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Abstract.

BACKGROUND: A validated method to assess sittit.< aiid standing posture in a clinical setting is needed to guide diagnosis,
treatment and evaluation of these postures. At preg€iit. ho systematic overview of assessment methods, their clinimetric properties,
and usability is available.

OBJECTIVE: The objective of this study, wvadte provide such an overview and to interpret the results for clinical practice.
METHODS: A systematic literature reviewswas performed according to international guidelines. Two independent reviewers
assessed risk of bias, clinimetric value$,of the assessment methods, and their usability. Quality of evidence and strength of]
recommendations were determingl’adedrding to the Grading of Recommendations Assessment, Development and Evaluation
working group (GRADE).
RESULTS: Out of 27,680 raccids, 41 eligible studies were included. Thirty-two assessment instruments were identified, clustered
into five categories. The muthotological 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.

ICONCLUSIONS: 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.

Keywords: Occupational medicine, observation, musculoskeletal diseases, posture, reliability, validity

1. Introduction

Among musicians, there is a high prevalence of mus-
*Corresponding author: Kees H. Woldendorp, Rehabilitation Ex- culoskeletal complaints [1]. A causal relation is often

pertise Center for Music and Dance, Revalidatie Friesland, Center for assumed between ‘poor’ postures and musculoskeletal
Rehabilitation, PO Box 2, 9244 ZN, Beetsterzwaag, The Netherlands. . . p . P A
ITel.: +31 885801295; Fax: +31 885801244; E-mail: k.woldendorp complaints in both musicians and non-musicians [2-6].
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ties’ during static positions is a common procedure
in the clinical practice of music medicine, physi-
cal therapy, rehabilitation medicine, and occupational
medicine [7,8]. It is not clear what a ‘poor’ or ‘risky’
posture may be [9-12], nor is there agreement about
ways to perform and record observations of sitting and
standing poses with a valid, reliable, and clinically us-
able method.

Reliable information about (working) posture is vital
in the diagnosis and treatment of patients with muscu-
loskeletal complaints, to detect potentially risky poses,
under the assumption that changing these postures will
decrease the problems [3,13—16]. Besides, evaluating
the results of therapy and comparing the effects of dif-
ferent treatments to improve posture requires an assess-
ment method that is sensitive to posture changes.

Despite a wide range of literature about aspects of
posture assessment, there is little literature about the
clinimetric elements of the measurement methods used
in daily practice. This is the case for musicians, but also
non-musicians. As far as we are aware, there have been
few systematic reviews performed following the inter-
national guidelines and focusing on assessment meth-
ods for global poses — as opposed to specific aspects
of posture — that might be suitable for any standing or
sitting patient (including musicians). Musicians are sin-
gled out here as they are a subgroup of patients with’a
high prevalence of musculoskeletal complaints [17; 208
therefore of particular interest in clinical practice.

The most valid and reliable assessment. méthods,
such as multi-camera systems like Optotrdks Vicon, Mo-
tion Analysis, or Surface Topographydystems [17-20],
are expensive and time-consuming;smaking large-scale
use of this kind of instrumentation.in routine clinical
settings unrealistic. On the pthorkand, the widely used
assessment method for posture in everyday practice,
i.e., the visual observatica by a clinician, seems to have
low intra- and inter-observer reliability [7,21]. More-
over, visual inspection usually is not performed in a
standardized way. Although the training of observers
appears to improve the levels of agreement, they are
still on a moderate level [20,22].

In order to find a clinically useful and reliable method
to assess posture, especially one which can be used
in the treatment of juvenile and adult musicians, we
performed a systematic review to identify a clinically
useful and reliable method to assess static posture. This
study aimed to provide an overview of the clinimetric
and feasibility properties of the assessment methods
for static standing and/or sitting posture in a routine

cal practice. Given the limited number of publications
focusing on musicians, we have widened the scope of
our review to include posture assessment of all kinds of]
sub-populations in clinical practice.

2. Methods
2.1. Operationalization of the research objective

The terms used in describing the aim of the study|
were defined as follows:

— ‘Assessment method for posture’ includes all types
of standardized methods by which the posture of a
human being can be asSessed visually or with the
help of, e.g., photography.

— ‘Clinimetric propesties’ (including interpretation,
recording, and ‘v¥ajuation) can be assessed in qual-
itative waysy(ong. ‘good/not good’, ‘risky posture’
or ‘bettdt/uorse’) and/or quantitative ways (e.g.
‘ntillimeters/degrees’, ‘data plotted against refer-
encydata for a population’ or ‘difference in mil-
limiters/degrees’).

