support for each 231

measurement instrument. 232

Results were aggregated and interpreted according 233

to the framework for therapeutic and diagnostic tests 234

developed by the Grading of Recommendations Assess- 235

ment, Development, and Evaluation (GRADE) working 236

group [44–49]. The framework for therapeutic studies 237

covers five aspects of quality of evidence (study design, 238

inconsistency of results, indirectness of evidence, im- 239

precision, and reporting bias) and four elements of the 240

strength of recommendation (quality of the evidence, 241

uncertainty about the balance between desirable and 242

undesirable effects, uncertainty or variability in values 243

and preferences, and uncertainty about whether the in- 244

tervention involves extensive use of resources) [45]. 245

Details about categorizing the above five aspects, aggre- 246

gation of the different scores according to the GRADE 247

framework, and calculation strength of recommendation 248

are provided in Supplement Text 1. 249

We determined the probability of publication bias by 250

comparing the size of the study sample with the level 251

of the inter-rater reliability values. If smaller studies 252

(< 30 participants) had higher inter-rater reliability val- 253

ues than the more extensive studies (> 30 participants), 254

this could be an indication of publication bias. 255

We used the Preferred Reporting Items for System- 256

atic Reviews and Meta-Analyses (PRISMA) checklist 257

of ‘items to include when reporting a systematic re- 258

view’ [50] and the checklist ‘A Measurement Tool to 259

Assess Systematic Reviews’ (AMSTAR) [51] to opti- 260

mize our reporting of the present review. The study pro- 261

tocol was accepted for registration in the PROSPERO 262

register (no. CRD42017041711). 263
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Fig. 1. Flowchart of the screening process.

3. Results264

3.1. Search265

The first search identified 27,680 papers, 389 of266

which were retrieved in full text and screened for eli-267

gibility. In the end, 41 of these papers we included in268

the review. Results of the screening and selection pro-269

cess are presented in Fig. 1. For one record, [21] the270

decision to incorporate was made by the third reviewer271

(AMB). In the final step of the selection process, the272

agreement between the two screeners was good (K =273

0.66) (Fig. 1). Because some studies included more274

than one method and/or clinimetric value as an outcome275

parameter, the sum of results can be different from 41.276

Main reasons for exclusion of full text papers were 200277

papers related to the study of only one body part, 35278

papers in non-English/Dutch, and 37 papers focused279

on measurement instruments not available in routine280

practice (like VICON).281

Data relating to standing and sitting postures are pre-282

sented in Supplement Table 5; twenty-two studies re-283

ported data about standing position, five studies about 284

sitting posture, while sixteen studies reported mixed 285

data about both standing and sitting postures. 286

3.2. Study characteristics 287

The characteristics of the included studies are pre- 288

sented in Supplementary Table S3. Twenty-nine stud- 289

ies focused on the intra- and inter-rater reliability of 290

an assessment instrument, and six on test-retest relia- 291

bility. Eleven studies assessed clinimetric aspects con- 292

cerning the reliability and validity of one assessment 293

instrument. Seven out of the 13 articles about validity 294

concerned concurrent or criterion validity, an item not 295

included in the COSMIN checklist [41]. The eight stud- 296

ies comparing two instruments – neither of which was 297

considered the gold standard – were evaluated using the 298

COSMIN Box (Box H) for criterion validity. We chose 299

one of these two instruments as the reference standard 300

and considered to be the gold standard, though with the 301

qualification of ‘not a good gold standard’. 302

Studies concerning aspects of validity were incom- 303
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Fig. 2. Graphical display of the QUADAS-II assessments (data from Supplement S4). Risk of bias/applicability: diagonal shading = Low; dotted
shading = unclear; solid shading = high; horizontal shading = not applicable.

