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Abstract

Back pain in athletes varies with sport, age, and sex, which can impair athletic performance,

thereby contributing to retirement. Studies on back pain in this population use question-

naires to assess components, such as pain intensity and location and factors associated

with pain, among others. This study aimed to review validated questionnaires that have

assessed back pain in athletes. This systematic review was conducted according to Pre-

ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) by searching

the databases Embase, MEDLINE, SPORTDiscus, CINAHL, and Scopus. The articles were

selected regardless of language and date of publication. Titles and abstracts were indepen-

dently selected by two reviewers; disagreements were resolved by a third reviewer. All the

steps were conducted using the software Rayyan. The methodological quality of the ques-

tionnaire validation articles was assessed using a critical appraisal tool checklist proposed

by Brink and Louw. The search returned 4748 articles, of which 60 were selected for this

review, including 5 questionnaire validation studies. These articles were published between

2004 and 2022, which were performed in more than 20 countries, particularly Germany (14)

and Sweden (5). Thirteen different instruments were identified, of which 46.1% were devel-

oped in Europe. The most commonly used questionnaires were the Oswestry Disability

Index and Nordic Standardized Questionnaire. In addition, five questionnaire validation

studies were selected for methodological quality assessment, with only two studies demon-

strating high methodological quality. The following three instruments were identified for

assessing back pain specifically in athletes: Micheli Functional Scale, Persian Functional

Rating Index, and Athlete Disability Index. This review confirmed that all three instruments

were specifically designed to assess this condition.

1 Introduction

Pain is defined by the International Association for the Study of Pain (IASP) as “an unpleasant

sensory and emotional experience associated with, or resembling that associated with, actual

or potential tissue damage [1].” Musculoskeletal pain has been widely researched in the
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scientific literature [2] and may occur in various areas of the body, such as the back. Back pain

[(BP)] can be conceptualized as, “existing or non-existing, present or previous pain of any

kind in the thoraco-lumbar spine [3]” or even as “pain in the cervical, thoracic and/or lumbar

areas [4–7].” Thus, controlling BP is highly relevant and crucial, particularly for athletes [8]

Soon, sustained pain results in a decline in athletic performance, which makes it difficult to

maintain a competitive level of play [9].

BP in athletes is associated with different factors, such as sleep [10–12], high training vol-

umes [13], sex [14, 15], sport [16, 17], and psychosocial dimensions [18], and other factors [19].

This condition has been studied in sports, such as rowing, cycling, gymnastics, shooting, rugby,

and football [20–23]. Therefore, medical literature has increasingly recognized the need to con-

sider BP a disease, and therefore, evaluate it [24]. Pain assessment is so important that if we ask

the individual if he has pain, his simple answer is not enough for reliability of response [25].

Most (observational and experimental) epidemiological studies aimed at assessing BP and

associated risk factors are based on questionnaires [26, 27]. For example, the Visual Analog

Scale (VAS), the Numerical Rating Scale (NRS), and the Pain Severity subscale of the Brief

Pain Inventory (BPI-PS) are the most commonly used instruments to measure pain intensity

in low back pain [28] and the first two are considered reliable in assessing low back pain sever-

ity [29]. Even assessing pain intensity using verbal rating scales and visual analog scales has

been considered valid for many years [30]. Operationally, these methods are used to evaluate a

research object and measure the characteristics and/or attributes related to the phenomena,

individual, process, or organization [31]. Developing a questionnaire is a rigorous and com-

plex process, involving writing, ordering, and presenting items [32].

Many questionnaires assessing BP are prevalent in different populations [2, 33, 34]. How-

ever, athletes are subject to more intense and sport-specific variables, which are not included

in these questionnaires [35]. Therefore, certain questionnaires have limitations; however,

efforts have been made to develop specific questionnaires for athletes [10, 22, 36–39]. How-

ever, despite these efforts, no instrument is considered the gold standard for athletes [13].

This study is relevant because the demand in health care, combined with the need to use

evaluative instruments, has contributed to increase, for example, the pressure on health care

professionals to ensure the implementation of evidence-based practice. Thus, publication of

systematic review studies, as well as others that synthesize research results, is an important

action for evidence-based practice. Moreover, this type of study serves to guide the develop-

ment of projects, indicating new directions for future investigations. Therefore, the aim of this

study was to review the scientific literature related to validated questionnaires to evaluate BP

in athletes. The hypothesis is that there are few valid and reliable instruments to evaluate BP in

athletes and that the existing ones contribute little to the specific assessment.

2 Materials and methods

2.1 Protocol and registration

To support this review, it was performed and published an article on a systematic review pro-

tocol entitled: “Evaluating Instruments for Assessing Back Pain in Athletes: A Systematic Review
Protocol” [35].

This systematic review was conducted according to Preferred Reporting Items for System-

atic Reviews and Meta-Analyses (PRISMA) [40]. To increase transparency and reproducibility,

while avoiding duplication of efforts on the same topic, this review was submitted to and regis-

tered in the International Register of Prospective Systematic Reviews (PROSPERO) under

CRD42020201299. Ethical approval was not required because this study did not involve

human participants.
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2.2 Research question identification

The main question of the study was “what are the existing, valid, or reliable instruments for

assessing BP in athletes?”

2.3 Search strategy and eligibility criteria

The initial search for articles was performed by one researcher (VDA) on October 27, 2022,

using the following five databases: MEDLINE, Scopus, Embase, SPORTDiscus, and CINAHL.

Search terms were combined using Boolean operators (AND/OR), and searches for articles

were performed in the databases without restricting the year, country, and language of publica-

tion. Box 1 presents the logical structure of the general search strategy with the Boolean

descriptors and operators used in the databases. The search strategy for each database is pre-

sented in S1 Annex.

This review included articles whose instruments met the following criteria: a) mentioned

prevalence, incidence, intensity, location, functional disability, or other BP-related compo-

nents, b) assessed athletes and sports-related variables, and c) could be created, adapted, or

translated but were validated or at least tested for their reliability. In this research, validated

questionnaires were analyzed regardless of the country. Therefore, the same questionnaire

could be validated for athletes in different countries and may thus vary based on cultural

adaptation.

Thus, the articles that met the following criteria were excluded from this review: a) system-

atic reviews, reports, opinion articles, response letters, and book chapters, b) research that

included individuals with physical or mental disabilities, pregnant or lactating women, and

participants with spinal fractures or who have recently undergone surgery, c) studies con-

ducted in specific and/or traditional communities (for example, rural communities, indige-

nous populations, refugees, uncontacted individuals, and remote and isolated communities).

The methodological quality was assessed by selecting articles that evaluated the measure-

ment properties of instruments specifically developed for athletes. In this review, the term BP

was defined as “cervical, thoracic and/or lumbar pain [4–7],” and athletes were defined as

“individuals who participate in athletic competitions and are involved in training activities for

four or more hours per week [41–43].”

