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Background  
Low back pain (LBP) is highly prevalent in the rowing population. The body of existing 
research variously investigates risk factors, prevention, and treatment methods. 

Purpose  
The purpose of this scoping review was to explore the breadth and depth of the LBP 
literature in rowing and to identify areas for future research. 

Study Design   
Scoping review 

Methods  
PubMed, Ebsco and ScienceDirect were searched from inception to November 1, 2020. 
Only published, peer-reviewed, primary, and secondary data pertaining to LBP in rowing 
were included for this study. Arksey and O’Malley’s framework for guided data synthesis 
was used. Reporting quality of a subsection of the data was assessed using the STROBE 
tool. 

Results  
Following the removal of duplicates and abstract screening, a set of 78 studies were 
included and divided into the following categories: epidemiology, biomechanics, 
biopsychosocial, and miscellaneous. The incidence and prevalence of LBP in rowers were 
well mapped. The biomechanical literature covered a wide range of investigations with 
limited cohesion. Significant risk factors for LBP in rowers included back pain history and 
prolonged ergometer use. 

Conclusion  
A lack of consistent definitions within the studies caused fragmentation of the literature. 
There was good evidence for prolonged ergometer use and history of LBP to constitute 
risk factors and this may assist future LBP preventative action. Methodological issues 
such as small sample size and barriers to injury reporting increased heterogeneity and 
decreased data quality. Further exploration is required to determine the mechanism of 
LBP in rowers through research with larger samples. 

INTRODUCTION 

Low back pain (LBP) is a common complaint in the general 
population all over the world and often persists beyond the 

acute stage.1,2 It is commonly associated with sedentary 
occupations and lifestyles, obesity and smoking.1 Through-
out the general population, research regarding epidemiol-
ogy of LBP has been well established.3 Physical activity has 
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been suggested to have a protective effect against LBP,4 and 
it is well documented that participation in sport has a pos-
itive effect on health in general.5 However, there is an in-
verse relationship between LBP risk in sedentary and in ac-
tive people.6 There is an absence of information regarding 
the ideal dose-effect relationship of physical activity.3 Back 
pain is common among athletes and regularly influences 
sport performance and participation.3 A consensus state-
ment published in 20217 examined the management and 
prevention of LBP in rowing. Their findings corroborated 
those in this study. 

Intense physical activity may create a greater risk of 
LBP,6 particularly in demanding sports such as rowing.8 

In New Zealand, the Accident Compensation Corporation 
(ACC) identifies the back/spine to be the most commonly 
injured area in rowing.9 The literature has covered a variety 
of different aspects of LBP, but its value is limited due to its 
heterogeneity. Epidemiological investigation has observed 
the widespread nature of the condition. Furthermore, var-
ious mechanical factors have been investigated to exam-
ine their impact on LBP in the rower and finally, a biopsy-
chosocial approach to management has tentatively been 
explored. 

A LBP definition has not been precisely determined, po-
tentially due to a lack of definition within the literature.10 

The heterogeneous data sets and wide variety of topics ex-
plored through the literature make a scoping review the 
best-suited study methodology to systematically map and 
appraise all the available literature and identify areas for 
further research. Therefore, the aim of this scoping review 
was to investigate and collate the available literature re-
garding LBP in rowing to inform athletes, coaches, and fur-
ther research. 

METHODS 

The original methodological framework for scoping reviews 
published by Arksey and O’Malley11 and amended by Levac 
et al12 along with the reporting checklist developed by 
Tricco et al13 were utilized to synthesize relevant informa-
tion available within the peer-reviewed literature. Updated 
guidance for scoping reviews was provided by Peters et al.14 

IDENTIFICATION OF THE RESEARCH QUESTION 

The current scoping review was directed by using the fol-
lowing broad research question: What is the current peer-re-
viewed literature that has examined low back pain in rowing? 

The objectives of the review were: (1) to complete a 
scoping review on the current literature available on low 
back pain (LBP) in rowing, (2) to investigate the breadth 
and depth of research regarding LBP within the rowing pop-
ulation, (3) to elucidate areas where research may be lack-
ing to inform future research, and (4) to undertake a critical 
appraisal to assess the quality of research within a clinically 
or scientifically important section of the total literature re-
viewed. 