plete, and the diversity of the validity items was vast.304

The study settings were mainly work, laboratory, or305

school. The total study sample consisted of over 2,600306

men and women, aged 5–86 years, with a majority of307

the sample aged between 18 and 40 years. The study308

sample of 27 studies was the adult working and/or gen-309

eral population, while six studies focused on children310

(< 18 years) and only two on musicians.311

3.3. Study quality312

The results of our critical appraisal of the study qual-313

ity are presented in Supplementary Table S4 and Fig. 2314

(QUADAS-II) [40]. The methodological quality of the 315

studies varied considerably (Fig. 2): 11 out of 41 papers 316

(26.8%) had a score of excellent, with a low risk of bias, 317

low concern regarding applicability, or a maximum of 318

one ‘unclear’ rating for all items scored. Sixteen studies 319

(39.0%) had a score of moderate, with a maximum of 320

three ‘unclear’ grades, one high risk of bias, or ma- 321

jor concern regarding applicability. Thus, 66% of the 322

studies had at least a moderate level of methodological 323

quality. The rest of the papers (34%) had a poor level, 324

with at least two high risks of bias or major concerns 325

about applicability and/or at least four ‘unclear’ ratings. 326

Risk of financial conflicts is not listed in the 327
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Fig. 3. Inter-observer reliability of the assessment instruments per category. Coefficient type: solid line = ICC; dashed line = ICC (High Quality
study); long dashed line = Kappa. Asterisk = multiple instruments in study.

QUADAS-II, but is important in view of study qual-328

ity. From 31 out of 41 papers the authors reported329

no conflicts of (financial) interest, from nine papers330

it was not clear if there was a conflict of inter-331

est [6,21,54,63,65,69,70,73,77], but one paper [78]332

mentioned that the first author was paid by the manu-333

facturer (of Posture-Print).334

3.4. Characteristics of assessment instruments335

We identified a total of 32 assessment instruments336

(Supplementary Table S5). These were categorized into337

five groups of assessment methods:338

1. Direct body measurement339

2. Indirect body measurement (via photograph/video340

still)341

3. Direct visual observation342

4. Indirect visual observation (via photograph/video343

still)344

5. Digital measurement: software interpretation of345

digital 2D-3D photographs/video stills346

In 22 (53.7%) of the studies, a continuous scale was347

predefined for recording the scores obtained. The head348

and trunk were the most frequently studied body do-349

mains (in 38 articles). The upper and lower extremity350

domains were less often studied, in 31 and 23 stud- 351

ies, respectively, and the least studied was the center of 352

mass domain (in five papers). Twenty-six instruments 353

covered the assessment of three or four body domains, 354

while ten tools assessed two adjacent body domains. 355

3.5. Clinimetric values of assessment instruments 356

The clinimetric values of the different assessment 357

instruments for the observation of posture are listed 358

in Supplementary Table S6. For none of the assess- 359

ment instruments/methods were all items of validity 360

and reliability reported. Two studies reported content 361

or construct validity, while none of the studies reported 362

responsiveness. 363

Most papers concerned the intra- and inter-rater reli- 364

ability, with 19 and 29 studies, respectively. We, there- 365

fore, decided to use inter-rater reliability to compare 366

the five categories of assessment instruments, to obtain 367

some indication of one of the clinimetric properties of 368

the tools. 369

Figure 3 shows a wide dispersion of values in all cat- 370

egories of assessment instruments. The nature of these 371

items strongly influences the inter-rater reliability val- 372

ues of some posture assessment items (e.g., reliability 373
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of the assessment of the degree of rotation of a posture374