— JSuitable for routine practice in a normal clinical
setting’ means that the instrument is inexpensive,
not too space-consuming, transportable, and easy|
to use without extensive training. Similar require-
ments apply to the technical aspects. It is essential,
for example, that the data obtained should be de-
livered to health care professionals such as phys-
ical therapists, ergonomists, and physicians in a
simple format and without delays.

— ‘Posture’ is the alignment or orientation of the
body segments while maintaining a position [23].
* ‘Static’ means that the aspects of movement,

maintaining balance, or other time-related dy-
namics are not included.

* ‘Sitting posture,” in the absence of an in-
ternationally agreed scientific definition [24],
we define this as the situation in which the
body is resting on a seat on the buttocks or
haunches [25].

* ‘Standing posture’ is the position in which a
person stands upright with at least one foot on|
the ground for more than 4 seconds while re-
maining within a 1 m2 area [26].

2.2. Search

First, electronic medical databases, one trial regis-

clinical setting and to interpret the findings for clini-

ter, and additional non-electronic channels (grey litera-
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Table 1

In- and exclusion criteria

Inclusion criteria (Pool 1-4A)#

Exclusion criteria (Pool 4A)#

1 All languages

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

3 Articles about assessment instruments and the assessment
method of posture

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

1

2

3

4

5

6

Articles about assessment instruments for the range of movement or
movement
Articles about assessment instruments for body balance

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

Articles about assessment instruments measuring over a period of team, with
e.g. the mean or number of posture frequencies over time as outcome
Articles about assessment instruments based on interpretation by the authors
(systematic review or experts opinion: level of evidence Al or D¥)

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

oo

Papers published before 1990

9 Articles about assessment instruments of the Shservation of < 2 abutting
domains of body posture(s) (e.g. head,ard lo ver extremities)

#Pool 4A of records: the pool of potential relevant records in the initial search, Pool 4B: final pool{ofsnciuded records, created by additional

e

exclusion criteria for reasons of handling (see text). *CBO-Levels of Evidence (2007): see www.ct 0.nk£0r detailed Information.

ture) were searched for eligible articles. The database
search was conducted on December 1, 2017, following
the Cochrane guidelines for systematic reviews of di-
agnostic tests [27]. It covered the electronic databases
Cochrane (1940-2017), Medline (PubMed) (1950—
2017), Embase (1974-2017), CISDOC (1901-2017),
ScienceDirect (1997-2017), Web of Science (1906~
2017) and CINAHL (1977-2017). An additional sear:h
(using the search terms ‘posture AND assessnieiit’)
was performed in ClinicalTrials.gov in Decemhen2017.
‘Grey literature’ was searched from Decembar I, 2014
through December 31, 2017.

Search terms (MeSH and non-MeSd terms) were di-
vided into three domains: ‘the instfurbent’ (e.g. method,
instrument, technique); ‘the gozi of die instrument’ (e.g.
assessing, screening, examiitingy; and ‘posture’ (e.g.
upright position, posturéyseated position). We com-
bined individual search“eims within each of the do-
mains with the Boolean operator ‘OR’. The three do-
mains themselves were combined with the Boolean op-
erator ‘AND’. It was anticipated that a massive amount
of records would emerge from the databases, given the
broad scope of the search terms, and since this is a
common feature of systematic reviews about measure-
ment properties [28]. Therefore, to keep the number of
records manageable, we added a fourth domain linked
to the other three by the Boolean operator ‘NOT’ to
exclude non-relevant titles. Search items were added to
this fourth domain until the number of records in the
first database (Medline) had dropped to below 15,000
documents (Supplementary Table S1). In the proce-
dure to reduce the number of titles by using ‘NOT” +

MeSH-terms,\atid in order not to lose any potentially|
relevan;aecords, we checked the validity of the proce-
dure 5y*checking whether three of the very appropriated
recosae| 11,22,29] found in a previous explorative re-
view/(performed by our group) remained in the pool of]
napers. The search strategies differed slightly for each
database (Supplementary Table S1). We searched the
references of the relevant papers, as were the reference
lists of articles thus identified, and the reference lists
of 13 identified review papers about posture assess-
ment [8,11,22,30-39]. ‘Grey’ literature was collected
through various non-electronic channels, i.e., via col-
leagues, from books, and using a hand search of the
journal Medical Problems of Performing Artists from
1986 to 2000. Finally, duplicate articles were removed.