2.4 Study review and selection process

The results from the search strategies were imported into the Mendeley software; duplicate

articles were identified and removed. The first selection phase consisted of reading the title

and abstracts to assess whether each article met the eligibility criteria. After this phase, the

Box 1. Electronic search strategy

(#1) “Pain measurement” OR “Questionnaire” OR “instrument” OR “form” OR “assessment” OR “score” OR

“measurement” OR “scale” OR “tool”
(#2) “Back pain” OR “low back pain” OR lumbago OR “neck pain” OR backache OR “spinal pain” OR “neck ache”
OR “neck pain”
(#3) “Athlete” OR “sport” OR “sportsman” OR “sportswoman”
(#1) AND (#2) AND (#3)
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articles were read completely to confirm their eligibility. All the steps were performed using

the Rayyan software, which is specifically designed for conducting systematic reviews [44].

The article-selection step was independently performed by two reviewers, and disagree-

ments were resolved by a third reviewer. Interrater reliability for individual component ratings

was determined by calculating the percent agreement and Cohen’s Kappa coefficient. Thereaf-

ter, eligible articles were included in this systematic review.

2.5 Methodological quality

The methodological quality of the articles that evaluated the measurement properties of the

instruments specifically developed for athletes was determined using the Critical Appraisal

Tool (CAT) proposed by Brink and Louw [45]. The scale consists of 13 items, of which five

refer to both validity and reliability, four to validity, and four to reliability studies. Each item is

scored as “Yes,” “No,” or “Not Applicable (N/A).” This scale was used by the same indepen-

dent reviewers. A study is considered of high methodological quality when the score� 60%

[46, 47].

2.6 Reviewer training

Before starting the search process, the reviewers who participated in the eligibility assessments

were trained concerning the inclusion/exclusion criteria of the study, which included a practi-

cal assessment of the eligibility of 50 abstracts [7]. Lastly, the training process covered aspects

such as correctly using the software Rayyan and standardizing procedures. The reviewers were

trained on how to use the software to use the same selection criteria for the articles. In this

case, at first, a reviewer included in the software a file with data from the articles and began the

selection of those that fit the selection criteria by reading the titles and abstracts, including jus-

tifying the exclusions. Later, the second reviewer performed the same procedure.

2.7 Data extraction

The following data were extracted from the selected articles: author and year of publication,

country of research, participants’ age, name of the evaluation instruments, sport, sample size,

level of physical activity, and BP definition. The following data were extracted from the

selected instruments: type, name, number of items of the instrument, assessment method and

objective of the assessment instrument. The following data were extracted from the studies

selected for methodological quality assessment: study (author and year), instrument objective,

name (instrument abbreviation), sport/activities assessed by the instrument, validity, internal

consistency and reliability.

3 Results

The PRISMA selection process and flow diagram of this systematic review is shown in Fig 1.

In total, 4,748 articles were imported from five databases (Embase, MEDLINE, SPORTDiscus,

CINAHL, and Scopus). Of this total, 2,136 duplicates were removed, and 2,376 articles were

excluded after reading the title and abstract. The remaining 236 articles were read completely,

subsequently excluding 176 articles. Ultimately, 60 articles were selected for this review. Upon

article selection, the inter-rater reliability was 96%, with a Cohen’s kappa of 0.53.

In total, 60 articles were selected for this review, including 5 athlete questionnaire validation

studies. The articles were published between 2004 and 2022, and the sample size ranged from 8

[48] to 2,116 [49] participants. The participants’ age ranged from 10-year-old gymnasts [50] to

56-year-old golfers [51]. The terms that defined the athletes’ competitive level, such as
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educational (education, university student, elite sports school), divisional (international,

national, regional, and local), age (veterans), competition (professional or elite and recrea-

tional (club and intramural sports and Junior Olympic program) levels varied considerably

between the studies.

Of the 60 articles, most were surveyed in athletes in Germany [14, 18, 49, 52–62], in Sweden

[3, 63–66], and in Iran [36, 37, 67–69]. Moreover, also in Norway [11, 70, 71], Poland [72–74],

United States [50, 51, 75], the Netherlands [76, 77], Belgium [78], Switzerland [12, 79], Finland

[80, 81], Australia [82, 83], Spain [84, 85], Saudi Arabia [86, 87], Estonia [88], Serbia [89], New

Zealand [90], Ukraine [91], China [92], Austria [93], Brazil [94], and India [95]. Three articles

[48, 96, 97] failed to report the study site, and one study was conducted in several countries

[98]. In addition, only 23 studies defined BP, whereas 37 studies did not. Further details are

provided in Tables 1 and 2.

Fig 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of articles included in this review.

https://doi.org/10.1371/journal.pone.0293333.g001
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Table 1. Summary of the article included in this review.

Reference Country Age, mean, standard

deviation

Sample Instrument Sport Level of

competition

Backpain

definition

Bahr, Andersen et al.

2004 [70]

Norway 23 ± 5 (M) 21 ± 4 (F)

21 ± 6 (M) 22 ± 5 (F)

24 ± 7 (M) 23 ± 6 (F)

781 SNQ Skiing, Rowing and

Orienteering

Elite Yes

Hanrahan, Van

Lunen et al. 2005

[96]

– 20.3 19 MPQ Athletics Collegiate No

Kraft, Scharfstädt

et al. 2007 [52]

Germany 21.9 20 ODI Equestrian vaulting Elite No

Baranto, Hellström

et al. 2009 [63]

Sweden 26 (athletes) and 28

(non-athletes)

40 (athletes) and 42

(non-athletes)

92 ODI Several sports Elite Yes

Tsai, Sell et al. 2010

[51]

United

States

47.9±8.3 with pain

48.6 ±7.4 without pain

32 Modified ODI Golf – No

Clarsen, Krosshaug

et al. 2010 [98]

Several 26 109 SNQ Cycling Professional Yes

Jonasson, Halldin

et al. 2011 [79]

Switzerland 28 (athletes)

21 (non-athletes)

77 ODI Several sports Elite No

John Kachanathu,

Zakaria et al. 2012

[87]

Saudi Arabia 20.7 ± 2.0 30 ODI Cricket -Fast

bowlers

Professional No

Hilgersom, Kuilman

et al. 2012 [76]

The

Netherlands

18 ± 14–25 75 ALBPSQ-DLV, RMDQ, ODI,

CPG and SNQ

Speed skating Elite Yes

Sutton, Guin et al.

2012 [48]

– 19–21 8 ODI Several sports Collegiate No

Cole and Grimshaw

2014 [82]

Australia 46 (with pain)

39 (without pain)

27 SF- MPQ Golf – No

kuotras, Buecking

et al. 2014 [53]

Germany 42±15 137 SNQ Auto racing Professional No

Corkery, O’Rourke

et al. 2014 [75]

United

States

21.2 ± 2 (with pain)

20.87 ±1.3 (Control

group)

15 ODI Several sports – No

Külling, Florianz

et al. 2014 [93]

Austria 28 ± 19–39 29 RMDQ and

ODI

Beach volleyball Elite No

Ng, Cañeiro et al.

2015 [83]

Australia 15.2 ± 1.5 (Control)]

16.3 ± 1.5 (Intervention)

36 RMDQ Rowing School and

Community Clubs

No

Tunås, Nilstad et al.