IDENTIFICATION OF THE RELEVANT STUDIES 

The search strategy was developed by the first author with 
input from a knowledge specialist, amended by the second 
author and applied to PubMed, ScienceDirect, and Ebsco 
health database (final search: 01.11.2020). Combinations of 
the following search terms were used on each database: 
“low back pain” OR “low back injury” OR “lumbar injury” 
AND “rowing” OR “rower”. 

STUDY SELECTION 

Eligibility criteria were drafted prior to conducting the 
search, and in accordance with the process described by 
Arksey and O’Malley,11 any modifications required were ap-
plied throughout the progress of the review. The inclusion 
criteria were the following: (1) includes combinations of 
search terms within the title and/or abstract, (2) is on LBP 
in the context of the sport rowing, (3) full text available 
online, (4) no date restriction, (5) peer-reviewed published 
data. Exclusion criteria were as follows: (1) studies relating 
to similar water sports not specified to be rowing, (2) stud-
ies not relating to the region of the low back, and (3) grey 
literature. 

The selection process comprised two screening levels: 
(1) a title/abstract/keyword review and (2) full-text review. 
During the initial screen, the first author reviewed titles 
and abstracts of the identified articles. Each citation from 
the electronic bibliographic database were entered into a 
Microsoft ® Excel (version 2002) spreadsheet, screened 
through the eligibility criteria and then concluded to be ei-
ther included or excluded. Throughout this initial level of 
screening, it was clear that the search terms were not broad 
enough and were expanded from “low back pain” to include 
“low back injury” and “lumbar injury”. 

During the second level of review, the full texts of studies 
were reviewed by the first author to establish their eligi-
bility. Additionally, reference lists of included studies were 
searched manually to identify further pertinent studies 
(Figure 1). Each study picked up during the full-text review 
to meet the inclusion criteria were collated in Mendeley 
Desktop (version 1.19.4). 

Three papers identified in the search were not published 
in English. Submitting these texts to Google Translate, re-
sulted in significant translation errors and they were ex-
cluded. 

SCREENING AND AGREEMENT 

Throughout the initial screening level, studies reviewed by 
the primary author were reviewed by the second and third 
authors and a consensus as to eligibility was obtained. The 
inclusion and exclusion criteria were checked against a 
sample of the papers found through the first search (28 
papers) by the second author and ‘substantial’ agreement, 
Fleiss Kappa = 0.625,15 was found between the authors’ de-
cisions on inclusion of the subset of papers. Any discrepan-
cies were resolved with the help of the third author until a 
consensus was reached. 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews             
(PRISMA-ScR) flow diagram of the search strategy and study selection.         13  

DATA CHARTING PROCESS 

Data were extracted from the pertinent studies with the use 
of a standardized data charting form (where relevant) on 
the ensuing features: (1) Citation details, (2) sample size, 
(3) study aim, (4) results, and (5) definition given (Appen-
dix 1). 

COLLATING AND SUMMARIZING THE FINDINGS OF 
INCLUDED STUDIES 

ANALYZING THE DATA 

The remaining 78 studies were examined for similarities 
and differences once the primary author had established fa-
miliarity with the data. The papers were then categorized 
into four main themes as follows: (1) epidemiology, (2) 
biomechanics, (3) biopsychosocial, and (4) miscellaneous. 
Each theme was subsequently divided into further sub-cat-
egories (Table 1). 

DATA VALIDATION 

Agreement on study selection of the papers into the themes 
created by the primary author was attained and finalized 
through verification of 5% of the total number of articles 
(four of the total 78 papers) by the second and third au-
thors. One paper from each of the four themes was picked 
out at random for verification. Any discrepancies found 
throughout the verification process were talked through by 
the authors until a final decision was reached. 

REPORTING 

Data were analyzed by sorting the extracted data concern-
ing the research question and objective of the review. The 
results were displayed in accordance with the four themes 
and their individual categories, using an illustrative outline 
of the key findings, summarized, and displayed in table for-
mat (Appendix 1). 