2.3. Selection

The selection procedure is presented in Supple-
mentary Fig. S1. Titles, abstracts, and full texts were
screened independently by two reviewers (KHW and
JK), in three stages, for their eligibility according to the
inclusion and exclusion criteria. This resulted in three
pools of potentially relevant records (pools 2, 3, and
4a), as shown in Table 1. Additional exclusion criterial
were added after pool 4A had been created because
the number of articles was still too large: we excluded
articles in other languages than English, articles about
assessment instruments limited to the observation ofi
< 2 adjacent domains of body posture(s) (e.g., back|
and lower extremities), and articles published before)
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1990. This resulted in the final pool 4b (see Table 1 for
inclusion and exclusion criteria).

At each stage of the screening (title, abstract, and full
text), the reviewers (KHW and JK) met and resolved
disagreement about individual citations through con-
sensus or, if necessary, by consulting a third reviewer
(AMB). The two reviewers merged the data into one
database and checked whether all data had been entered
correctly. The same procedure was performed for en-
tering data in the final tables and figures. The level of
agreement between the two reviewers was calculated at
all stages using % agreement and Cohen’s kappa.

2.4. Missing information

If papers about the clinimetric values of an assess-
ment instrument referred to other publications about
the development of that instrument, we included these
papers as part of the first paper. If data extraction was
not possible, additional information was obtained by
contacting the authors listed in the article. Missing in-
formation was recorded in the final critical appraisal
tables.

2.5. Assessment of quality

The methodological quality of each included stufdy
was assessed independently by the two researlpets
using the Quality Assessment of Diagnostic\Ae<u-
racy Studies-II (QUADAS-II) checklist [4Q] dnd the
COnsensus-based Standards for the Selection of health
Measurement INstruments (COSMIN), [41,42]. The
combined use of these two checldistssprovided com-
plementary information, despitz"som< overlap: items 3,
4, and 14 in QUADAS-II areqdéantical to H4, B7, and
F1, F2, HS, respectively, <n “COSMIN. Most questions
in COSMIN that refer v fiie presence of restrictions
regarding design requirements and statistical methods
ask for more details in comparison to the QUADAS-II
items. Items 1, 2 and 6—13 of the QUADAS-II are not
included in COSMIN.

The QUADAS-II instrument consists of four do-
mains: patient selection, index test, reference standard,
and ‘flow and timing’ (flow of patients through the
study and timing of the index tests and reference stan-
dard) [40]. We graded the risk of bias in patient selec-
tion, index test, reference standard, and flow and timing
as high, unclear, or low. The same assessment strategy
was used for applicability regarding patient selection,
index test, and reference standard.

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

to determine the clinimetric values of the instruments.
The correlation coefficient of reliability was interpreted
as follows: values > 0.75 as good, those between 0.50)
and 0.75 as moderate, and those < 0.5 as poor reliabil-
ity [43]. Interpretation of the correlation coefficient for|
criterion and concurrent validity was as follows: values
> 10.701 as strong, between 10.31 and 10.70l as moderate,
and values < 10.3| as weak [38].

We developed a self-constructed customized check-
list (Supplementary Table S2) to measure the clinical
usability of each measurement instrument for posture.
Aspects included in the list were readability of the in-
structions, comprehensibility, time required to adminis-
ter the tool, physical requirements (e.g., camera, space,
researcher), and the effort involved in interpretation.
Each aspect was scored with puints ranging from —2
to 2 or —1 to 1. A sumi score for each posture mea-
surement instrumenp*was calculated by summing the|
item scores. Sumiscascs were calculated for both the
clinimetric aspf£cis,and clinical usability to enable us to
balance the ciini€al use and scientific support for each
measui=ment instrument.

Resultsswere aggregated and interpreted according
tothoframework for therapeutic and diagnostic tests
dcvelbped by the Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) working
group [44-49]. The framework for therapeutic studies
covers five aspects of quality of evidence (study design,
inconsistency of results, indirectness of evidence, im-
precision, and reporting bias) and four elements of the
strength of recommendation (quality of the evidence,
uncertainty about the balance between desirable and
undesirable effects, uncertainty or variability in values
and preferences, and uncertainty about whether the in-
tervention involves extensive use of resources) [45].
Details about categorizing the above five aspects, aggre-
gation of the different scores according to the GRADE
framework, and calculation strength of recommendation
are provided in Supplement Text 1.

We determined the probability of publication bias by
comparing the size of the study sample with the level
of the inter-rater reliability values. If smaller studies
(< 30 participants) had higher inter-rater reliability val-
ues than the more extensive studies (= 30 participants),
this could be an indication of publication bias.