2015 [11]

Norway 22.4 ± 4 soccer

22.3 ± 3 handball

467 SNQ Soccer and

Handball

Elite Yes

van Hilst, Hilgersom

et al. 2015 [77]

The

Netherlands

16 ± 14–19 field hokey

(F)

17± 15–24 field hokey

(M)

18 ± 14–25 Speed skating

(F)

18 ± 15–23 Speed skating

(M)

18 ± 16–19 Soccer (M)

181 SNQ and ALBPSQ-DLV Field Hockey

Speed skating

Soccer

Elite Yes

Heidari, Mierswa

et al. 2016 [54]

Germany 28.7 ± 9.7 (athletes)

41.6 ± 14.4 (non-

athletes)

264 CPGS Several sports International

National

Regional

Local

No

Heidari, Mierswa

et al. 2016 [55]

Germany 32.24 ± 11.32 139 CPG Several sports Competitive

Recreational

No

Mueller, Mueller

et al. 2016 [56]

Germany 13.2 ± 1.4 321 FPS Several sports Collegiate Yes

(Continued)
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Table 1. (Continued)

Reference Country Age, mean, standard

deviation

Sample Instrument Sport Level of

competition

Backpain

definition

Alricsson, Björklund

et al. 2016 [64]

Sweden 16–19 51 CPG Skiing International and

national

Yes

Pasanen, Rossi et al.

2016 [80]

Finland 15.8± 1.9 401 SNQ Floorball and

Basketball

– Yes

Abdelraouf and

Abdel-aziem 2016

[86]

Saudi Arabia 21.5 ± 2.5 athletes with

pain

22.6 ± 2.42 athletes

without pain

55 MFS Several sports Collegiate No

Clay, Mansell et al.

2016 [97]

– 19.2 ± 1.1 (Technical

sports)

19.5±1.2 (Endurance

athletes)

37 ODI Rowing Collegiate No

Bussey, Kennedy

et al. 2016 [90]

New Zealand 19.3 ± 1.4 with pain

20 ± 1.6 without pain

39 ODI Field hockey Elite No

Mueller, Mueller

et al. 2017 [57]

Germany 13.2 ± 1.6 1559 FPS Several sports Elite sports schools No

Müller, Müller et al.

2017 [49]

Germany 13.3 ± 1.7 2116 FPS Several sports Elite sports schools Yes

Wippert,

Puschmann et al.

2017 [18]

Germany 39± 13 588 CPG – Recreational

athletes and non-

athletes

No

Fett, Trompeter et al.

2017 [14]

Germany 20.9 ± 4.8 1.114 CPG and SNQ Several sports Elite Yes

Kums, Ereline et al.

2017 [88]

Estonia 14.3 ± 1.3 (with back

pain)

14.6±1.5 (without back

pain)

32 ODI Rhythmic

gymnastics

Elite No

Noll, Silveira et al.

2017 [94]

Brazil 14–20 251 BACKPEI Volleyball,

Basketball, Handball

and Soccer

High school

athletes

No

Thoreson, Kovac

et al. 2017 [65]

Sweden 17.6 ± 1.02 (Skiers])

16.4 ±0.57 (Control)

44 ODI Skiing Elite Yes

Rossi, Pasanen et al.

2018 [81]

Finland 14.9 ± 1.6 (Floorball)

16.8 ± 1.6 (Basketball)

396 SNQ Floorball and

basketball

– Yes

Trompeter, Fett et al.

2018 [58]

Germany 20.9 ± 4.8 1.114 CPG and SNQ Several sports Elite No

Todd, Aminoff et al.

2018 [66]

Sweden 18.2± 1.1 (Skiers])

16.4 ± 0.6 (Control)

102 ODI Skiing Elite No

Witwit, Kovac et al.

2018 [3]

Sweden 18.2 ± 1.1 (Skiers)

16.4±0.6 (Control)

75 ODI Skiing Elite Yes

Gajsar, Titze et al.

2019 [59]

Germany 28.6 ± 9.69 (Athletes)

41.6± 14.3 (Non-athletes)

266 CPGS Several sports International and

Regional

Yes

Fett, Trompeter et al.

2019 [62]

Germany 19.7 ± 4.7 (Athletes)

21.2 ± 2.0 (Control)

347 CPG and SNQ Several sports Elite Yes

Trompeter, Fett et al.

2019 [60]

Germany 20.7 ± 3.8 (Elite)

25.3 ± 6.1 (Non-elite)

322 CPG and SNQ Rowing Elite Yes

Sweeney, Potter et al.

2019 [50]

United

States

13.3 ± 2.5 (with pain)

13.8 ± 3.0 (without pain)

29 MFS and ODI Gymnastics Junior Olympic

Program

No

Lukas and German

2019 [12]

Switzerland 19.6 ± 3.5 (Elite technical

cycling disciplines)

19.5 ± 5.8 (Elite

endurance cycling

disciplines)

111 ODI Cycling Elite No

(Continued)
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Of the total number of articles included in this review, only 5 were validated questionnaires.

These questionnaires were developed and validated for athletes; therefore, their articles were

selected for methodological quality assessment. Each of these 5 articles validated a single ques-

tionnaire, including the Micheli Functional Scale (MFS) [36, 68], Persian Functional Rating

Index (PFRI) [37, 67], and Athlete Disability Index (ADI) [22].

All the five studies assessed validity and reliability. Two studies [36] did not report in which

sports the tests were performed. For criterion validity, MFS demonstrated excellent correlation

with the Oswestry gold standard Low BP Disability Questionnaire (ODQ) and significantly

identified BP in younger and older patients and among female and male patients, thereby indi-

cating that MFS is a valid and widely applicable tool. The total score of the Persian version of

Table 1. (Continued)

Reference Country Age, mean, standard

deviation

Sample Instrument Sport Level of

competition

Backpain

definition

Honcharov, Ruban

et al. 2020 [91]

Ukraine 36–45 34 ODI Wrestling Veteran athletes No

Madić, Obradović
et al. 2020 [89]

Serbia 20.4 ± 3.7 136 RMDQ Soccer Semi-professional No

Levenig, Kellmann

et al. 2020 [71]

Norway 28.69 ± 9.60

39.34 ± 12.63

238 CPG - Elite Yes

Cejudo, Moreno-

Alcaraz et al. 2020

[84]

Spain 22.50 ± 2.89 26 SNQ Inline hockey Professional Yes

Błach, Klimek et al.

2020 [72]

Poland 18–44 100 ODI Karate Elite No

Zhou and Fu 2021

[92]

China 40–50 106 RMDQ Golf - Yes

Deckers, De Bruyne

et al. 2021 [78]

Belgium 25 ± 7 32 ODI Equestrianism Professional Yes

Sharma, Akmal et al.

