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Abstract

Background Video analysis (VA) is commonly used in the assessment of sports injuries and has received considerable
research interest. Until now, no tool has been available for the assessment of study quality. Therefore, the objective of this
study was to develop and evaluate a valid instrument that reliably assesses the methodological quality of VA studies.
Methods The Quality Appraisal for Sports Injury Video Analysis Studies (QA-SIVAS) scale was developed using a modi-
fied Delphi approach including expert consensus and pilot testing. Reliability was examined through intraclass correlation
coefficient (ICC; ;) and free-marginal kappa statistics by three independent raters. Construct validity was investigated by
comparing QA-SIVAS with expert ratings by using Kendall’s tau analysis. Rating time was studied by applying the scale to
21 studies and computing the mean time for rating per study article.

Results The QA-SIVAS scale consists of an 18-item checklist addressing the study design, data source, conduct, report, and
discussion of VA studies in sports injury research. Inter- and intra-rater reliability were excellent with ICCs >0.97. Expert
ratings revealed a high construct validity (0.71; p <0.001). Mean rating time was 10+ 2 min per article.

Conclusion QA-SIVAS is a reliable and valid instrument that can be easily applied to sports injury research. Future studies
in the field of VA should adhere to standardized methodological criteria and strict quality guidelines.
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Key Points

Multiple rounds of consensus and pilot testing led to key
domains and criteria for the development of the QA-
SIVAS scale as a new instrument in the quality assess-
ment of video analysis studies.

Testing of QA-SIVAS revealed the scale to be a reli-
able and valid instrument that can easily be adapted into
sports research.

Although designed as an assessment tool, QA-SIVAS
can also act as a guide for researchers when designing
and conducting studies.

1 Introduction

A healthy lifestyle including physical fitness has many ben-
efits, and participation in sports activities is increasing [9].
However, injuries are frequent among athletes of all perfor-
mance levels [16, 25], and the number one cause of injury-
related emergency department visits in young populations
is attributed to sports participation [47]. Compared with
overuse injuries [24, 35], traumatic sports injuries are less
predictable and the current lack of knowledge in preventing

Fig. 1 Yearly number of studies 300 1
for the search term “video anal-

ysis AND injury” since 1980

(Medline, accessed via PubMed

on 21 November 2022) e

200 A

150 -

100 1

Number of publications [n]

50 4

0 4

these conditions may substantially affect long-term health
[17].

Detailed analyses of how injuries happen contribute to a
more comprehensive understanding of the underlying fac-
tors [3]. A holistic approach is essential and requires the
assessment of both the injury situation and biomechanical
patterns [3, 13, 21]. Knowledge of the cause of injury has
major implications for injury prevention but is also of clini-
cal relevance for early on-field diagnosis.

Video analysis (VA) has been an increasingly used tool
to investigate sports injuries over the last 40 years (Fig. 1).
It has gained high popularity in recent years, and there is
widespread agreement regarding its scientific and clinical
value to the sports medicine community [13, 21]. Among
others, reports have been published describing situations,
mechanisms and biomechanics of injury to the anterior
cruciate ligament [13], Achilles tendon [14, 26], adductor
longus muscle [43], and hamstring muscles [21]. However,
to date, a lack of standardized methods is seen as a major
limitation of VA studies [1]. Quality assessment tools, meth-
odological gold standards, and consensus on terminology
may increase consistency and allow a better comparison
between studies. Most likely, with growing interest in the
methodological framework of VA, systematic reviews will
become available. A systematic appraisal of the literature
provides the highest level of evidence, but can only be as
good as the studies included [23]. Consequently, quality
and risk of bias assessments of studies become necessary
[23]. However, to date, no instruments exist for assessing
study quality in video-based sports injury analysis. Thus,
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the objective was to develop and evaluate a tool that helps
to assess the methodological quality of VA studies for the
purpose of enhanced sports injury investigation.

2 Materials and Methods

The present study took place between January and Decem-
ber 2022 in three phases: (a) development of the QA-SIVAS
(Quality Appraisal for Sports Injury Video Analysis Studies)
scale; (b) evaluation of its reliability and within-item agree-
ment, and (c) assessment of its construct validity and fea-
sibility. Ethical approval was not required as this study did
not involve any patient data. All expert panelists provided
written consent to participate.

2.1 Scale Development

The QA-SIVAS scale was developed using a modified Del-
phi approach including expert consensus and pilot testing
[47].