We used the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) checklist
of ‘items to include when reporting a systematic re-
view’ [50] and the checklist ‘A Measurement Tool to
Assess Systematic Reviews’ (AMSTAR) [51] to opti-
mize our reporting of the present review. The study pro-
tocol was accepted for registration in the PROSPERO
register (no. CRD42017041711)
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Reference Embase PubMed CINAHL Science Clinicaltrials Grey
search (n=14877) (n=12680) (n=1930) direct .gov literature
(n=111) (n=360) (n=449) (n=19)

27,680 titles after duplicates removed

K=0.25/ Agreement 0.97

26,684 titles

excluded

| 806 abstracts identified for screening |

K=0.57/A 0.79

417 abstracts

excluded

| 389 full text articles identified for eligibility |

K=0.66/ A 0.85

Reasons of exclusion:

- overview article (17)

- book chapter (1)

- duplicate (1)

- wrong classificatinid)y
- part of posture (-00)

- non English// Datch%35)

41 studies includeatin
the systemat.yreview

- theoreticil pithlication (15)

- gold stendord research
\1omplex & expensive) (37)

- MKW/ X-ray / CT (40)

-( uniindable (4)
posturogram / EMG (13)

| - | not concerning
psychometric aspects (23)

- before 1990 (4)

* Some articles were excluded for

multiple reasons.

Fig. 1. 7o churt of the screening process.

3. Results
3.1. Search

The first search identified (275630 papers, 389 of
which were retrieved in full taxtand screened for eli-
gibility. In the end, 41 of those papers we included in
the review. Results of thexscreening and selection pro-
cess are presented in Fig. 1. For one record, [21] the
decision to incorporate was made by the third reviewer
(AMB). In the final step of the selection process, the
agreement between the two screeners was good (K =

.66) (Fig. 1). Because some studies included more
than one method and/or clinimetric value as an outcome
parameter, the sum of results can be different from 41.
Main reasons for exclusion of full text papers were 200
papers related to the study of only one body part, 35
papers in non-English/Dutch, and 37 papers focused
on measurement instruments not available in routine
practice (like VICON).

Data relating to standing and sitting postures are pre-
sented in Supplement Table 5; twenty-two studies re-

ported data about standing position, five studies about
sitting posture, while sixteen studies reported mixed
data about both standing and sitting postures.

3.2. Study characteristics

The characteristics of the included studies are pre-
sented in Supplementary Table S3. Twenty-nine stud-
ies focused on the intra- and inter-rater reliability of
an assessment instrument, and six on test-retest relia-
bility. Eleven studies assessed clinimetric aspects con-
cerning the reliability and validity of one assessment
instrument. Seven out of the 13 articles about validity|
concerned concurrent or criterion validity, an item not
included in the COSMIN checklist [41]. The eight stud-
ies comparing two instruments — neither of which was
considered the gold standard — were evaluated using the
COSMIN Box (Box H) for criterion validity. We chose
one of these two instruments as the reference standard
and considered to be the gold standard, though with the
qualification of ‘not a good gold standard’.

Studies concerning aspects of validity were incom-

284

286

287

288

289

290

291

292

293

294

296

297

298

299

300

301

302

303



304

305

306

307

308

309

310

311

312

313

314

Galley Proof 29/07/2021; 15:42

File: bmr—1-bmr200073.tex; BOKCTP/xjm p. 6

6 K.H. Woldendorp et al

Risk of Bias

Review of posture assessment

__

reference standard /%
7

index text

_

0% 10% 20% 30%

Concerns about applicability

50% 60% 70% 80% 90% 100%

index text

patient selection

0% 10% 20% 30%

plete, and the diversity of the validity items was vast.
The study settings were mainly work, laboratory, or
school. The total study sample consisted of over 2,600
men and women, aged 5-86 years, with a majority of
the sample aged between 18 and 40 years. The study
sample of 27 studies was the adult working and/or gen-
eral population, while six studies focused on children
(< 18 years) and only two on musicians.

3.3. Study quality

The results of our critical appraisal of the study qual-
ity are presented in Supplementary Table S4 and Fig. 2

[Fig. 2. Graphical display of the QUADAS-II assessments (data from Supplement S4). Risk of bias/applicability: diagonal shading = Low; dotted|
shading = unclear; solid shadize /= high; horizontal shading = not applicable.

(QUADAS-II) [40]. The methodological quality of the|
studies varied considerably (Fig. 2): 11 out of 41 papers
(26.8%) had a score of excellent, with a low risk of bias,
low concern regarding applicability, or a maximum of]
one ‘unclear’ rating for all items scored. Sixteen studies
(39.0%) had a score of moderate, with a maximum off
three ‘unclear’ grades, one high risk of bias, or ma-
jor concern regarding applicability. Thus, 66% of the
studies had at least a moderate level of methodological
quality. The rest of the papers (34%) had a poor level,
with at least two high risks of bias or major concerns
about applicability and/or at least four ‘unclear’ ratings.