2021 [61]

Germany 21.22 ± 3.41

24.37 ± 3.02

24.38 ± 3.61

35 ODI Cricket, hockey,

volleyball and

basketball

University athletes Yes

Zaworski, Gawlik

et al. 2021 [73]

Poland 19–25 21.7 ± 1.8 18 VAS , ODI, BPFS (Back Pain

Functional Scale), Modified

Laitinen Pain Questionnaire

Soccer University athletes No

Deckers, De Bruyne

et al. 2021 [78]

Belgium 25 ±7 32 ODI Equestrianism National and

regional

Yes

Sędek,

Truszczyńska-

Baszak et al. 2022

[74]

Poland 31.7 ± 5.2 (study)

29.7 ± 4.4 (control)

61 ODI Brazilian Jiu-Jitsu - No

Kazemkhani,

ShahAli et al. 2022

[69]

Iran 18.87± 1.95 (control)

19.81± 3.7 (study)

56 ADI Several sports - No

Marugán-Rubio,

Chicharro et al.

2022) [85]

Spain 33.15 ± 7.79 80 RMDQ Soccer Semi-professional No

Pavana, K et al. 2022

[95]

India 18–25 50 SNQ Volleyball Collegiate No

M: Male, F: Female, ALBPSQ-DLV: Acute Low Back Pain Screenings Questionnaire-Dutch Language Version, BACKPEI: Back Pain and Body Posture Evaluation

Instrument, CPG: Chronic Pain Grade Questionnaire, CPGS: Chronic Pain Grade Scale, FPS: Faces Pain Scale, MFS: Micheli Functional Scale, MPQ: McGill Pain

Questionnaire, ODI: Oswestry Disability Index, RMDQ: Roland–Morris Disability Questionnaire, SF-MPQ: McGill Pain Questionnaire Short Form, SNQ: Nordic

Standardized Questionnaire.

https://doi.org/10.1371/journal.pone.0293333.t001
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this instrument also significantly correlated with the total score of the visual analog scale

(VAS) and PFRI.

The total score of PFRI positively correlated with the total score of the Persian Roland–

Morris Disability Questionnaire (PRMDQ) [99]. These data indicate the construct validity of

PFRI in athletes with low BP [37]. PFRI also strongly correlated with the Numerical Rating

Scale (NRS) and the Persian Neck Disability Index (NDI) [67], indicating the construct validity

of the PFRI in athletes with neck pain.

Moreover, the ADI significantly correlated with both the Oswestry Disability Index (ODI)

and the Roland–Morris Disability Questionnaire (RMDQ) [22]; therefore, all 3 questionnaires

identified athletes with a low BP disability and rated the levels of severity of their disabilities.

Moreover, only MFS was identified as an instrument used in athletes in our review. All the 3

questionnaires had high reliability and validity scores, as shown in Table 2.

This review identified 13 questionnaires. The ODI [100] and Nordic Standardized Ques-

tionnaire (SNQ) [101] were the two instruments most frequently used in the studies. This

reseacrh identified 24 (43.7%) articles using ODI and 14 (25.4%) using SNQ. ODI is an index

derived from the instrument Oswestry Low BP Disability Questionnaire (OLBPDQ) [100],

developed by Fairbank and Pynsent. A high rate of usability of these instruments was also

Table 2. Summary of the instrument validation articles and their questionnaires.

Study Objective Instrument Sport (%) Item Validity Corrected

Instrument

Internal

Consistency

Reliability

Questionnaire summary

d’Hemecourt,

Zurakowski et al. 2012

[36]

To validate a specific

instrument for the

functional evaluation of low

back pain in the young

athlete.

MFS NR 5 r = 0.90 ODQ Cronbach’s α
= 0.904

Cronbach’s α
= 0.904

Naghdi, Nakhostin

Ansari et al. 2015 [37]

To determine the reliability

and validity of an

instrument for assessing

low-back pain in athletes.

PFRI Bodybuilding (38%), Aerobics

(13.3%), Swimming (12%),

Soccer (8%), Judo (8%),

Badminton (7.3%), Pilates

(6.7%), Others (6.3%).

10 r = 0.72

r = 0.83

NRS

PRMDQ

Cronbach’s α
= 0.90

Test-retest

ICC = 0.97

Naghdi, Ansari et al. 2016

[67]

To validate an instrument

for assessing neck pain in

athletes.

PFRI Bodybuilding (30.7%),

Aerobics (18%), Swimming

(10.7%), Karate (11.3%),

Taekwondo (8.7%), Volleyball

(6.7%), Soccer (6%), Yoga

(4%) Badminton (4%).

10 r = 0.94

r = 0.995

NRS

NDI

Cronbach’s α
= 0.97

Test-retest

ICC = 0.96

Noormohammadpour,

Khezri et al. 2018 [22]

To evaluate the validity and

reliability of a new

proposed questionnaire for

assessing functional

disability in athletes with

low-back pain.

ADI NR 12 r = 0.626

r = 0.918

r = 0.669

VAS

ODI

RMDQ

Cronbach’s α
= 0.91

Test-retest

ICC = 0.74–

0.95

Naghdi, Ansari et al. 2015

[68]

To translate and cross-

culturally adapt MFS.

MFS Physical Fitness (28.7%),

soccer (24.7%), volleyball

(13.3%), judo (9.3%),

basketball (8%) and others

(16%).

5 r = 0.82

r = 0.92

PFRI

VAS

Cronbach’s α
= 0.73

ICC = 0.99

ADI: Athlete Disability Index, FRI: Functional Rating Index, ICC: Intraclass Correlation Coefficient, MFS: Micheli Functional Scale, NDI: Neck Disability Index, NR:

Not Reported, NRS: Numerical Rating Scale, ODI: Oswestry Disability Index, ODQ: Oswestry Low Back Pain Disability Questionnaire, PFRI: Persian Functional Rating

Index, PRMDQ: Persian Roland–Morris Disability Questionnaire, r: Pearson product-moment correlation coefficient, rho: Spearman’s rank correlation coefficient

expressing convergent validity, RMDQ: Roland–Morris Disability Questionnaire, VAS: Visual Analog Scale.

https://doi.org/10.1371/journal.pone.0293333.t002
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reported by another systematic review [13]. The Short-Form McGill Pain Questionnaire

(SF-MPQ) [102] is a shorter version of the original MPQ [103]; both questionnaires were

developed in Canada and by the same authors. Information on the questionnaires identified in

this review is presented in Box 2.

Box 2. Instruments found in this review

Assessment instrument Objective Assessment Items of the

instruments

Articles that used the

instrument

McGill Pain Questionnaire

Short Form–SF-MPQ [102]

To briefly and quickly assess an

individual with significant pain

Questionnaire with 2 subscales: a

sensory subscale with 11 items and an

affective subscale with 4 items. Each item

is rated on a 4-point intensity scale

ranging from 0 (none) to 3 (severe pain).

15 [82]

Chronic Pain Grade

Questionnaire–CPG [104]

To grade pain and pain-related

disability

Scale with 3 items assessing pain

intensity, 3 items assessing pain-related

disability and 1 item assessing pain

persistence expressed as days in pain

7 [14, 18, 55, 58, 60, 62,

64, 71, 76]

Faces Pain Scale–FPS [105] To grade pain Scale with 5 faces, wherein face 1

corresponds to absence of pain, and face

5 corresponds to maximum pain.

