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Preface 

Low back pain (LBP) is a common problem across the world in both non-athletic and athletic 

populations. Rowing training involves long training hours and high stress placed on the 

musculoskeletal system. Within rowing, LBP is suggested to be the most common injury.  

 

The purpose of this thesis is to map the extent of literature that has examined LBP in the context 

of the sport of rowing. This information may be useful to inform athletes, coaches, health 

practitioners, and researchers. This thesis aims to collate this information for the first time and to 

contribute to the understanding of the causes and effects of LBP on rowers, as well as illuminate 

areas that may be topics for future research. 

 

This thesis is presented in the following format. Section one includes a review of the literature 

where the global effect of LBP between non-athletic and athletic populations is outlined. A 

thorough examination of the aspects of rowing is described including the rowing stroke, training 

methods, and relevant biomechanics. These explanations help to illuminate possible risk factors 

for LBP in rowing. Following this, injury prevention theories and the presence and absence of LBP 

definitions within the literature are explored. This section concludes with an investigation into the 

varying methodologies guiding the current literature.  

  

Section two contains an outline of the methodology and methods of this study. This section begins 

with an explanation of the scoping review methodology then follows with a comparison between 

systematic and scoping reviews. Critical appraisal is then outlined and explored. Finally, the 

procedural framework is described in the context of how the present scoping review was 

conducted. A scoping review protocol was created and registered on the open science framework 

and can also be viewed following the methods. 

 

Section three contains a manuscript of the present study formatted for submission to the Journal 

of Orthopaedic and Sports Physical Therapy. This section follows United States spelling as per the 

journal’s guidelines. This manuscript provides details of the results of the scoping review including 

a thorough exploration of the four key themes that emerged from the literature.  
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The final section of this thesis contains all appended resources including evidence of ethical 

approval exemption, details of the search strategy and interrater agreement score.  
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Section 1: Literature review 
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Introduction to literature 

This review considers literature related to low back pain (LBP) in the sport of rowing. The 

present section provides an explanation of rowing training methods as well as characteristics of 

the sport, for example, the mechanism of the rowing stroke and equipment used. Additionally, 

topics within the literature reviewed for this section of the thesis are explored such as 

biomechanics, kinematics, and prevalence of LBP. When investigating LBP in the context of 

rowing, it is important to provide relevant background information relating to the burden of LBP 

and explore factors within the sport that may increase LBP risk. Finally, methodologies of the 

currently available literature pertaining to LBP in rowing are considered. 

Low back pain is a global problem, affecting people of all ages and socioeconomic 

groups (Hoy et al., 2014). Many factors have been identified which may increase an individual’s 

risk of suffering from LBP. Being overweight, having a sedentary lifestyle and smoking are often 

cited as risk factors (Vos et al., 2017). Low back pain associated with these can result in time off 

work or disability, therefore, creating both a personal and economic burden (National Health 

Committee, 2015).  

 

Socioeconomic burden of musculoskeletal injuries 

Musculoskeletal conditions are widely seen throughout all ages and across all socio-

demographic groups (Institute for Health Metrics and Evaluation, 2018). Between 1990 and 2010, 

there has been an approximate 45% rise in disability due to musculoskeletal conditions globally 

(Vos et al., 2017). This number was estimated to increase further due to rising incidence of obesity, 

sedentary lifestyle and the ageing population (Storhiem & Zwary, 2014). The low back is a leading 

contributor to musculoskeletal disability (Vos et al., 2017). The recent 2017 Global Burden of 
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Disease report showed that LBP has remained the number one cause of disability since 1990 

(Institute for Health Metrics and Evaluation, 2018).  

Throughout the majority of high and middle-income countries, LBP is the leading cause of 

disability when averaged for age variation (Vos et al., 2017; Wu et al., 2020). Additionally, the 

2017 Global Burden of Disease report showed a 7.5% prevalence of LBP across the global 

population, equating to 577.0 million people (Wu et al., 2020). This number had increased from 

377.5 million in 1990 (Wu et al., 2020). Across most of the Western World, LBP shows a major 

negative causative effect on activity restriction and leave from work (National Health Committee, 

2015). A high economic burden is apparent in many levels of society starting with individuals, 

through to communities, and eventually governments (National Health Committee, 2015). In New 

Zealand, costs associated with LBP covered by the public health systems equate to $325 million 

per year (National Health Committee, 2015). Low back pain, as the most common type of back 

pain, imposes the greatest burden on health and finance for the New Zealand health and disability 

sector (National Health Committee, 2015).  

Factors commonly associated with increasing risk of LBP include sedentary occupations, 

obesity, smoking and low socioeconomic status (Vos et al., 2017). Additionally, suggestions have 

been made as to the protective effect that physical activity may have on LBP (National Health 

Committee, 2015). However, an inverse relationship has been identified between the risk of LBP 

in sedentary and in active people (Heuch et al., 2016; Teitz et al., 2003; Trompeter et al., 2017). 