Risk of financial conflicts is not listed in_thel
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ICC/Kappa
0.90 O'.25 0'.50 O.I75 1.90
[Body Direct] Harrison (66)4 e — -
[Body Direct] McAlpine (72) 4 |————
[Body Indirect] Zonnenberg (86) 4 SRS S S =
(

[Digital] Barker (53) 4
[Digital] Ferreira (7) 4

[Digital] Fortin (64) 4
[Digital] Furlanetto (65) 4
[Digital] Normand (78) 4

81)4

[Digital] Perry*
[Digital] Perry**
[Digital] Perry***

)
)
)
)
)
)
)
)
(81)

(81)9

(81)1

[Digital] Ruivo (83) 4

[Digital] Sanchez (84) 4

[Visual Direct] Blanken™ (6) 4

[Visual Direct] Blanken™** (6) 4

[Visual Direct] Bunkan (57) 4

[Visual Direct] Carr* (58) 4

)

)

)

)

)

)

)

)

)

)

)

)

)

)

Author (Ref nr)

[Visual Direct] Carr** (58) 4
[Visual Direct] Eriksson (63) 4

[Visual Direct] Haugstad* (67) 4

(

(
(

" (
[Visual Direct] Haugstad** (67) 4
[Visual Direct] Karim (69) 4
[Visual Indirect] Ackerman (20) 4
[Visual Indirect] Bao (52) 4
[Visual Indirect] Bruijn, de (56) 1
[Visual Indirect] David* (59) 4
[Visual Indirect] Dockrell (60) 4
[Visual Indirect] Fedorak (38) 4
[Visual Indirect] Hignett (68) 4
[Visual Indirect] Liebregts (71) q
(

[Visual Indirect] Wilbanks (85) 4

QUADAS-II, but is important in view of study qua:
ity. From 31 out of 41 papers the authors reportad
no conflicts of (financial) interest, from ning,papers
it was not clear if there was a conflict/0f Nater-
est [6,21,54,63,65,69,70,73,77], but one=paptr [78]
mentioned that the first author was pail ¢y4he manu-
facturer (of Posture-Print).

3.4. Characteristics of assessiaens instruments

We identified a total,of'\32 assessment instruments
(Supplementary Table S5)”These were categorized into
five groups of assessment methods:

1. Direct body measurement

2. Indirect body measurement (via photograph/video
still)

3. Direct visual observation

4. Indirect visual observation (via photograph/video
still)

5. Digital measurement: software interpretation of
digital 2D-3D photographs/video stills

In 22 (53.7%) of the studies, a continuous scale was
predefined for recording the scores obtained. The head
and trunk were the most frequently studied body do-
mains (in 38 articles). The upper and lower extremity

[Fig. 3. Inter-observer reliability of the assessment instruments per category. Ccefficient type: solid line = ICC; dashed line = ICC (High Quality|
study); long dashed line = Kappa. Asterisk = multiple instruments in study

domains were less often studied, in 31 and 23 stud-
ies, respectively, and the least studied was the center of
mass domain (in five papers). Twenty-six instruments
covered the assessment of three or four body domains,
while ten tools assessed two adjacent body domains.

3.5. Clinimetric values of assessment instruments

The clinimetric values of the different assessment
instruments for the observation of posture are listed
in Supplementary Table S6. For none of the assess-
ment instruments/methods were all items of validity|
and reliability reported. Two studies reported content
or construct validity, while none of the studies reported
responsiveness.

Most papers concerned the intra- and inter-rater reli-
ability, with 19 and 29 studies, respectively. We, there-
fore, decided to use inter-rater reliability to compare
the five categories of assessment instruments, to obtain
some indication of one of the clinimetric properties of]
the tools.

Figure 3 shows a wide dispersion of values in all cat-
egories of assessment instruments. The nature of these
items strongly influences the inter-rater reliability val-

ues of some posture assessment items (e.g., reliability
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of the assessment of the degree of rotation of a posture
domain, or frontal view in comparison to sagittal view).
This phenomenon was found for all five categories of
observation methods. The 11 studies with the highest
methodological quality scores according to QUADAS-
I, were distributed across two groups of assessment
methods: nine studies concerned a digital and two stud-
ies a visual direct approach.

Fourteen studies about reliability used measurement
error as an indicator; one concerned an indirect body
assessment instrument and three concerned indirect vi-
sual assessment, while the remaining ten studies con-
cerned the category of digital assessment instruments.
The values for standard error of measurement, minimal
detectable difference, or standard deviation were low
(0.001-9 mm/0.20-3.80, with two outliers of 23 mm
and 280). The coefficient of variation varied consider-
ably, with wide confidence intervals [54,64,76,80].