CRITICAL APPRAISAL 

A total of 12 papers with primary data within the epi-
demiology category were appraised using The Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) tool.16 This tool was created to assist authors 
when producing analytical observational studies and “…to 
facilitate critical appraisal and interpretation of re-
sults”.16,17(p1) 

RESULTS 

Overall, the search yielded 1,002 studies, of which 501 were 
screened after the elimination of duplicates (Figure 1). First 
level (title and abstract) screening eliminated 414 studies. 
Thirteen further studies were eliminated during the second 
level (full text) review (Figure 1). Four additional studies 
were found to be relevant during manual searching of refer-
ence lists, resulting in a total of 78 studies included in this 
study. Included studies were allocated into one or several of 
four main themes, epidemiology, biomechanics, biopsychoso-
cial, and miscellaneous, and studies were classified to a spe-
cific category within the theme (Table 1). In five instances, 
papers were identified into two categories.18–22 
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Table 1. Overview of included studies     

Theme Category Studies 
included 
n (%)# 

Epidemiology 

Aggravating 
factors 

18 (23) 

Sex differences 8 (10) 

Incidence 17 (22) 

Prevalence 
Previous injury 
Time off for 
injury 

9 (11) 
6 (8) 
6 (8) 

Total 31 (40) 

Biomechanics 

Spinal mobility 20 (26) 

Muscle 
contribution 

20 (26) 

Pre-participation 
evaluation tool 

5 (6) 

Lower extremity 
force 

7 (9) 

Total 42 (54) 

Biopsychosocial 

Total 5 (6) 

Miscellaneous 

Opinion 
Other 

4 (5) 
2 (3) 

Total 6 (8) 

Percentages rounded to nearest whole number and total will exceed 100 due to overlap 
between categories. 

Only 21% (27) of the total papers mentioned a definition 
of either low back pain (LBP), back pain or injury (Appendix 
1). Definitions were most commonly given within the epi-
demiology category (18 of 27). 

EPIDEMIOLOGY 

Low back pain (LBP) in rowers was explored through peer-
reviewed literature and included the incidence and preva-
lence of LBP, aggravating factors, sex differences, previous 
injury, and time off training or competition. 

Incidence of LBP was reported as 1.5-3.7 per 1000 hours 
of rowing training and competition,21,23,24 and LBP preva-
lence was observed to be between 6% and 66% over 12 
months.8,21 Seventeen papers reported inci-
dence,8,20,21,24–37 the number of people developing LBP 
during one time, while nine papers reported preva-
lence,3,22,23,27,38–42 the number of people who have LBP at 
one time. Three papers employed a prospective design with 
both incidence and prevalence reported.8,21,29 

Throughout the primary data sources, many papers uti-
lized retrospective questionnaires.eg, 32,33,38 Of the 19 pa-
pers employing questionnaires, four adapted the standard-
ized Nordic Musculoskeletal Questionnaire43 with 
additional rowing-specific questions.8,27,40,41 Four papers 

used custom-made rowing-specific question-
naires.21,33,34,37 One study adapted the Rugby Injury and 
Performance Project questionnaire44 along with inter-
views.24 Ten did not specify the questionnaire uti-
lized.20,22,23,25,26,28,32,35,38,39 

The low back was reported as the most commonly in-
jured site for rowers in sixteen of the included stud-
ies.3,10,21,28,30,33,34,37,38,42,45–50 The low back injury rate 
was reported to be 53% of total injuries for rowers.41 Thus, 
many studies investigated risk factors for LBP in rowers. 

The rowing stroke requires repetitive actions that place 
an increasing load on the lumbar spine.10 Wilson et al10 

identified the most significant risk factors for LBP onset 
to be a history of lumbar spine injury and volume of er-
gometer training (Appendix 1). Stationary ergometers were 
suggested to increase the risk of LBP onset or exacerba-
tion10,21,23,24,28,32 with many papers identifying use for 
more than 30 minutes to increase risk. Trease et al29 re-
ported dynamic ergometers to be positively associated with 
a lower incidence and burden of low back injury compared 
to stationary ergometers. It must be noted here that the 
majority of studies observing prolonged ergometer use do 
not specify the type of ergometer. It may be inferred that 
for most articles, stationary ergometers are discussed as 
these are the more widely used models since their invention 
in 1981.51 In contrast, dynamic ergometers are a more re-
cent innovation being created in 2010.51 Moreover, none of 
the studies included in the present review have commented 
specifically on the effects of prolonged dynamic ergometer 
use. 