domain, or frontal view in comparison to sagittal view).375

This phenomenon was found for all five categories of376

observation methods. The 11 studies with the highest377

methodological quality scores according to QUADAS-378

II, were distributed across two groups of assessment379

methods: nine studies concerned a digital and two stud-380

ies a visual direct approach.381

Fourteen studies about reliability used measurement382

error as an indicator; one concerned an indirect body383

assessment instrument and three concerned indirect vi-384

sual assessment, while the remaining ten studies con-385

cerned the category of digital assessment instruments.386

The values for standard error of measurement, minimal387

detectable difference, or standard deviation were low388

(0.001–9 mm/0.20–3.8o, with two outliers of 23 mm389

and 28o). The coefficient of variation varied consider-390

ably, with wide confidence intervals [54,64,76,80].391

We observed no relevant differences between the392

clinimetric and usability values of the measurement393

methods for either standing or sitting postures.394

3.6. Clinical usability of the assessment instruments395

The clinical usability scores of the different assess-396

ment instruments and categories are given in Supple-397

mentary Table S7 and graphically presented in Fig. 4.398

The direct and indirect visual assessment instrument399

categories had the highest clinical usability scores.400

To enable a tradeoff between the inter-rater reliabil-401

ity values and the clinical usability of the assessment402

instrument groups, we presented these data for each403

category in Fig. 5.404

The ideal assessment instrument should have high405

clinimetric values as well as excellent clinical usability.406

The methods that came closest to this ideal were one407

method in the direct [58] and one in the indirect [69]408

visual assessment categories. Next to these two studies,409

one other direct visual way [70] and three visual indirect410

assessment methods [57,72,87] were identified. Five out411

of these six methods use a rating scale for recording the412

visual assessment. The categories of digital and body413

assessment instruments scored high on inter-observer414

reliability but lowered on clinical usability.415

3.7. Aggregation of results416

Table 2 summarizes the findings. The number of417

studies in each of the five categories was small to mod-418

erate (range 2–16). Of the five categories, the highest419

number of studies concerned digital methods and direct420

Fig. 4. Clinical usability scores of the assessment instruments Type of
instrument: solid circle = body direct; solid triangle = body indirect;
solid square = digital; plus sign = visual direct; cross in square sign
= visual indirect. Asterisk = multiple instruments in study.

and indirect visual methods. All included studies had 421

a cross-sectional design, so ratings of the level of evi- 422

dence of all methods were restricted to a maximum of 4 423

points. A wide range of values was found regarding the 424

evaluation of risk of bias, concerns about applicability, 425

consistency of outcomes, and usability scores. 426

The Visual Direct Measurement methods is the only 427

group of measurement instruments that can be weakly 428

recommended to use as a usable method of measuring 429

global posture in routine practice. For the other groups 430

it is strongly recommended not to use these methods, 431

based on the results of this systematic review. 432

The risk of publication bias is presented in Supple- 433

mentary Table S8. We assume that there is a risk of 434

publication bias because there were only two exten- 435

sive studies (> 30 participants) identified with high- 436

reliability values, compared to the 8–10 large studies 437

with moderate or low values. The total number of small 438

and comprehensive studies is respectively 17 and 13, 439

but this difference seems not to be an indication for 440

significant publication bias. 441
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Fig. 5. Inter-rater reliability versus clinical usability of the assessment instruments. Coefficient type: solid line = ICC; dashed line = ICC (High
Quality study); long dashed line = Kappa.

4. Discussion442

This systematic review aimed to provide an overview443

of the clinimetric properties of assessment methods for444

static standing and/or sitting posture in routine clin-445

ical settings and to interpret the findings for clinical446

practice. We identified thirty-two instruments for the447

clinical assessment of sitting and/or standing position.448

The tools were divided over five categories: assessment449

methods using direct body measurements, indirect body450

measurements (via photographs/video stills), direct vi-451

sual observations, indirect visual observations, and dig-452

ital assessment methods (using any form of software to453

collect information from photographs/video stills).454

The following five tentative conclusions were drawn.455

Firstly, the direct and indirect visual assessment instru-456

ments, using a rating scale to record the aspects of pos-457

ture, seem to have the best combination of inter-rater458

reliability and usability. Secondly, we found little and459

incomplete data about validity-related elements and no460

data about responsiveness. Thirdly, the inter-rater re-461

liability values of some posture assessment items are462

strongly influenced by the nature of these items (e.g.,463

the reliability of assessing the degree of rotation of a464

posture domain, or frontal view in comparison to sagit-465

tal view). This phenomenon is applied to all five cate-466

gories of observation methods. Fourthly, the measure-467

ment error values (standard error of measurement, min-468

imal detectable difference, and/or standard deviation) 469

are generally low (< 40 or < 9 mm). Fifthly, a weak 470

recommendation (GRADE level B), based on a mod- 471

erate level of evidence, can be made for clinicians to 472

use the direct visual observation method, using a rating 473

scale, and having it administered by a trained observer. 474

However, the indirect visual observation method has a 475

comparable best combination of inter-rater reliability 476

and usability as the direct visual observation method, 477

but because of other clinimetric aspects we recommend 478

not to use this method in clinical practice. This recom- 479

mendation is valid for all the other assessment method 480

categories. 481

The conclusions are partly in line and sometimes 482

conflicting with findings from other reviews [8,11,22, 483

30–39]. The most similar systematic review [22] about 484

the assessment of biomechanical exposures at work 485

(evaluating both global posture and individual body do- 486

mains) concluded that none of the observation meth- 487

ods is superior to the others and that global body pos- 488

tures are the most reliable to measure. Our present re- 489

view comes to different conclusions, as shown by the 490

differences in inter-rater reliability values between the 491

five categories; e.g., the inter-rater reliability values for 492

the direct and indirect body measurement methods are 493

higher than those for the other groups, and there are 494

apparent differences between the five categories in the 495

trade-off between inter-rater reliability and usability 496
497
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values (with the highest values both being found for the498