At first, experts in the field of sports science and sports
medicine (TG, TH, LR, KH, DF, SW, PM, JW, and TK)
independently listed criteria they considered important when
assessing sports injuries by using VA. One reviewer (TG)
summarized the group’s responses according to frequency
and topic. The categorized criteria were then sent back to the
experts. After comparing their submissions with those of the
other reviewers, each reviewer was allowed to comment on
other statements and to revise their own submissions. Sub-
sequently, the criteria were again categorized by the same
reviewer (TG). A face-to-face panel discussion with all con-
tributing experts involved was then held, and this led to the
development of the first version of QA-SIVAS. Five raters
(TG, TH, LR, DF, SW) compared the scale against five ran-
domly selected VA studies out of a pool of 21 included VA
studies of anterior cruciate ligament (ACL) injuries from a
recent systematic review project (PROSPERO registration:
CRD42022337340). The preliminary testing was used to
further adjust the rating criteria and instructions.

2.2 Reliability

To estimate inter- and intra-rater reliability, three review-
ers (TG, LR, TH) independently assessed the risk of
bias of all 21 VA studies from the aforementioned recent
systematic review project (PROSPERO registration:
CRD42022337340) by applying the QA-SIVAS scale. The
rating was repeated after 3 weeks. The reliability of the main
outcome, the total QA-SIVAS score [%], was estimated
by using the Intraclass Correlation Coefficient (ICC; )).
Results were interpreted as ‘poor’ (ICC <0.4), “fair to good’
(0.4-0.75), and ‘excellent’ (>0.75). Agreement of each

QA-SIVAS item was estimated using free-marginal kappa
statistics by Brennan and Prediger [39], which minimizes
prevalence-related biases. Interpretation of the results was
carried out based on Landis and Koch (1977): k<0 (‘poor’);
k=0.01-0.20 (‘slight’); k=0.21-0.40 (‘fair’); k=0.41-0.60
(‘moderate’); k=0.61-0.80 (‘substantial’); k=0.81-1.00
(‘almost perfect’).

2.3 Construct Validity

To evaluate construct validity, an approach similar to Jadad
et al. [27] and Wilke et al. [47] was used. All 21 studies were
assigned to two field-related experts, an orthopedist and
sports physician (DD) and an exercise scientist and physio-
therapist (IK). They independently rated each study’s quality
with 1-4 points (1: poor; 2: poor to moderate; 3: moderate
to good; 4: excellent). The mean ratings were correlated to
the scores obtained with the QA-SIVAS scale (TG, LR, TH)
using Kendall’s tau analysis.

2.4 Rating Time

Rating time was evaluated as the required mean time for the
rating of one study. All three reviewers involved in the reli-
ability study (TG, LR, TH) recorded the time (min:sec per
study article) needed to evaluate the study quality for each
article. Means were calculated for all three reviewers.

Statistical calculations were performed using SPSS ver-
sion 27.0 (SPSS, Chicago, IL, USA). p-values < 0.05 were
considered significant.

3 Results

The final QA-SIVAS scale consists of an 18-item check-
list addressing the study design, data source, conduction,
reporting, and discussion of VA studies in sports injury
assessment. Each item is to be answered with either 0 (no/
not stated) or 1 (yes/present) point. The maximum score is
18. The quality rating is expressed as a percentage value
(reached score/maximum score [%]). Detailed information
about the components and scoring guidelines is displayed
in Table 1.

3.1 Reliability

The analysis of raters’ agreement with regard to the total
score (%) revealed an ICC of 0.98, interpreted as ‘excel-
lent’ (95% confidence interval [CI] 0.96-0.99; p <0.001).
Repeated scoring showed excellent intra-rater reliability
for all three raters: ICC rater 1=0.99 (95% CI 0.99-0.99;
p<0.001); ICC rater 2=0.99 (95% CI 0.98-0.99; p <0.001),
and ICC rater 3=0.99 (95% CI 0.98-0.99; p <0.001).
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Table 1 (continued)

Purpose

When to score ‘yes *

No. Item

To allow interpretations about the frequency of a finding

Absolute numbers OR proportions (percentage) of injury

Absolute numbers or proportions of injury cases (for each/

13

cases are included, mechanisms (e.g., non-contact vs con-

the main outcome) are reported

tact) and/or pattern (e.g., knee valgus pattern vs hyperex-

tension pattern) are reported

To enhance understanding of the findings

Information about the injury context/situation (e.g., player

14 Details about the injury context are included

action, match or training injuries, time in game, hours of

exposure during game/training) are included

To overcome communication barriers and to communicate

Example screenshots/video frames of the observed injury-

15 Example screenshots/video frames are included

research with a broad readership

specific outcomes of interest are included (e.g., injury

mechanisms and/or pattern)

To point out the studies' contribution to what was already

Other relevant trials relating to the field of study are stated

16  Findings are discussed within the context of the current

known

and discussed

evidence

To help the transfer of findings into practice

Information on how to use study findings in clinical/sports

17  Clinical/practical implications of the results are discussed

practice are discussed

Weaknesses OR methodological shortcomings are reported  To avoid misinterpretation of findings and to identify the need

18 Limitations of the study are addressed

for future studies

Free marginal kappa values of the individual items ranged
between 0.68 and 1.00 (substantial to almost perfect) with
an exact agreement of 84—-100% (Table 2).