5 [49, 56, 57]

Chronic Pain Rating Scale–

CPGS [106]

To assess pain intensity and

disability

Scale with 3 items assessing pain

intensity and 4 items assessing disability

7 [54, 59]

Micheli Functional Scale–MFS

[36]

To assess symptoms of low-back

pain and ease or difficulty in

performing various sporting

activities

Questionnaire with 5 items, namely 1

item assessing symptoms, 3 items

assessing sporting activities, namely

extension, flexion, and jumping, and one

item with a visual analog scale scored on

10 points based off a 10-cm line.

5 [50, 86]

Roland–Morris Disability

questionnaire–RMDQ [107]

To assess self-rated physical

disability caused by low back

pain

Intensity scores are summed and can

range from zero (no disability) to 24

(severe disability). Scores higher than 14

points indicate physical disability.

24 [76, 83, 85, 89, 92, 93]

Acute Low Back pain

Screening Questionnaire-

Dutch Language Version–

ALBPSQ-DLV [108]

To screen for psychosocial risk

factors of chronic low-back pain

Questionnaire with 21 items and

encompassing the following 5 domains:

pain, function, psychological, fear

avoidance beliefs, and miscellaneous

21 [76, 77]

Back Pain and Body Posture

Evaluation Instrument–

BackPEI [109]

To assess body posture, physical

activity level, and prevalence of

pain, among other factors

Questionnaire with 20 items expressing

the level of exposure to risk factors

21 [94]

Nordic Standardized

Questionnaire–SNQ [101]

To identify musculoskeletal

disorders in an ergonomic

context

Questionnaire consisting of two sections,

namely a general section, which assesses

pain or discomfort in nine anatomical

regions, and a specific section, which

assesses the severity of symptoms in the

last 12 months

17 [11, 14, 53, 58, 60, 62,

70, 76, 77, 80, 81, 84,

95, 98]

Oswestry Disability Index–

ODI [100]

To identify musculoskeletal

disorders

Questionnaire examining the level of

disability in 10 activities of daily living.

Each item consists of six statements

which are scored from 0 to 5.

10 [3, 12, 48, 50–52, 61,

63, 65, 66, 72–76, 78,

79, 87, 88, 90, 91, 93,

97]

McGill Pain Questionnaire

MPQ [103]

To evaluate a person with

significant pain

Questionnaire with 4 groups, 20

subgroups and 78 descriptors, whereby

the pain index is calculated as the sum of

the intensity values of the applicable

descriptors

78 [96]

Athletes Disability Index–ADI

[22]

To assess back pain in sports Questionnaire with 12 items assessing

disability in activities of daily living, such

as stretching, strengthening/ weight

training exercises

12 [69]

Back Pain Functional Scale

[110]

To assess pain intensity Contains 12 questions about activities of

daily living

12 [73]

ADI: Athlete Disability Index, ALBPSQ-DLV: Acute Low Back Pain Screenings Questionnaire-Dutch Language

Version, BACKPEI: Back Pain And Body Posture Evaluation Instrument, BPFS: Back Pain Functional Scale,

CPG: Chronic Pain Grade Questionnaire, CPGS: Chronic Pain Grade Scale, FPS: Faces Pain Scale, MFS: Micheli

Functional Scale, MPQ: McGill Pain Questionnaire, ODI: Oswestry Disability Index, RMDQ: Roland–Morris

Disability Questionnaire, SF-MPQ: McGill Pain Questionnaire Short Form, SNQ: Nordic Standardized

Questionnaire.
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Six instruments were developed in Europe (RMDQ, ODI, SNQ, Faces Pain Scale, Chronic

Pain Grade Scale, Acute Low BP Screenings Questionnaire- Dutch Language Version), five in

North America (MFS, CPG, MPQ, SF-MPQ, BP Functional Scale), and only one in South

America (BP and Body Posture Evaluation Instrument) and in Asia (ADI). The number of

items of the instruments ranged from 5 [36, 105] to 74 [103]. Fig 2 illustrates the origin of each

instrument.

3.1 Methodological quality

The methodological quality of 2 articles was rated as high (score> 60%) (Table 3). The mean

score of the methodological quality assessment was 55.5%. The inter- (item 4) and intra- (item

5) rater blindness, randomization (item 6), and period between repeated measures (item 8) of

the items were not assessed because they are not applicable to validity studies.

The items clarifying the rater’s qualifications or competence (item 2) and describing cases

of sample loss (item 12) were listed in all the articles as “no,” i.e., classified as methodological

shortcomings. These results prove that, despite the high rate of agreement with other instru-

ments, all the articles failed to report or clarify key information concerning the instrument

development process (validity and reliability) and, therefore, lack relevant methodological data

for this quality assessment process. Considering the other items, number 1 is related to the

Fig 2. Origin of each instrument. ADI: Athlete Disability Index, ALBPSQ-DLV: Acute Low Back Pain Screenings Questionnaire-Dutch Language Version,

BACKPEI: Back Pain And Body Posture Evaluation Instrument, BPFS: Back Pain Functional Scale, CPG: Chronic Pain Grade Questionnaire, CPGS: Chronic

Pain Rating Scale, MFS: Micheli Functional Scale, MPQ: McGill Pain Questionnaire, ODI: Oswestry Disability Index, RMDQ: Roland–Morris Disability

Questionnaire, SF-MPQ: McGill Pain Questionnaire Short Form, SNQ: Nordic Standardized Questionnaire.

https://doi.org/10.1371/journal.pone.0293333.g002
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characteristics of the participants, item 3 assesses the suitability of the study design, item 7

assesses the data collection period, items 9 to 11 examine the details of the procedure and,

lastly, item 13 evaluates the statistical details.

The authors of the tool used to assess the methodological quality information such that if

insufficient information was provided in some items, the item would be marked with “no

[45].” Details on the articles are outlined in Table 3.

The MFS was validated as a back-specific instrument for the functional assessment of

young athletes in 2012 by a research group of the Division of Sports Medicine of the Children’s

Hospital of Boston. This study included 94 athletes: 44 and 50 with and without low-BP,

respectively. This instrument has 5 items and gathers information on three domains: symp-

toms (degree to which BP affects sports activity), activities of daily living (degree to which pain

is associated with back extension and/or upright activities, sitting and/or flexion activities, and

jumping) and lastly, a VAS for pain assessment. The authors stated certain limitations in the

validation of the instrument, such as unequal distribution by age (between individuals with BP

and controls in the younger age group of athletes) and by sex and the absence of correlation of

MFS with minimum, moderate, and severe scores. At the end of the study, MFS was consid-

ered a valid instrument to assess the pain and functional levels of young athletes [36].

The reliability and validity of the PFRI for athletes with low-BP were examined in 2015 by a

research group of the Tehran University of Medical Sciences. In total, 100 athletes with low-BP

and 50 healthy athletes participated in the study. This instrument contains 10 items and mea-

sures the pain and function from 0 (no pain or can do all activities) to 4 (the worst possible

pain/ or cannot do any activity) [111]. The authors indicated a limitation in the validation of

the instrument: the responsiveness of PFRI was not examined. Nevertheless, they concluded

that PFRI is a valid and reliable instrument for assessing the functional status of athletes with

low BP [37].