direct and indirect visual observation methods). As far499

as we know, we are the first that recommend not to use500

most of the assessment methods for global posture in501

clinical practice. On the other hand, the wide range of502

values we found means that, like Takala et al. [22], we503

can only draw tentative conclusions.504

There are several reasons why we need to be care-505

ful in drawing too-firm conclusions. The main reason506

is that for most assessment methods, it is only the re-507

liability that has been thoroughly studied, while the508

other clinimetric properties are unknown. Another rea-509

son is that it is not known to what extent the clinimet-510

ric features of the instruments designed to assess the511

posture of one body domain are comparable with those512

of devices intended for the assessment of all of these513

body domains or the global body posture. Our full-text514

screening excluded 200 papers about assessing the pose515

of a single body domain. The systematic review by516

Takala et al. [22] included both single body domain and517

global posture observation studies. Still, it is not clear518

how many articles were identified in their paper (in the519

absence of a flow diagram of the screening procedure).520

Hence, comparing the outcomes of our study with those521

of the study by Takala et al. [22] is difficult.522

Fortin et al. [11] concluded in their narrative review523

that the quantitative assessment of global posture is524

performed most accurately and rapidly by measuring525

body angles from photographs. This conclusion might526

be based on their studies of single body domains. The527

results of our review (about global posture) are not in528

agreement with this. We found that the digital assess-529

ment methods are more suitable for this goal, especially530

with the advent in recent years of a wide range of new531

posture assessment apps and photogrammetry software532

(sometimes freely available on the internet) [36,37].533

These are promising assessment methods that might be534

expected to yield high clinimetric and clinical usabil-535

ity values shortly. These new methods have, however,536

not yet been tested in validation studies. Moreover, the537

application of photogrammetry in postural evaluation538

is directly dependent on both the collection procedures539

and the mathematical methods used to provide mea-540

surements. In line with Fortin et al. [11] and Furlanetto541

et al. [33], we found that the used postural evaluation542

software varies significantly among the studies, with543

often no explanation about the methods used to generate544

the results. Besides, the software is often not accessi-545

ble [33]. This lack of data makes it difficult to interpret546

data synthesis rules within these ‘black boxes’.547

In the studies included in our review, the measure-548

ment error values at the participant group level per549

study were low, but the confidence intervals were wide. 550

This wideness is due to a combination of variations 551

in marker placement, differences in parameter defini- 552

tions, body position, perspective error (due to camera 553

position), and especially biological variability (particu- 554

larly among children due to anthropometric and motor 555

control immaturity). No conclusion can, therefore, be 556

drawn about the ecological validity or the interpretation 557

of these values for individuals in a clinical setting. 558

The major strengths of our study are a large num- 559

ber of screened and included records, the fact that our 560

conclusions are based on papers of which the majority 561

had moderate to good methodological quality, and the 562

fact that all procedures as much as possible followed 563

the international standards for performing (Cochrane, 564

PRISMA) [27,50] and reporting (AMSTAR) [51] sys- 565

tematic reviews, the systematic and explicit approach 566

(GRADE) [44–49] we judged the quality of evidence 567

and explicit recommendation for clinicians. 568

Potential limitations of the study are, in theory, a risk 569

of selection bias of articles and a possible bias in the 570

process of interpreting and aggregating the findings. 571

The risk of selection bias is especially relevant for sys- 572

temic reviews with a broad topic, resulting in a large 573

amount of papers as search result [28]. This is an in- 574

evitable consequence of the inclusion of terms such as 575

posture, validity and reliability. Consulted experts in 576

this field had no additional suggestions for minimizing 577

this source of bias. Main reason for exclusion of full 578

text papers were papers related to the study of only one 579

body part. For future reviews, we suggest to analyze 580

these excluded papers, arranged per body domain. The 581

sum of these domain outcomes might be different from 582

global posture. 583

The risk of selection bias due to publication bias can 584

also be assumed to be relevant. However, the total num- 585

ber of small and large studies didn’t differ that much, 586

but because of the low number of extensive studies as- 587

signed to the high class of correlation coefficients for 588

the outcomes [43]. There were many choices to be made 589

during the process of interpretation and aggregation, 590

and each of these options required weighing the evi- 591