Training in winter was associated with higher rates of 
LBP development potentially due to increased volumes of 
land-based training,10,24,35 including the use of free 
weights and weight machines.28,29,32,39 Additional factors 
suggested to contribute to LBP in rowers included on-water 
rowing28,29 and long rowing sessions.23 Results regarding 
frequency of injuries by sex were inconsistent and incon-
clusive.21,27–29,33,35,37,38 

Arend et al39 identified higher LBP intensity when train-
ing between seven to 16 hours per week compared with 
lower training volumes. Additionally, Newlands et al21 

found a positive correlation between LBP and total training 
hours (on- and off-water) as well as with kilometers rowed 
per month (Appendix 1). 

Previous history of LBP was positively associated with 
further LBP episodes.8,10,21,25,26,32 O’Kane et al25 observed 
that rowers with previous back pain had a higher risk of fur-
ther episodes than rowers without. However, rowers with 
preexisting back pain had less time off training while indi-
viduals without were more likely to end their rowing career 
due to back pain.25 

Finlay et al38 observed 39.2% of their cohort reported 
more than 21 days off training or competition while Teitz 
et al32 found 72% lost one month or less due to pain. One 
paper suggested that time lost due to pain was a poor indi-
cator of injury severity as injured rowers in their study were 
able to complete a larger mean training volume than non-
injured athletes.24 High injury rates have prompted inves-
tigation of the utility of pre-participation evaluation tools 
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in individuals without pre-existing back pain without suc-
cess.21,22 

Epidemiological investigation is important in mapping 
the influence of LBP on the rowing population. Examining 
incidence and prevalence found that LBP was seen as the 
most common injury in the rowing population. Some con-
sensus has been reached regarding training volume, the use 
of the ergometer, and a history of LBP constituting risk 
factors. Exploration of sex differences and risk assessment 
tools have not yet yielded any statistically significant re-
sults. 

BIOMECHANICS 

Studies in this theme assess the movement involved in the 
rowing stroke. Sub-categories include spinal mobility, mus-
cular contribution, pre-participation evaluation tools, and 
force produced by the lower extremity. Spinal mobility as-
sesses the amount of movement accessed through the row-
ing stroke. Wilson et al47 compared lumbar spine kine-
matics when rowing on-water with ergometer rowing 
(Appendix 1). Both the ergometer and on-water rowing re-
sulted in larger ranges of sagittal lumbar flexion by the final 
round of the step test compared to a full standing flexion 
test.47 Moreover, ergometer rowing showed a greater range 
of lumbar flexion and maximum angle compared to rowing 
on-water.47 Ng et al52 observed rowers experiencing LBP 
spent more time in increased flexion in the upper lumbar 
spine during the drive phase compared with rowers without 
LBP. Lumbopelvic movement has shown varying results be-
tween studies. Due to limited study numbers, no agreement 
has been found.50,53,54 

Prolonged rowing caused greater ranges of spinal motion 
to achieve the same start and finish positions.55 Wilson et 
al46 found that as stroke rate increased, so did lumbar spine 
frontal plane angular displacement. These studies suggest 
that deterioration of technique due to fatigue may con-
tribute to LBP.55 

Muscular contribution describes muscles involved in the 
rowing stroke and assesses factors such as activation, sym-
metry between either side of the body and trunk flexor/
extensor ratios. Electromyography has been used to assess 
muscle activation in rowers and Martinez-Valdes et al56 ob-
served inefficient recruitment of erector spinae muscles in 
rowers with a previous history of LBP. Caldwell et al57 found 
that increased activity of lumbar extensor muscles (mul-
tifidus, iliocostalis lumborum, longissimus thoracis) may 
suggest muscular fatigue contributes to increased levels of 
lumbar flexion. 

Additional muscles are suggested to affect the low back. 
Shortened hamstrings are suggested to alter the hip and 
low back mechanics resulting in pain or injury, however, 
this has not been demonstrated as a significant relation-
ship.58 

The epidemiology theme did not find utility of pre-par-
ticipation evaluation tools. Clay et al49 utilized a functional 
movement screen (FMSTM) and found rowers with a higher 
risk of injury were significantly more likely to experience 
LBP during the rowing season.49 In contrast, Gonzalez et 
al59 cautioned against the use of the FMSTM to identify an 

increased risk of back pain due to the small effect and large 
variability observed in their study. Overall, these tools have 
not yet shown utility in assessing risk of injury in the row-
ing population. 