We observed no relevant differences between the
clinimetric and usability values of the measurement
methods for either standing or sitting postures.

3.6. Clinical usability of the assessment instruments

The clinical usability scores of the different assess-
ment instruments and categories are given in Supple-
mentary Table S7 and graphically presented in Fig.&.
The direct and indirect visual assessment instryfieri
categories had the highest clinical usability scozes:

To enable a tradeoff between the inter-rat®r réliabil-
ity values and the clinical usability of tHe/agsessment
instrument groups, we presented these, data for each
category in Fig. 5.

The ideal assessment instrumentsshould have high
clinimetric values as well assexoallent clinical usability.
The methods that came elosest to this ideal were one
method in the direct [5&] and one in the indirect [69]
visual assessment categories. Next to these two studies,
one other direct visual way [70] and three visual indirect
assessment methods [57,72,87] were identified. Five out
of these six methods use a rating scale for recording the
visual assessment. The categories of digital and body
assessment instruments scored high on inter-observer
reliability but lowered on clinical usability.

3.7. Aggregation of results

Table 2 summarizes the findings. The number of
studies in each of the five categories was small to mod-
erate (range 2—-16). Of the five categories, the highest
number of studies concerned digital methods and direct

Clinical Usability

Ackerman (20) 4 X
Bao (51) 4
Bao (52) 4
Barker (53) [ |
Barks (54) 4 X
Blanken* (6) 4
Blanken** (6) 4
Brink (55)1 W
Bruijn, de (56) X
Bunkan (57) +
Carr* (58) 4
Carr** (58) 4
David* (59) 4
David** (59)
Dockrell (60) X
Dunk (61) 4 | |
Dunk (62) [ ]
Eriksson (63) —+
Fedorak (38) X
Ferreira (7) 4 | ]
Fortin (64)4 W
Furlanetto (65) [ |
Harrison (66) 4 [ ]
Haugstad* (67) 4
Haugstad** (67) 4
Hignett (68) - X
Karim (69) +
Kvale (70) 4 §
Liebregts (71)
McAlpine (72) [ )
McEvoy (73) 4 | 3
Menendez* (74) 4
Menendez** (74) 4
Motamedzade* (75) —+
Motamedzade** (75) 4 +
Niekerk, van (76) - ]
Normand (78) - | |
Paquet (78) -I +
Paul (39) [ ]
Pausic* (6)) 4 A
Pausic W30, [ ]
Perry* (814

XX
XX

Author (Ref nr)

werry*™ (81) 4
Deine** (81) 4
Fwnall (82) 4 n

Ruivo (83) 4 | ]
Banchez (84)4 M
Wilbanks (85) X
Zonnenberg (86) 4 A

rig. 4. Clinical usability scores of the assessment instruments Type ofi
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
a cross-sectional design, so ratings of the level of evi-
dence of all methods were restricted to a maximum of 4
points. A wide range of values was found regarding the
evaluation of risk of bias, concerns about applicability,
consistency of outcomes, and usability scores.

The Visual Direct Measurement methods is the only
group of measurement instruments that can be weakly
recommended to use as a usable method of measuring
global posture in routine practice. For the other groups
it is strongly recommended not to use these methods,
based on the results of this systematic review.

The risk of publication bias is presented in Supple-
mentary Table S8. We assume that there is a risk of
publication bias because there were only two exten-
sive studies (= 30 participants) identified with high-
reliability values, compared to the 8—10 large studies
with moderate or low values. The total number of small
and comprehensive studies is respectively 17 and 13,
but this difference seems not to be an indication for|

significant publication bias
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[Fig. 5. Inter-rater reliability versus clinical usability of the assessment instruments. Cogfficient type: solid line = ICC; dashed line = ICC (High

Quality study); long dashed line = Kappa.
4. Discussion

This systematic review aimed to provide an overviéw
of the clinimetric properties of assessment methods {or
static standing and/or sitting posture in routine giip-
ical settings and to interpret the findings fe= Clinical
practice. We identified thirty-two instrumeiits for the
clinical assessment of sitting and/or standing position.
The tools were divided over five catefories: assessment
methods using direct body measurémunts, indirect body
measurements (via photographs/vi&eo stills), direct vi-
sual observations, indirect yiSeai-observations, and dig-
ital assessment methods (tsing any form of software to
collect information fromphotographs/video stills).