3.2 Construct Validity

The analysis of construct validity with two experts in the
field revealed a strong association of the results obtained by
means of the QA-SIVAS scale and the expert ratings (Ken-
dall’s tau B=0.71, p<0.001; see Table 3).

3.3 Rating Time

The mean rating time among all three reviewers was
10:07 +02:27 min:sec per article.

4 Discussion

A state-of-the-art method was applied to develop the QA-
SIVAS scale. The tool covers 18 distinct items. Scores of
each item can be used cumulatively for an overall judgment
of a study’s quality. Inter- and intra-rater reliability, con-
struct validity and user rating time were excellent. Conse-
quently, the QA-SIVAS scale can be used by researchers
for judging the quality of studies using video analysis of
injuries in sports.

To our knowledge, QA-SIVAS is the first scale that
addresses the quality of studies using video-based assess-
ment of sports injuries. As no assessment instrument has
been available hitherto, the scale was developed based on
the consensus of an interdisciplinary multi-center reviewer
team with field-specific knowledge. The final version was
implemented in a systematic review covering 21 studies that
have investigated ACL injuries in sports (PROSPERO reg-
istration: CRD42022337340).

The intra- and inter-rater reliability were excellent, indi-
cating that the QA-SIVAS scale can be reliably used. This
finding is comparable to the risk of bias scales from other
medical fields. For instance, the inter-rater reliability of the
PEDro scale, a commonly used tool in the assessment of
clinical trials, ranges between 0.56 and 0.91 [18, 34]. The
excellent inter-rater agreement of the QA-SIVAS scale is
particularly notable given the multidisciplinary reviewer
team of medical doctors, biomechanists, and sports scien-
tists. Potentially, a background in sports injury research may
be necessary, as this was a given prerequisite for all review-
ers involved in the development of QA-SIVAS. However, the
involvement of coaches and players in the research team has
clear benefits, and is recommended [42]. Construct validity
of the scale can be interpreted as high based on the cor-
relation analysis revealing a Kendall’s tau B-value of 0.71.
All assessments were done in a reasonable amount of time
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Table 2 Reliability and percent agreement of individual QA-SIVAS items

No. QA-SIVAS scale item Base rate Free- Kappa (95% CI) Percent
marginal exact
kappa agreement

1 Objective stated 100 1.00 1.00-1.00 100

2 Arepresentative sample was chosen 40 0.68 0.42-0.93 84

3 Information about sample is included 0 1.00 1.00-1.00 100

4 Information about video source and quality of the footage are included 13 0.68 0.43-0.93 84

5  Applied methods are described comprehensively 95 1.00 1.00-1.00 100

6 A systematic approach to video analysis was chosen 94 0.94 0.81-1.00 96

7 Medical report information is included 29 1.00 1.00-1.00 100

8  Background/expertise of rater(s) is stated 49 0.81 0.61-1.00 90

9  Findings are observed by more than one researcher 70 0.94 0.81-1.00 96

10 A control group is included 14 1.00 1.00-1.00 100

11 A quantitative biomechanical analysis was conducted using validated methods 13 0.86 0.67-1.00 92

12 The main results of the study are clearly described 95 0.87 0.70-1.00 93

13 Absolute numbers or proportions of injury cases (for each/the main outcome) are 95 0.87 0.70-1.00 93

reported

14 Details about the injury context are included 92 0.94 0.81-1.00 96

15 Example screenshots/video frames are included 76 1.00 1.00-1.00 100

16  Findings are discussed within the context of the current evidence 100 1.00 1.00-1.00 100

17  Clinical/practical implications of the results are discussed 90 0.81 0.61-1.00 90

18  Limitations of the study are addressed 100 1.00 1.00-1.00 100

Base rate refers to the percentage of ratings that were answered with yes/present out of 63 ratings per scale item (21 studies, 3 reviewers)

(average duration of around 10 min per article). This is com-
parable to other quality appraisal instruments and supports
its feasibility [37, 47]. The rating time may be even less than
10 min if the raters know the studies beforehand (e.g., from
performing a systematic literature search).