A year later, the same research group validated the cross-culturally adapted PFRI for assess-

ing athletes with neck pain [67]. In total, 100 athletes with neck pain and 50 healthy athletes

participated in this study. Among the study limitations, the authors reported that the effect

size-based responsiveness of the PFRI to detect changes over time was not evaluated and that

they evaluated only the Persian version of the instrument. Notwithstanding these limitations,

at the end of the study, the PFRI was considered a valid and reliable instrument for assessing

the functional status of athletes with neck pain [67].

The ADI was recently analyzed by a group of researchers from two Iranian Universities and

Stanford University [22], who assessed the validity and reliability of ADI. In total, 165 male

and female athletes participated in this study. ADI contains 12 questions covering pain

Table 3. Results from the methodological quality assessment of the articles selected in this review.

Study (author and year of publication) 1 2 3 4 5 6 7 8 9 10 11 12 13 %

d’Hemecourt, Zurakowski et al. 2012 [36] Y N Y N/A N/A N/A N N/A Y Y Y N Y 66.6

Naghdi, Nakhostin Ansari et al. 2015 [37] Y N Y N/A N/A N/A Y N/A Y Y N N N 55.5

Naghdi, Ansari et al. 2016 [67] Y N Y N/A N/A N/A N N/A Y Y N N N 44.4

Noormohammadpour, Khezri et al. 2018 [22] Y N N N/A N/A N/A Y N/A Y Y Y N Y 66.6

Naghdi, Ansari et al. 2015 [68] Y N Y N/A N/A N/A N N/A N Y N N Y 44.4

N/A: Not applicable or not assessed; 1. sample description; 2. sample characteristics; 3. explanation of the reference standard; 4. inter-rater blindness; 5. intra-rater

blindness 6. rater or participant randomization; 7. data collection period; 8. period between repeated measures; 9. the study test is not included in the gold standard; 10.

description of the data collection procedures of the experimental test; 11. description of the data collection procedures of the gold standard; 12. description of cases of

sample loss; 13. suitable statistical method. Y: yes, N: no

https://doi.org/10.1371/journal.pone.0293333.t003
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intensity, stretching and strengthening or weight training exercises, sport-specific moves or

skills, and movement involving back rotations, among other questions. As a study limitation,

the authors reported that the intraclass correlation coefficient of the question concerning sex-

ual activity could not be calculated. However, they were able to identify a correlation between

ADI and MFS. At the end of the study, the authors concluded that ADI is a reliable and valid

instrument for assessing disability in athletes with BP [22].

4 Discussion

Some systematic reviews have previously investigated the existence of instruments for evaluat-

ing BP [112–114]. Systematic reviews organize data objectively and may report significant

results that potentially contribute to various studies. Therefore, reviews that systematize instru-

ments for assessing pain in specific populations are relevant because these results may aid

researchers in better selection of instruments according to their research objective. The main

purpose of this study was to identify the instruments used in the literature to assess BP in ath-

letes and summarize the articles that developed questionnaires for athletes. The hypothesis was

that few instruments are valid to assess BP in athletes and that the available instruments con-

tribute little to the specific assessment of BP in this population.

This systematic review summarized the results of research on BP assessment instruments in

12,912 athletes from 24 countries that were part of the studies. The studies included in this

review used different instruments to assess the pain for athletes in different sports, training lev-

els, ages, sexes, and ethnicities. The main results demonstrated that 24 (43.7%) articles used

ODI and 14 (25.4%) articles used SNQ; i.e., 69% of all the articles used non-validated instru-

ments. These two instruments were also found in other systematic reviews [13, 23, 114]. Fur-

thermore, many instruments for assessing BP were not specifically developed to assess athletes

and may have been used in several studies owing to the limited number of instruments avail-

able for this population, according to the results presented above.

In addition, 6 (46.15%), 5 (38.4%), 1 (7.7%), and 1 (7.7%) instrument(s) identified in this

review were developed in Europe, North America, South America, and Asia, respectively.

These results demonstrated the increased interest of developed countries in this topic and

instruments developed for BP research. Considering the study site of the articles, 40 (72.7%)

studies were conducted in Europe. These results reveal that countries from other continents,

such as the American and African countries, require further research and studies for develop-

ing instruments for athletes.

For methodological quality assessment remained 5 articles. Another review on question-

naires [115] also identified a low number of articles for methodological quality assessment. In

this research, these five articles validated the following questionnaires: MFS [36, 68], PFRI [37,

67], and ADI [22]. Upon evaluating each instrument individually, it was realized that the

instruments differed substantially in terms of items and extent to which their psychometric

properties were evaluated; thus, each instrument possesses an objective and functionality.

The MFS is considered a valid instrument for assessing the pain and functional levels in

young athletes. Conversely, the PFRI is considered a valid and reliable tool for assessing the

functional status in athletes with low-back and neck pain. Lastly, the ADI is a reliable and valid

instrument for assessing disability in athletes with BP.

In this review, only two of these three (66.6%) studies selected for methodological quality

assessment were classified as having high quality [22, 36] compared to other studies, in which

no article was rated as a high-quality study [116, 117]. Moreover, the checklist proposed by

Brink & Louw evaluates the quality of the articles and not their measuring instruments.
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Therefore, the lack of evidence for BP assessment instruments, in general, is not evaluated in

this research.

Limitations and strengths should be highlighted. First, the instruments used for assessing

BP in athletes lack standardization and are thus heterogeneous. The lack of standardization

leads researchers and professionals to use less accurate evaluation strategies. Moreover, the

lack of standardization makes it difficult to identify faults and problems, can lead to recurring

errors, generates excessive work and rework, and can have low reliability. Second, because the

instruments assess different factors, such as pain intensity, functional capacity, physical dis-

ability, quality of life, musculoskeletal disorders, pain monitoring, etc., their selection may be

complex and hinder certain studies. Third, this review did not assess the quality of the instru-

ments. To find the right tool for a survey, it is necessary, for example, to decide what to mea-

sure and then select the most suitable instrument for measuring the results. The use of tools to

improve the way research is carried out has a direct impact on the reliability of the results.

Moreover, in this search strategy, it was not including the names or acronyms of specific

pain questionnaires. Thus, although some articles might have used questionnaires, such as

ODI, VAS, and SNQ, concomitantly with other questionnaires, it was chosen not to specify

them in the searches to broaden the results. Therefore, this choice was considered a limitation

of the search strategy.

Considered as strengths of this review the fact that this article is the first that summarizes

instruments that assess BP specifically for athletes. Furthermore, this review selected articles in

all languages and without fixing a publication date, and these criteria are relevant because they

do not limit the ability to identify articles in the literature. Lastly, the search strategy was con-

ducted in five recognized databases (Embase, MEDLINE, SPORTDiscus, CINAHL, and

Scopus).

Another strength of this review is that it presents a protocol previously structured by the

same group of researchers, which synthesizes the authors’ ideas for carrying out a systematic

review. Moreover, this review reduces controversies in the literature, since it does not result

from the number of studies in favor of a particular intervention, but form the sum of several

case studies, identified and published in specific databases that are widely used in the literature.