dence. The guidelines offer no solution to this problem. 592

An explicit description of the arguments for our choices 593

is provided in this article as much as possible. 594

Another limitation of the study is that we based the 595

usability values of the assessment instruments on a self- 596

constructed scoring list. We are aware of the subjective 597

nature of this list. As far as we know, there is no objec- 598

tive way to score clinical usability. Before the start of 599

the study, we asked several clinicians to review the scor- 600
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ing list. Most of the discussions and subjective views601

concerned the item of ‘cost price of the assessment602

instrument’. There were different opinions about the603

criteria for the various intervals, e.g., depending on the604

clinical setting (in that the estimation and acceptability605

of the costs for an instrument used by many therapists606

in rehabilitation centers differ from those of the same607

device used by a single therapist in a peripheral physical608

therapy practice). The cost-price item was also difficult609

to divide into classes, as little information about it was610

presented in the papers we reviewed. The bias due to611

this uncertainty might be that the actual clinical usabil-612

ity scores may be one or two points higher, especially613

in the indirect assessment categories and the digital cat-614

egory (as these methods use technical support in some615

form).616

Another potential source of bias might be a conflict617

of financial interest. Although we assume that for the618

majority of the nine papers without any statement in this619

respect [6,21,54,63,65,69,70,73,77] this seemed not a620

major source of bias, it might be a possibility, especially621

in the group of Digital Measurement Instruments [78].622

Manufacturers of products from the latter group have a623

direct interest in excellent clinimetric outcomes.624

Presenting separate data for the sitting or standing625

posture was only partly possible in our review. Several626

studies showed combined data for both poses, while in627

others, it was unclear whether either postures or just628

one had been included. The consequences of this omis-629

sion are small; however, as the clinimetric and usability630

values of the assessment methods are similar for both631

postures.632

It is not clear to what extent the conclusions of our633

review are generalizable to subpopulations; we found634

insufficient papers about, e.g., musicians, age groups,635

patients versus healthy people. What little information636

we could retrieve from the studies does not appear to637

show relevant differences, except that a lower level of638

reliability has to be taken into account with younger639

children, as their balance maintenance is less mature640

than that in adults [74].641

In line with Takala et al. [22] and Furlanetto et642

al. [33], we support that selecting a clinical assessment643

method for posture should be based on the clinician’s644

purpose. Based on our review, it seems best to recom-645

mend for the direct visual assessment method, as these646

provide the best combination of clinimetric and usabil-647

ity values. However, these instruments are less appro-648

priate for the quantification and evaluation of posture649

and are less responsive to change.650

The direct visual observation method is best for situ-651

ations where a (quick) qualitative observation of pose is652

required, and/or an estimated quantitative and/or qual- 653

itative evaluation of posture (e.g., classification in a 654

rating scale with three classes). 655

Given the near absence of studies evaluating the con- 656

struct validity or predictive validity of assessment in- 657

struments for static sitting and standing positions, we 658

recommend clinicians to use with caution any possible 659

assessment method for the detecting of postures at risk 660

for musculoskeletal complaints. We also found little 661

information about the criterion validity aspects. In other 662

words, assumptions about what is relevant in assessing 663

and judging static postures – in terms of carrying a risk 664

of musculoskeletal complaints – should be critically 665

reconsidered. In terms of the GRADE framework, the 666

level of recommendation for most diagnostic instru- 667

ments is often low, because data about these aspects are 668

scarce [48]. Based on these arguments, we tentatively 669

recommend the use of the standardized direct visual 670

observation method for the assessment of static posture. 671

The results of our review do not support the use of other 672

tools in clinical practice. 673

5. Conclusion 674

Based on a moderate level of evidence, a weak rec- 675

ommendation can be made for using the direct visual 676

assessment method (with posture recorded as rating 677

scores by a trained observer) to assess sitting and/or 678

standing pose in daily clinical practice. Little and in- 679

complete information was found about validity-related 680

aspects and no data about responsiveness. For all five 681

categories of observation methods, the inter-rater re- 682

liability values of some posture assessment items are 683

strongly influenced by the nature of these items. 684
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