The following five tentative conclusions were drawn.
Firstly, the direct and indirect visual assessment instru-
ments, using a rating scale to record the aspects of pos-
ture, seem to have the best combination of inter-rater
reliability and usability. Secondly, we found little and
incomplete data about validity-related elements and no
data about responsiveness. Thirdly, the inter-rater re-
liability values of some posture assessment items are
strongly influenced by the nature of these items (e.g.,
the reliability of assessing the degree of rotation of a
posture domain, or frontal view in comparison to sagit-
tal view). This phenomenon is applied to all five cate-
gories of observation methods. Fourthly, the measure-
ment error values (standard error of measurement, min-

inel/detectable difference, and/or standard deviation)
are generally low (< 40 or < 9 mm). Fifthly, a weak
recommendation (GRADE level B), based on a mod-
erate level of evidence, can be made for clinicians to
use the direct visual observation method, using a rating
scale, and having it administered by a trained observer.
However, the indirect visual observation method has a
comparable best combination of inter-rater reliability|
and usability as the direct visual observation method,
but because of other clinimetric aspects we recommend
not to use this method in clinical practice. This recom-
mendation is valid for all the other assessment method
categories.

The conclusions are partly in line and sometimes
conflicting with findings from other reviews [8,11,22
30-39]. The most similar systematic review [22] about
the assessment of biomechanical exposures at work
(evaluating both global posture and individual body do-
mains) concluded that none of the observation meth-
ods is superior to the others and that global body pos-
tures are the most reliable to measure. Our present re-
view comes to different conclusions, as shown by the
differences in inter-rater reliability values between the
five categories; e.g., the inter-rater reliability values for
the direct and indirect body measurement methods are
higher than those for the other groups, and there are
apparent differences between the five categories in the|
trade-off between inter-rater reliability and usability|
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values (with the highest values both being found for the
direct and indirect visual observation methods). As far
as we know, we are the first that recommend not to use
most of the assessment methods for global posture in
clinical practice. On the other hand, the wide range of
values we found means that, like Takala et al. [22], we
can only draw tentative conclusions.

There are several reasons why we need to be care-
ful in drawing too-firm conclusions. The main reason
is that for most assessment methods, it is only the re-
liability that has been thoroughly studied, while the
other clinimetric properties are unknown. Another rea-
son is that it is not known to what extent the clinimet-
ric features of the instruments designed to assess the
posture of one body domain are comparable with those
of devices intended for the assessment of all of these
body domains or the global body posture. Our full-text
screening excluded 200 papers about assessing the pose
of a single body domain. The systematic review by
Takala et al. [22] included both single body domain and
global posture observation studies. Still, it is not clear
how many articles were identified in their paper (in the
absence of a flow diagram of the screening procedure).
Hence, comparing the outcomes of our study with those
of the study by Takala et al. [22] is difficult.

Fortin et al. [11] concluded in their narrative review
that the quantitative assessment of global posture i
performed most accurately and rapidly by measuriag
body angles from photographs. This conclusiqn fwight
be based on their studies of single body donzains., The
results of our review (about global postuse)‘ar< not in
agreement with this. We found that the’ Gigizal assess-
ment methods are more suitable for ks goal, especially
with the advent in recent years of a vyide range of new
posture assessment apps and pliotegrammetry software
(sometimes freely availablc wn"the internet) [36,37].
These are promising assessnient methods that might be
expected to yield high ciiimetric and clinical usabil-
ity values shortly. These new methods have, however,
not yet been tested in validation studies. Moreover, the
application of photogrammetry in postural evaluation
is directly dependent on both the collection procedures
and the mathematical methods used to provide mea-
surements. In line with Fortin et al. [11] and Furlanetto
et al. [33], we found that the used postural evaluation
software varies significantly among the studies, with
often no explanation about the methods used to generate
the results. Besides, the software is often not accessi-
ble [33]. This lack of data makes it difficult to interpret
data synthesis rules within these ‘black boxes’.

In the studies included in our review, the measure-
ment error values at the participant group level per

study were low, but the confidence intervals were wide.
This wideness is due to a combination of variations
in marker placement, differences in parameter defini-
tions, body position, perspective error (due to camera
position), and especially biological variability (particu-
larly among children due to anthropometric and motor|
control immaturity). No conclusion can, therefore, be
drawn about the ecological validity or the interpretation
of these values for individuals in a clinical setting.

The major strengths of our study are a large num-
ber of screened and included records, the fact that ourn
conclusions are based on papers of which the majority|
had moderate to good methodological quality, and the
fact that all procedures as much as possible followed
the international standards<{or'performing (Cochrane,
PRISMA) [27,50] and réposting (AMSTAR) [51] sys-
tematic reviews, the systeriatic and explicit approach
(GRADE) [44—49; "we judged the quality of evidence|
and explicit regominendation for clinicians.