Finally, another important positive element to be highlighted is the fact that this review directs

future studies to different areas of activity, it can be used as a tool to contribute to research in

medicine, physiotherapy, sport, among others.

Future studies should develop instruments or a standard questionnaire [13, 118] assessing

the factors associated with back and neck pain and even analyze the changes in body posture

focusing on activities of daily living. Questionnaires examining these factors may promote a

more robust and detailed data collection. Here are some recommendations for creating a new

instrument for assessing BP in athletes in the following text.

Initially, researchers should establish the conceptual framework of what they intend to mea-

sure, in addition to defining the objectives of the questionnaire and the study population by

thoroughly reading books, articles, and other materials [31] related to BP and athletes. The

items should subsequently be derived from a central objective [31] and associated with the

sporting activities of the athletes. These items may gather information related to several factors,

such as the sport, training or competition volume, trunk rotation or flexion movements, repet-

itive movements, other efforts, skill-related fitness components, and rest. It is also essential to

list information on behavioral care, posture and back or neck pain. These items can be either

selected from items of previous instruments and adapted or created.

Subsequently, the individual content of each item should be evaluated by content valida-

tion, thereby assessing the text and improving the structure of the questionnaire. At the end, a

pre-test should be performed before assessing the reliability of the questionnaire. Validity is
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the extent to which an instrument measures the construct it intends to measure [119], and reli-

ability is related to the coherence and consistency of the results and to the confidence that the

test provides when measuring phenomena [120, 121]. Therefore, these measurement proper-

ties should be assessed when designing questionnaires. Finally, based on the results identified

in this review, if future research wants to investigate BP in athletes, it is suggested the Athlete

Disability Index because it contains 12 general questions about pain, and its results are broader

compared to other instruments such as the Micheli Functional Scale.

5 Conclusion

This review identified specific questionnaires for assessing BP and studies that validated spe-

cific questionnaires for athletes. Based on this systematic review, two questionnaire validation

articles were classified with a high methodological quality. These findings highlight the impor-

tance of a more careful evaluation in selecting a questionnaire and, once selected, in avoiding

methodological shortcomings. Therefore, researchers should select the instrument according

to their research objective and comply with processes, such as validity and reliability.

Even though the results demonstrate the lack of certain essential elements for good evalua-

tion of research methodology, the importance of each instrument and their high correlation

with other instruments considered “gold standards” should be emphasized. To future readers

and researchers in the area, it is suggested new research articles and instruments, because the

effectiveness of treatment and its follow-up depend on a reliable and valid pain assessment and

measurement. It is suggested that more precise and reliable tools for assessing pain in this pop-

ulation be developed in the future and that these tools can be used to make the assessment of

back pain more precise and standardized.
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Silvia Cristina de Carvalho Borges, Michele da Silva Valadão Fernades, Vicente

Miñana-Signes, Manuel Monfort-Pañego, Priscilla Rayanne E. Silva Noll, Matias Noll.

References
1. Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, et al. The revised International Associa-

tion for the Study of Pain definition of pain: concepts, challenges, and compromises. Pain. 2020; 161

(9):1976–82. https://doi.org/10.1097/j.pain.0000000000001939 PMID: 32694387

2. Arruda GAd, Coledam DHC, Oliveira ARd, Neri FdS, Greca JPdA, Cardoso JRJRPdP. Proposal and

test-retest reliability of a scale for cervical, thoracic, and lumbar spine pain in brazilian young people.

Revista Paulista de Pediatria. 2019; 37(4):450–7. https://doi.org/10.1590/1984-0462/

;2019;37;4;00001 PMID: 30624540

3. Witwit WA, Kovac P, Sward A, Agnvall C, Todd C, Thoreson O, et al. Disc degeneration on MRI is

more prevalent in young elite skiers compared to controls. Knee Surgery, Sports Traumatology,

Arthroscopy. 2018; 26(1):325–32. https://doi.org/10.1007/s00167-017-4545-3 PMID: 28409199

4. Beynon AM, Hebert JJ, Lebouef-Yde C, Walker BFJC, therapies m. Potential risk factors and triggers

for back pain in children and young adults. A scoping review, part II: unclear or mixed types of back

pain. Chiropractic & manual therapies. 2019; 27(1):1–12.

PLOS ONE Instruments for assessing back pain in athletes: a systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0293333 November 3, 2023 16 / 22

https://doi.org/10.1097/j.pain.0000000000001939
http://www.ncbi.nlm.nih.gov/pubmed/32694387
https://doi.org/10.1590/1984-0462/;2019;37;4;00001
https://doi.org/10.1590/1984-0462/;2019;37;4;00001
http://www.ncbi.nlm.nih.gov/pubmed/30624540
https://doi.org/10.1007/s00167-017-4545-3
http://www.ncbi.nlm.nih.gov/pubmed/28409199
https://doi.org/10.1371/journal.pone.0293333


5. Beynon AM, Hebert JJ, Hodgetts CJ, Boulos LM, Walker BFJESJ. Chronic physical illnesses, mental

health disorders, and psychological features as potential risk factors for back pain from childhood to

young adulthood: A systematic review with meta-analysis. European Spine Journal. 2020; 29(3):480–

96. https://doi.org/10.1007/s00586-019-06278-6 PMID: 31907659

6. Junge T, Wedderkopp N, Boyle E, Kjaer PJC, therapies m. The natural course of low back pain from

childhood to young adulthood–a systematic review. Chiropractic & manual therapies. 2019; 27(1):1–

10.

7. Noll M, Wedderkopp N, Mendonça CR, Kjaer PJSr. Motor performance and back pain in children and

adolescents: a systematic review and meta-analysis protocol. Systematic reviews. 2020; 9(1):1–6.

8. Mizoguchi Y, Akasaka K, Otsudo T, Hall TJM. Physical function characteristics in Japanese high

school volleyball players with low back pain: A case-controlled study. Medicine. 2020; 99(46). https://

doi.org/10.1097/MD.0000000000023178 PMID: 33181694

9. Wernli K, Tan J-S, O’Sullivan P, Smith A, Campbell A, Kent PJjoo, et al. Does movement change

when low back pain changes? A systematic review. 2020; 50(12):664–70.

10. Zamani E, Kordi R, Nourian R, Noorian N, Memari AH, Shariati M. Low back pain functional disability

in athletes; Conceptualization and initial development of a questionnaire. Asian Journal of Sports Med-

icine. 2014; 5(4).

11. Tunås P, Nilstad A, Myklebust G. Low back pain in female elite football and handball players compared

with an active control group. Knee Surgery, Sports Traumatology, Arthroscopy. 2015; 23(9):2540–7.

https://doi.org/10.1007/s00167-014-3069-3 PMID: 24839041

12. Lukas R, German C. Back pain and core strength in elite cycling. Schweiz Z Med Traumatol,. 2019;

67:44–8.