The impact of asymmetry in the stroke motion on the 
lower limb has been the focus of a small number of investi-
gations.60,61 While there was a measurable lack of symme-
try in sweep rowing,61 there has been no evidence of this 
being a causal factor for LBP.62 

In the biomechanics grouping, investigation into move-
ment of the lumbar spine has suggested increasing angles 
of flexion are achieved with increased rowing speed and 
time spent rowing. Fatigue has been suggested to con-
tribute to the deterioration of technique seen with pro-
longed rowing. Tools used to assess potential risk of LBP 
and lower extremity force have proved inconclusive. 

BIOPSYCHOSOCIAL 

Five of the 78 articles explored the biopsychosocial influ-
ence of LBP. Wilson et al63 investigated the lived experience 
and impact of LBP on rowers. A culture of injury conceal-
ment was documented, influenced by fear and isolation63 

(Appendix 1). McNally et al64 further suggested a lower rate 
of symptom reporting by rowers. Wilson et al63 discussed 
the complex condition athletes face when experiencing LBP 
and suggested that factors outside of the physical domain 
need to be addressed. 

Ng et al18 utilized an individualized cognitive functional 
approach with adolescent rowers compared to a control 
group. Participants undergoing the cognitive functional ap-
proach had larger reductions in pain during ergometer row-
ing and reduced disability.18 Similarly, Thorpe et al65 

demonstrated a 24% (pre-post-season) decrease in LBP fol-
lowing a back pain education session. 

These papers observed some positive influence when 
considering a biopsychosocial approach to LBP in rowers. 
Although limited in number, these papers provided infor-
mation on the use of back pain education and additional 
support required for athletes experiencing LBP. 

MISCELLANEOUS 

A final small set of six studies were found to satisfy the 
inclusion criteria but did not fit the above categories and 
these were grouped under the miscellaneous heading. For 
example, Smoljanovic et al,66 described adaptive rowing at 
the Paralympic level advocating for an increase in racing 
distance. Injuries to adaptive rowers including the low back 
region are briefly mentioned, however, this is not the focus 
and there is no elaboration on LBP.66 

Further although peer-reviewed, four of the six papers 
were identified as promotional pieces or using relatively 
older dataeg 67–69 and do not add to the present review. 

CRITICAL APPRAISAL 

The ‘aggravating factors’ grouping within the epidemiology 
category was chosen for appraisal as this category may pro-
vide the greatest value to rowers and coaches when assess-
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ing preventative measures for LBP that may be considered. 
Using The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) tool, it was found that 
the abstracts and introductions of the papers provided rel-
evant information (Table 2). Details of study characteristics 
and boundaries (such as participants, variables, measure-
ment, and study size) were described including diagnostic 
criteria in the methods sections of the appraised studies. 
Results were commonly missing some of the STROBE rec-
ommended items although provided accurate information 
regarding participants, descriptive data, and outcomes of 
the study. Finally, the majority of information required by 
the STROBE process in the discussions was present, how-
ever, some did not discuss generalizability of the results 
(Table 2). 

Eight STROBE items were missing in two-thirds of pa-
pers. These included representation of missing data and as-
pects of statistical analyses such as relative risk estimate 
and sensitivity analyses. None of the papers met all 22+ cri-
teria. 

DISCUSSION 

The purpose of this study was to systematically map and 
investigate the currently available literature relating to low 
back pain (LBP) in rowing to inform athletes and coaches, 
and to identify gaps for future research. 

In the general population, LBP has been associated with 
poor health, heavy physical work, obesity, smoking and low 
socioeconomic status.70 Athletes may, at first sight, be un-
likely to be affected by these factors. However, athletes may 
be impacted by stress, anxiety, fatigue and reduced sleep 
and mood,71,72 factors that have been associated with in-
creased risk of LBP. Furthermore, exercise and LBP have 
been expressed as a U-shaped curve where exercise reduces 
risk while simultaneously, high levels of physical activity 
can predispose to LBP.73 Elite athletes in one study were 
shown to have a higher prevalence of back pain in compar-
ison with a physically active control group.27 Elite athletes 
may undergo a higher level of stress on the musculoskele-
tal system which may account for a higher back pain preva-
lence.27 Elite rowers were well represented as participants 
in the research reviewed in this study (23 of the 78 papers). 