Although this relationship is not well defined, it is thought that low to moderate physical activity 

may reduce risk of LBP, while intense physical activity may create a higher risk of LBP (Heuch 

et al., 2016). This relationship may play a role particularly in strenuous sports such as rowing (Foss 

et al., 2012). 
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Low back pain in sport 

Elite athletes participate in large amounts of physical activity and, therefore, may have an 

increased risk of developing back pain. The degree of strain placed on the athlete will vary 

depending on the type of sport and intensity, duration and frequency of training (Trompeter et al., 

2017). In one systematic review, the low back was the region found to have the highest prevalence 

of pain throughout a range of sports (Trompeter et al., 2017). For example, when viewing cyclists, 

it was observed that the prolonged flexed posture may cause strain to the lumbar spine resulting in 

LBP (Marsden & Schwellnus, 2010). A wide range of sporting disciplines have been described to 

result in LBP, however, comparison is difficult due to varying study methodologies, definitions of 

LBP, and reporting styles of studies (Wilson et al., 2021). 

 

Low back pain in rowing  

Wilson et al. (2014) suggests the incidence of LBP in rowers is likely higher than that of 

the general population. Injuries to the low back can be specific such as spondylolysis, disc 

herniation or sacroiliac joint dysfunction, however, they may also present with nonspecific LBP 

(Rumball et al., 2005). Within rowing, LBP is said to be the most common injury (Newlands et 

al., 2015; Smoljanovic et al., 2009; Thornton et al., 2017; Treloar et al., 2021; Wilson et al., 2014) 

and is variously reported to account for anywhere between 2 to 53% of all rowing injuries 

(Arumugam et al., 2020; Smoljanovic et al., 2015; Thornton et al., 2017). In New Zealand, injury 

to the back or spine comprises the highest proportion of rowing injuries (Accident Compensation 

Corporation, 2020). From data obtained from the Accident Compensation Corporation (ACC) New 

Zealand, the greatest proportions of rowing-related injuries were in the 15 – 19 age range and these 

numbers were at least double that of any other age group (2020). Some studies suggest that 32 to 
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53% of rowers of all ages will experience rowing-related LBP over a 12-month period (e.g., 

Newlands et al., 2015; Thornton et al., 2017).  

As a non-contact sport, injuries sustained in rowing are predominantly related to overuse 

rather than acute episodes (Hosea & Hannafin, 2012; Smoljanovic et al., 2009; Wilson et al., 2010). 

In one study, as many as 73.8% of the injuries reported by rowers participating at the Junior World 

Rowing Championships in 2007 were overuse related (Smoljanovic et al., 2009). Moreover, when 

compared to other non-contact sports with similar training to competing ratios, rowing has a 

relatively high injury rate (Wilson et al., 2010). 

 

History and parameters of rowing  

Rowing is popular worldwide, becoming a common competitive sport following the first 

university Oxford-Cambridge boat race in 1829 (Seiler, 2006). Additionally, rowing was one of 

the founding modern Olympic events (Thornton et al., 2017), entering the Games in 1900 and 

women began participating in 1976 (McNally et al., 2005). The sport is popular among all age 

groups from school age to masters (i.e., athletes over 27 years of age) (McNally et al., 2005). When 

competing in regattas, rowers are separated by age, weight and ability classes (Thornton et al., 

2017). A highly inclusive sport, rowing has seen large growth in masters and para-rowing 

populations (Thornton et al., 2017), with masters rowers of up to 80 years of age having competed 

in regattas (McNally et al., 2005). Rowing may appeal to the older athlete due to the endurance 

challenges without the necessity for sudden acceleration or high impact joint loading in the lower 

limb that may typically be seen in other sports, such as running (McNally et al., 2005).  
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Rowing is subdivided into sculling and sweeping. In sculling, each athlete has two oars or 

“blades” and boats come in single, double and quadruple sculls (Hosea & Hannafin, 2012; 

Thornton et al., 2017). Sweeping involves each athlete with one larger oar, fixed within a rigger 

to one side of the boat, moving in a rotated arch either left or right (Hosea & Hannafin, 2012; 

Thornton et al., 2017). Sweeping boats come in a pair, four or eight (Hosea & Hannafin, 2012; 

Thornton et al., 2017). 

 

The rowing stroke 

When both training and competing, rowers repeat the same movement called the rowing 

stroke. Thornton et al. (2017) and Rumball et al. (2005) describe the rowing stroke as repeatedly 

moving through two phases, “drive” and “recovery”. The drive begins at the “catch” where the 

rower’s legs and trunk are fully flexed, and the arms are fully extended. The oar then enters the 

water and force is exerted through knee extension onto the foot stretchers (Rumball et al., 2005; 

Thornton et al., 2017). Contraction of gluteal muscles helps to extend the trunk toward the end of 

the drive (Rumball et al., 2005; Thornton et al., 2017). The oar handle is then pulled into the body 

by simultaneous extension of the shoulder and flexion of the elbow, which completes the drive 

(Rumball et al., 2005; Thornton et al., 2017). The rower is now at the “finish” and the oar is 

removed from the water and “feathered” (rotated parallel to the water). This begins the recovery 

phase (Rumball et al., 2005; Thornton et al., 2017). The rower moves back up to the catch in the 

reverse order, firstly with the arms, then the trunk and finally the legs (Rumball et al., 2005; 