Our results from the evaluation process give some guid-
ance on how to interpret QA-SIVAS. Most studies included
through the systematic search on ACL injuries scored
between 60 and 80%. No study achieved maximal scoring.
Only a few studies scored < 60%. One study scored > 80%.
However, there was only one item (item 3; Characteristics of
the study population are included) that was not met by any of
the included studies. Although no study has met the criteria
of this item (by not reporting the age of the study population
in the majority of studies), item 3 was still considered indis-
pensable due to its clinical implication for injury prevention.
It may thus be proposed to use the following interpretation
when judging study quality: <60%: low quality; 60-70%:
moderate quality; 71-80%: good quality, 81-100%: high
quality. Accordingly, five studies were of low quality, eight
studies of moderate quality, seven studies of good quality,
and one study of high quality.

For studies already completed, the QA-SIVAS scale
may help to highlight methodological concerns. The QA-
SIVAS scale can thus be used for assessing multiple stud-
ies that are included in a systematic review. High-quality
systematic reviews are of great importance [41], and can

support clinical decision making in sports [2]. However,
shortcomings in the quality of included studies are of
major concern. Quality assessment of studies is a chal-
lenging but indispensable task in order to draw valid con-
clusions based on the available evidence on a given topic
[48]. QA-SIVAS can be used when conducting systematic
reviews, and may also help researchers assess the quality
of individual studies.

Although designed as an assessment tool, QA-SIVAS can
also be a guidance for researchers. To date, only few recom-
mendations on how to standardize VA have been published.
These recommendations were specific to sports or injuries
such as concussion, rugby or netball [11, 22, 33]. For exam-
ple, in future VA research, QA-SIVAS may improve study
design when used as a checklist in the planning of new stud-
ies [48]. By developing the QA-SIVAS scale, it was the firm
intention of our group to extend the principles of evidence-
based medicine into the field of video-based sports injury
assessment. Future studies in the field should adhere to the
QA-SIVAS criteria. In the planning of future studies, items
2 and 11 should be given special attention to allow for a
homogenous and standardized methodological approach.
When reporting study results, particular attention may be
given to items 3, 4, and 8 of the QA-SIVAS scale. These
data can easily be included when reporting study results.
However, only a minority of the studies assessed fulfilled
these items.
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Table 3 Ratings for the validity analysis made by two experts in the
field (point scale: 1-4) and the corresponding QA-SIVAS scores
(point scale: 0-18) for the included 21 studies

Study Expert 1 Expert2 Mean QA-
SIVAS
score
(%)

Belcher et al. (2022) [4] 3 3 3 12 (67)

Boden et al. (2000) [5] 1 1 1 6 (33)

Boden et al. (2009) [6] 2 2 2 9 (50)

Brophy et al. (2015) [7] 2 2 2 11 (61)

Cochrane et al. (2007) [10] 3 3 3 11 (61)

De Carli et al. (2022) [12] 1 3 2 10 (56)

Della Villa et al. (2020) [13] 4 4 4 14 (78)

Della Villa et al. (2021) [15] 4 4 4 14 (78)

Grassi et al. (2017) [19] 3 3 3 11 (61)

Grassi et al. (2020) [20] 3 3 3 11 (61)

Johnston et al. (2018) [28] 3 3 3 12 (67)

Koga et al. (2010) [30] 3 4 35 12 (67)

Koga et al. (2017) [29] 4 4 4 11 (61)

Krosshaug et al. (2007) [31] 3 3 3 13 (72)

Lucarno et al. (2021) [32] 4 4 4 14 (78)

Montgomery et al. (2018) 4 4 4 14 (78)

[36]

Olsen et al. (2004) [38] 4 4 4 13 (72)

Rolley et al. (2023) [40] 3 3 3 10 (56)

Sheehan et al. (2012) [44] 2 3 2.5 10 (56)

Stuelcken et al. (2016) [45] 3 3 13 (72)

Waldén et al. (2015) [46] 4 4 15 (83)

4.1 Strength and Limitations

To the best of our knowledge, the QA-SIVAS scale is the first
specific tool to assess the quality of studies using VA of inju-
ries in sports. It was developed and refined based on multiple
rounds of consensus. However, reliability and validity test-
ing was applied to anterior cruciate ligament ruptures without
considering other injury mechanisms. Further, the independ-
ence of reviewers is not granted as some of the authors have
previously worked together on research projects [8]. For this
reason, it was a strategic goal to include multidisciplinary
reviewers from multiple centers. Nevertheless, the practical
implementation of QA-SIVAS is pending. As with other tools,
the significance of QA-SIVAS will depend on feedback from
the research community and updates may be required in future
years.

5 Conclusion

We identified key domains and criteria for the evaluation
and development of studies in the field of video-based
assessment of sports injuries. By using multiple rounds
of consensus and pilot testing, the QA-SIVAS scale was
developed as a new instrument in the quality assessment of
studies in this field. We have provided evidence that QA-
SIVAS is reliable, valid, and can be easily adapted into
sports research. Future studies in the field of video-based
analysis of sports injuries should adhere to standardized
methodological criteria and strict quality guidelines.
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