Many risk factors for LBP were identified, most notably, 
prolonged ergometer use and previous back pain history. 
Prevention may be a significant factor in avoiding the first 
back pain episode to decrease the chance of future LBP.74,75 

Prevention has been investigated through the use of pre-
participation evaluation tools, however, these have not yet 
shown utility in rowers. Prolonged ergometer use (partic-
ularly for more than 30 minutes) has been identified 
throughout the literature as a risk factor for LBP in row-
ers.7,10,21,23,24,28,32 The statement “prolonged ergometer 
use” has not been clarified further in the literature as to 
whether this pertains to stationary ergometer rowing or dy-
namic ergometer rowing, it may be useful in future to clar-
ify this. This risk may be interpreted through biomechan-
ical analysis of rowing technique on- and off-water, where 
it has been observed that technique seems to deteriorate 

with prolonged ergometer use and rowing at higher-inten-
sities.46,50,53,55 During on-water rowing, the rower is re-
quired to maintain balance, through activation of hip and 
trunk flexors, particularly during the recovery phase to cre-
ate a smooth stroke.76 Balance is not required in the same 
way while using the stationary ergometer as it would be 
when rowing on water which means the sensory feedback is 
also altered. This has been observed through the literature 
where some studies have shown that increasing angles of 
lumbar spine flexion may be the result of fatigue. Prolonged 
ergometer use and back pain history were the only signifi-
cant risk factors agreed upon within the literature. Further-
more, many of the studies assessing rowing technique ob-
served the rower while on the ergometer10 and results may 
not generalize to on-water rowing. 

The present study found that a LBP definition was not 
well established, in line with previous studies.10 The terms 
low back injury and low back pain were used interchange-
ably by many authors.35,38,39,41 The authors of the Global 
Burden of LBP define LBP as “pain in the area on the poste-
rior aspect of the body from the lower margin of the twelfth 
ribs to the lower gluteal folds with or without pain referred 
into one or both lower limbs that lasts for at least one 
day”.77(p968) In total, only 21% (27) of the papers included 
in the present review mentioned a definition of either LBP, 
back pain or injury (Appendix 1). Definitions were most 
commonly given in the epidemiology category (18 of 27). 
This has been reflected in the critical appraisal as 11 of the 
12 papers appraised reported a definition (Table 2). With-
out effective defining of terms within the study or in us-
ing incompatible definitions, a comparison between stud-
ies is difficult to make. It has also been observed that a lack 
of common definition may affect prevalence data.3 Further-
more, this decreases the ability to build a literature base 
that adds evidence to create clarity and consistency of find-
ings. Future research should include definitions of signif-
icant terms such as LBP to provide understanding for the 
readers as well as for quality reporting. 

The literature within the present study contained many 
limitations concerning methods employed. These issues in-
clude low injury reporting, minimal prospective studies, 
low participant numbers and a lack of randomized con-
trolled trials (RCTs). 

With regard to low injury reporting, prevalence has been 
well mapped to highlight the widespread nature of LBP, 
however, the figures produced may vary considering the 
lack of reliable injury reporting mentioned in some pa-
pers.63,64 Decreased injury reporting was referenced in a 
2020 systematic review of athletes stating that some may 
be reluctant to highlight their condition due to fear of 
repercussions.75 Some papers are calling for a more com-
prehensive view of pain management.71 This has been ex-
plored within the studies included in the biopsychosocial 
category of the present study. Specifically, these studies 
bring to light the importance of understanding and sup-
porting the athlete by people around them. However, family 
and other people in an athlete’s circle may directly or in-
directly pressure the athlete to ignore, not report pain or 
treat an injury with short-term remedies that may create 
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Table 2. Critical Appraisal of ‘aggravating factors’ in the Epidemiology Category using the STROBE tool            16  