13. Wilson F, Ardern CL, Hartvigsen J, Dane K, Trompeter K, Trease L, et al. Prevalence and risk factors

for back pain in sports: a systematic review with meta-analysis. Sports Medicine 2020. https://doi.org/

10.1136/bjsports-2020-102537 PMID: 33077481

14. Fett D, Trompeter K, Platen P. Back pain in elite sports: A cross-sectional study on 1114 athletes.

PLoS ONE. 2017; 12(6). https://doi.org/10.1371/journal.pone.0180130 PMID: 28662110
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mento de Questionários: Unificando conhecimentos em Pesquisa de Mercado e Psicometria. Admin-

istração: Ensino e Pesquisa. 2021; 22(1).

32. Geuens M, De Pelsmacker PJJoA. Planning and conducting experimental advertising research and

questionnaire design. Journal of Advertising. 2017; 46(1):83–100.

33. Pilz B, Vasconcelos RA, Teixeira PP, Mello W, Marcondes FB, Hill JC, et al. Construct and discrimi-

nant validity of STarT back screening tool–Brazilian version. Brazilian journal of physical therapy.

2017; 21(1):69–73. https://doi.org/10.1016/j.bjpt.2016.12.006 PMID: 28442077

34. Pierobon A, Policastro PO, Soliño S, Darlow B, Andreu M, Novoa GA, et al. Spanish translation, cross-

cultural adaptation and validation of the Argentine version of the Back Pain Attitudes Questionnaire.

Musculoskeletal Science and Practice. 2020; 46:102125. https://doi.org/10.1016/j.msksp.2020.

102125 PMID: 32217271

35. Azevedo VD, Silva RMF, Borges SCdC, Fernandes MdSV, Miñana-Signes V, Monfort-Pañego M,

et al. Evaluation Instruments for Assessing Back Pain in Athletes: A Systematic Review Protocol.

Healthcare (Basel). 2020; 8(4):574. https://doi.org/10.3390/healthcare8040574 PMID: 33561044

36. d’Hemecourt PA, Zurakowski D, d’Hemecourt CA, Curtis C, Ugrinow V, Deriu L, et al. Validation of a

New Instrument for Evaluating Low Back Pain in the Young Athlete. Clinical Journal of Sport Medicine.

2012; 22(3):244–8. https://doi.org/10.1097/JSM.0b013e318249a3ce PMID: 22382433

37. Naghdi S, Nakhostin Ansari N, Yazdanpanah M, Feise RJ, Fakhari Z. The validity and reliability of the

functional rating index for evaluating low back pain in athletes. Scandinavian Journal of Medicine &

Science in Sports. 2015; 25(6):840–5. https://doi.org/10.1111/sms.12447 PMID: 25809588

38. Mitsalina D, Tomoliyus T, Rahmatullah MI, Nanda FA, Ali MJAJoPE, Sport, Health, Recreation. Con-

tent Validation Instrument Rating Factors Contributing to Low Back Pain in Sports. ACTIVE: Journal of

Physical Education, Sport, Health. 2021; 10(2):83–7.

39. Farahbakhsh F, Akbari-Fakhrabadi M, Shariat A, Clel, JA, Farahbakhsh F, et al. Neck pain and low

back pain in relation to functional disability in different sport activities. Journal of Exercise Rehabilita-

tion. 2018; 14(3):509–15. https://doi.org/10.12965/jer.1836220.110 PMID: 30018941

40. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for

systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Systematic reviews.

2015; 4(1):1–9. https://doi.org/10.1186/2046-4053-4-1 PMID: 25554246

41. McKinney J, Velghe J, Fee J, Isserow S, Drezner JAJTAJoC. Defining athletes and exercisers. The

American Journal of Cardiology; 2019. p. 532–5. https://doi.org/10.1016/j.amjcard.2018.11.001 PMID:

30503799

42. Noll M, de Mendonça CR, de Souza Rosa LP, Silveira EAJNj. Determinants of eating patterns and

nutrient intake among adolescent athletes: A systematic review. Nutrition journal. 2017; 16(1):1–11.

43. Eime RM, Young JA, Harvey JT, Charity MJ, Payne WRJIjobn, activity p. A systematic review of the

psychological and social benefits of participation in sport for children and adolescents: informing devel-

opment of a conceptual model of health through sport. International journal of behavioral nutrition.

2013; 10(1):1–21. https://doi.org/10.1186/1479-5868-10-98 PMID: 23945179

44. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid AJSr. Rayyan—a web and mobile app for sys-

tematic reviews. Systematic reviews. 2016; 5(1):1–10. https://doi.org/10.1186/s13643-016-0384-4

PMID: 27919275

45. Brink Y, Louw QAJJoeicp. Clinical instruments: reliability and validity critical appraisal. Journal of eval-

uation in clinical practice. 2012; 18(6):1126–32. https://doi.org/10.1111/j.1365-2753.2011.01707.x

PMID: 21689217

PLOS ONE Instruments for assessing back pain in athletes: a systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0293333 November 3, 2023 18 / 22

https://doi.org/10.1016/j.pmn.2017.10.005
http://www.ncbi.nlm.nih.gov/pubmed/29191701
https://doi.org/10.1016/j.bjpt.2016.12.006
http://www.ncbi.nlm.nih.gov/pubmed/28442077
https://doi.org/10.1016/j.msksp.2020.102125
https://doi.org/10.1016/j.msksp.2020.102125
http://www.ncbi.nlm.nih.gov/pubmed/32217271
https://doi.org/10.3390/healthcare8040574
http://www.ncbi.nlm.nih.gov/pubmed/33561044
https://doi.org/10.1097/JSM.0b013e318249a3ce
http://www.ncbi.nlm.nih.gov/pubmed/22382433
https://doi.org/10.1111/sms.12447
http://www.ncbi.nlm.nih.gov/pubmed/25809588
https://doi.org/10.12965/jer.1836220.110
http://www.ncbi.nlm.nih.gov/pubmed/30018941
https://doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
https://doi.org/10.1016/j.amjcard.2018.11.001
http://www.ncbi.nlm.nih.gov/pubmed/30503799
https://doi.org/10.1186/1479-5868-10-98
http://www.ncbi.nlm.nih.gov/pubmed/23945179
https://doi.org/10.1186/s13643-016-0384-4
http://www.ncbi.nlm.nih.gov/pubmed/27919275
https://doi.org/10.1111/j.1365-2753.2011.01707.x
http://www.ncbi.nlm.nih.gov/pubmed/21689217
https://doi.org/10.1371/journal.pone.0293333


46. Cohen L, Kobayashi S, Simic M, Dennis S, Refshauge K, Pappas EJS, et al. Non-radiographic meth-

ods of measuring global sagittal balance: a systematic review. Scoliosis. 2017; 12(1):1–12. https://doi.

org/10.1186/s13013-017-0135-x PMID: 29026895

47. Barrett E, McCreesh K, Lewis JJMt. Reliability and validity of non-radiographic methods of thoracic

kyphosis measurement: a systematic review. Manual therapy. 2014; 19(1):10–7. https://doi.org/10.

1016/j.math.2013.09.003 PMID: 24246907

48. Sutton JH, Guin PD, Theiss SM. Acute lumbar spondylolysis in intercollegiate athletes.. Clinical Spine

Surgery. Journal of Spinal Disorders and Techniques. 2012; 25(8):422–5.
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