Potential lifmitations of the study are, in theory, a risk
of seleftion Gias of articles and a possible bias in the
process, ¢f interpreting and aggregating the findings.
The 1isk/of selection bias is especially relevant for sys-
semid reviews with a broad topic, resulting in a large
amount of papers as search result [28]. This is an in-
evitable consequence of the inclusion of terms such as
posture, validity and reliability. Consulted experts in|
this field had no additional suggestions for minimizing
this source of bias. Main reason for exclusion of full
text papers were papers related to the study of only one
body part. For future reviews, we suggest to analyze
these excluded papers, arranged per body domain. The
sum of these domain outcomes might be different from
global posture.

The risk of selection bias due to publication bias can
also be assumed to be relevant. However, the total num-
ber of small and large studies didn’t differ that much,|
but because of the low number of extensive studies as-
signed to the high class of correlation coefficients for|
the outcomes [43]. There were many choices to be made
during the process of interpretation and aggregation,
and each of these options required weighing the evi-
dence. The guidelines offer no solution to this problem.
An explicit description of the arguments for our choices
is provided in this article as much as possible.

Another limitation of the study is that we based the
usability values of the assessment instruments on a self-
constructed scoring list. We are aware of the subjective
nature of this list. As far as we know, there is no objec-
tive way to score clinical usability. Before the start of]
the study, we asked several clinicians to review the scor-
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ing list. Most of the discussions and subjective views
concerned the item of ‘cost price of the assessment
instrument’. There were different opinions about the
criteria for the various intervals, e.g., depending on the
clinical setting (in that the estimation and acceptability
of the costs for an instrument used by many therapists
in rehabilitation centers differ from those of the same
device used by a single therapist in a peripheral physical
therapy practice). The cost-price item was also difficult
to divide into classes, as little information about it was
presented in the papers we reviewed. The bias due to
this uncertainty might be that the actual clinical usabil-
ity scores may be one or two points higher, especially
in the indirect assessment categories and the digital cat-
egory (as these methods use technical support in some
form).

Another potential source of bias might be a conflict
of financial interest. Although we assume that for the
majority of the nine papers without any statement in this
respect [6,21,54,63,65,69,70,73,77] this seemed not a
major source of bias, it might be a possibility, especially
in the group of Digital Measurement Instruments [78].
Manufacturers of products from the latter group have a
direct interest in excellent clinimetric outcomes.

Presenting separate data for the sitting or standing
posture was only partly possible in our review. Several
studies showed combined data for both poses, while 12
others, it was unclear whether either postures or_itst
one had been included. The consequences of this Dis-
sion are small; however, as the clinimetric ana=asability
values of the assessment methods are similasfor both
postures.

It is not clear to what extent the ¢dnclusions of our
review are generalizable to subp¢puiations; we found
insufficient papers about, e.g.{muysicians, age groups,
patients versus healthy peabley, what little information
we could retrieve from the studies does not appear to
show relevant differencessexcept that a lower level of
reliability has to be taken into account with younger
children, as their balance maintenance is less mature
than that in adults [74].

In line with Takala et al. [22] and Furlanetto et
al. [33], we support that selecting a clinical assessment
method for posture should be based on the clinician’s
purpose. Based on our review, it seems best to recom-
mend for the direct visual assessment method, as these
provide the best combination of clinimetric and usabil-
ity values. However, these instruments are less appro-
priate for the quantification and evaluation of posture
and are less responsive to change.

The direct visual observation method is best for situ-

required, and/or an estimated quantitative and/or qual-
itative evaluation of posture (e.g., classification in a
rating scale with three classes).

Given the near absence of studies evaluating the con-
struct validity or predictive validity of assessment in-
struments for static sitting and standing positions, we
recommend clinicians to use with caution any possible
assessment method for the detecting of postures at risk
for musculoskeletal complaints. We also found little
information about the criterion validity aspects. In other]
words, assumptions about what is relevant in assessing
and judging static postures — in terms of carrying a risk
of musculoskeletal complaints — should be critically
reconsidered. In terms of the GRADE framework, the|
level of recommendation f6Hr ¥ost diagnostic instru-
ments is often low, becauSe™lata about these aspects are
scarce [48]. Based on these arguments, we tentatively
recommend the upc-Otithe standardized direct visual
observation mefizgavfor the assessment of static posture.
The results ofioétzeview do not support the use of other]
tools infclinicel practice.

5., Conclusion

Based on a moderate level of evidence, a weak rec-
ommendation can be made for using the direct visual
assessment method (with posture recorded as rating
scores by a trained observer) to assess sitting and/or
standing pose in daily clinical practice. Little and in-
complete information was found about validity-related
aspects and no data about responsiveness. For all five
categories of observation methods, the inter-rater re-
liability values of some posture assessment items are|
strongly influenced by the nature of these items.
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