References 39 35 38 8 23 34 37 33 28 32 29 24 

Item No. Total 

1a. Title 0 0 1 1 1 1 1 1 0 1 0 1 67% 

1b. Abstract 1 1 1 1 1 1 1 1 1 1 1 1 100% 

2. Background 1 1 1 1 1 1 1 1 1 1 1 1 100% 

3. Objectives 1 1 1 1 1 1 1 1 1 0 1 1 92% 

4. Study design 1 1 1 1 1 1 1 1 1 1 1 1 100% 

5. Setting 1 1 1 0 1 1 1 1 1 1 1 1 92% 

6a. Participant's eligibility 1 1 1 1 1 1 1 1 1 1 1 1 100% 

6b. Matched studies n/a n/a n/a 1 n/a n/a n/a n/a n/a n/a n/a n/a 8% 

7. Variables 1 1 1 1 1 0 1 1 1 1 1 1 92% 

8. Data sources 0 1 1 1 0 1 1 0 1 1 1 1 75% 

9. Bias 0 0 1 0 1 0 0 0 0 0 0 0 17% 

10. Study size 1 0 1 1 1 1 1 1 1 1 1 1 92% 

11. Quantitative variables 0 1 1 1 1 1 1 1 1 1 1 1 92% 

12a. Statistical methods 1 1 1 1 1 1 1 1 1 1 1 1 100% 

12b. Examining subgroups 1 0 1 1 1 1 1 1 0 1 1 0 75% 

12c. Missing data 0 0 0 0 0 0 0 0 0 0 0 0 0% 

12d. Analytical methods 0 1 1 1 1 1 1 1 0 0 1 0 67% 

12e. Sensitivity analyses 0 0 0 0 0 0 0 0 0 0 0 0 0% 

13a. Participants 1 1 1 1 1 1 1 1 1 1 1 1 100% 

13b. Non-participation 0 0 0 0 0 0 0 0 0 0 0 0 0% 

13c. Use of flow diagram 0 0 0 0 0 0 0 0 0 0 0 0 0% 

14a. Descriptive data 1 1 1 1 1 1 1 1 1 1 1 1 100% 

14b. Missing data 0 0 0 1 0 0 0 0 0 1 0 0 17% 

14c. Follow-up n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

15. Outcome data 1 1 1 1 1 1 1 1 1 1 1 1 100% 

16a. Main results 1 1 1 1 1 1 1 1 0 1 1 1 92% 

16b. Category boundaries 1 1 1 1 1 1 1 1 0 1 1 1 92% 

16c. Relative risk 0 0 0 0 0 0 0 0 0 0 1 0 8% 

17. Other analyses 0 0 0 0 1 0 0 0 0 0 0 0 8% 

18. Key results 1 1 1 1 1 1 1 1 1 1 1 1 100% 
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19. Limitations 1 1 1 1 1 1 1 1 0 0 1 1 83% 

20. Interpretation 1 1 1 1 1 1 1 1 1 1 1 1 100% 

21. Generalizability 1 0 1 1 1 1 0 1 0 0 1 1 67% 

22. Funding 1 1 1 0 1 0 1 0 0 0 1 0 50% 

 

A value of 1 in this table indicates meeting the criterion whereas 0 indicates not meeting the criterion. Percentages represent the number of papers that met the criteria and are rounded to the nearest whole number. 
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long term negative consequences so that they can continue 
their sport.71,78 There seems to be a broad sporting culture 
that promotes playing through pain and injury and lessen 
its significance.79 This may create future episodes of back 
pain for the athlete. This culture of concealment seems 
to be common throughout many sporting disciplines75 and 
breaking this down may help to allow athletes to disclose 
pain earlier resulting in prompt rehabilitation and poten-
tially less time taken off training and competition.63 Wilson 
et al63 recommended education for athletes, coaches and 
medical staff around appreciating the complexity of LBP, 
the significance of early disclosure, and the negative effect 
of concealment. Removing the stigma would allow athletes 
to disclose LBP which would additionally produce more ac-
curate research data. Moreover, generating further prospec-
tive studies may produce more useful results. 

A retrospective design was common in the epidemio-
logical category (18 papers)20,22,23,25–28,30,32–41 with only 
four papers adopting a prospective design.8,21,24,29 Recall 
bias may have been an impact for study participants in re-
membering previous episodes of back pain and the factors 
associated with it.80 One study discusses their retrospec-
tive cross-sectional design as “a survey of the survivors” 
whereby only the athletes who continued their sport have 
been surveyed and others who may have left were not ac-
cessible, therefore, introducing bias.41(p452) This is a con-
sideration for the remaining retrospective papers as to 
whether they have included rowers who left the sport. 
Prospectively designed papers with adequate sample sizes 
are needed to accurately survey risk factors for LBP.10,40 

The epidemiological category has provided some conclu-
sions when considering risk factors for LBP on the rower. 
However, conclusions are difficult to make from the biome-
chanical category due to a lack of cohesiveness and smaller 
study sizes. Increasing study sizes and using repeat meth-
ods will help to allow a more confident conclusion as to the 
effect of factors such as stroke rate, optimal lumbopelvic 
position and muscular activation. Additionally, for the re-
sults set of the present study, only one RCT was included.18 

Conducting more RCTs would increase the understanding 
of and confidence in this literature. Further, critical ap-
praisal of (a subset of) the literature can work to increase 
confidence in the findings to date. 

For the present study, the subset of articles investigating 
aggravating factors was assessed against the STROBE tool 
to advance critical analysis of current knowledge of LBP in 
rowing. This subsection of data was chosen as it contained 
the most cohesive information and, therefore, conclusions 
have been easier to draw. The critical appraisal revealed 
significant strengths in reporting quality with some gaps 
around thorough reporting within the results. When read 
critically, the appraised literature is informative in provid-
ing epidemiological data. Researchers can view this subsec-
tion of data to highlight gaps in the literature such as a lack 
of definition. Additionally, this section of data highlights 
risk factors such as prolonged ergometer use and history of 
LBP that may be useful to coaches and athletes in thinking 
about LBP prevention. 

Injury prevention is an important aspect of LBP in row-
ing. A six-staged process developed by Finch81,82 called 
The Translating Research into Injury Prevention Practice 
(TRIPP) has been developed whereby injury surveillance 
leads to implementation of preventative measures. Due to 
the methodological issues described earlier, this study may 
not inform injury surveillance in the first step of the TRIPP 
model.81,82 However, this scoping review may work to in-
form subsequent studies in highlighting areas for further 
investigation. 

A 2021 consensus statement corroborated the findings of 
this study. That is risk factors such as a history of LBP and 
ergometer use (longer than 30 minutes) were highlighted 
similar to the present findings.7 Furthermore, the contrib-
utors to the consensus statement recognized the need for 
increased research in this area.7 Although methodologi-
cally less rigorous than the present scoping review, the con-
sensus statement provided pertinent information regarding 
management of LBP in rowers that is in line with the pre-
sent review and the quality appraisal contained herein and 
may be useful for rowers, coaches and health practitioners.7 

STRENGTHS 

This study highlights the importance of prevention of the 
first LBP episode for athletes and coaches. Prolonged er-
gometer use should be approached with caution as it was 
the most commonly agreed upon risk factor. The rigorous 
methods used in this study including the use of a critical 
appraisal create increased confidence in the conclusions 
found. 

WEAKNESSES 

Underreporting by rowers and retrospectively designed 
studies may result in imprecise epidemiological findings 
and affect the validity of the study outcomes. Use of a 
strong definition such as that by the Global Burden of Dis-
ease77 would strengthen the data. There is a need to con-
sider ways to decrease emotional and physical stress on 
athletes and break down the culture of concealment with 
regard to injury reporting. 

STUDY LIMITATIONS 

Undertaking a larger critical appraisal to assess the report-
ing quality of all of the included papers would have given 
greater weight to the findings of the study. 

CONCLUSION 

This scoping review identified a body of literature that 
showed good quality epidemiological information to docu-
ment the widespread effect of LBP on rowers. Many risk fac-
tors were highlighted, most significantly, back pain history 
and prolonged ergometer use. Issues of method within the 
literature were present including, a lack of LBP definition, 
issues with injury reporting, and small sample sizes. Av-
enues of investigation within the literature covered a range 
of topics e.g., spinal mobility, muscular contribution, pre-
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participation evaluation tools, lower extremity force, and 
biopsychosocial effect. These showed some promise, how-
ever, need further investigation. The widespread prevalence 
of LBP in rowers observed in this study shows the signifi-
cance of the injury on this population. Previous back pain 
history and prolonged ergometer use have been recognized 
to be significant risk factors. Future research should in-
clude LBP definitions and ideally be undertaken prospec-
tively. This would help to support coaches and athletes to 
consider ways to prevent LBP, increase injury reporting and 
early rehabilitation for rowers. 
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