Thornton et al., 2017). They then arrive at the catch to begin the next stroke (Rumball et al., 2005; 

Thornton et al., 2017).  
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The mechanism of the rowing stroke, as well as a high training intensity have been 

variously cited in the literature as risk factors for LBP (e.g., Wilson et al., 2010, 2014). Multiple 

studies have explored the significance of pelvic rotation around both the hips and spine into 

anterior rotation to decrease lumbar flexion at the “catch” (Buckeridge et al., 2012; Bull & 

McGregor, 2000; Holt et al., 2003; McGregor et al., 2002). Moreover, pelvic rotation into a 

posterior position is suggested to decrease hyperextension in the lumbar spine at the “finish” 

position (Buckeridge et al., 2012; Bull & McGregor, 2000; Holt et al., 2003; McGregor et al., 

2002). Prolonged rowing is commonly identified to deteriorate technique and result in greater 

amounts of lumbar spine flexion (Holt et al., 2003). 

 

Training 

Both competitive and recreational rowers experience high training volumes (Rumball et 

al., 2005). A typical club athlete’s training schedule can range from between six to nine training 

sessions a week with each session lasting one to two hours (McNally et al., 2005). International 

athletes, training full-time, often have three sessions a day (Wilson et al., 2010). Training loads 

have been increasing over the last 150 years and this has created fitter rowers and faster races 

(Seiler, 2006). Rowing training includes a combination of water and land exercises that change 

across the year in accordance with the seasons (Wilson et al., 2014). Land-based exercise is carried 

out to help keep up endurance levels and increase strength, particularly when conditions do not 

suit on-water rowing (Wilson et al., 2010). For example, weight training is commonly employed 

to increase maximal strength and strength endurance, while body weight circuits and running build 

aerobic fitness and cardiovascular health (McNally et al., 2005).  
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It has been suggested that early specialisation of individuals into sport may increase risk 

of overuse injuries, potentially due to musculoskeletal and physiologic immaturity, and higher 

training volumes (Feeley et al., 2016). In a growing young athlete, ossification of the skeleton may 

be incomplete, therefore, when large stresses are exerted on the immature skeleton, it may result 

in injury (Merkel & Molony, 2012). Swindell et al. (2019) reported athlete age specialisation in 

rowing to be around 15.2  3.17 years old. Similarly, one study observed age specialisation in 

rowing to be later than many other sports with an average age 15 years old (Ahlquist et al., 2020). 

It was suggested that those participating in team sports such as rowing, specialised at a later stage 

than those participating in individual sports (Swindell et al., 2019). Rowing New Zealand (2019) 

recommends rowers under 15 to undertake a weekly total of three to five training sessions, while 

those under 16 are recommended four to six sessions. Further, rowers under 17 are recommended 

seven to eight sessions per week and under 18’s are recommended eight to ten sessions (Rowing 

New Zealand, 2019). There is no mention how long the sessions should last, however, they are 

broken down into approximately half training time spent on-water and half undergoing strength 

and cross training (Rowing New Zealand, 2019). 

When not training on-water, rowers commonly incorporate the ergometer to simulate the 

rowing stroke on land (Rumball et al., 2005). Additionally, ergometers are commonly used for 

team selection and performance monitoring (Wilson et al., 2010). There are two types of 

ergometers, stationary and dynamic. Stationary ergometers are the most common, however, they 

produce a different biomechanical pattern than that seen in on-water rowing (Wilson et al., 2010). 

Although less commonly utilised, dynamic ergometers mimic the movement of the boat by 

allowing movement of the foot stretchers, unlike static ergometers which keep the foot stretchers 

fixed (Thornton et al., 2017). Training sessions on the ergometer may be short repeated intervals 
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or endurance sessions that may last up to an hour (McNally et al., 2005). Use of the static ergometer 

for extended periods (more than 30 minutes) is suggested to induce LBP (Thornton et al., 2017; 

Wilson et al., 2010). The dynamic ergometer has not been investigated as frequently, possibly due 

to less common use of this machine. 

 

Evolution in rowing equipment 

The inception of rowing was over 150 years ago; therefore, the equipment and rowing 

stroke have undergone many changes. Rowers are evolving to increase their performance and 

physical capacity; this can be viewed in the ten-fold increase in training loads that has occurred 

over the past 150 years (Seiler, 2006). Further advancements are owed to the refinement of the 

rowing technique, decreased boat drag, and enhanced oar efficiency (Seiler, 2006). These have 

resulted in a 25-30% increase in average velocity seen throughout competitive rowing over the last 

150 years (Seiler, 2006). Rowing oars have undergone many developments over the years to 

increase performance (Seiler, 2006). While the first oars in 1847 were square and made of wood, 

the current ‘hatchet’ oars are made from an ultra-light carbon fibre shaft (Seiler, 2006). These 

modern oars offer increased purchase so the rowers can generate greater force (Wilson et al., 2014), 

and have resulted in a three percent increase in hydrodynamic efficiency (Seiler, 2006). However, 

one study identified the use of the hatchet-style oar as increasing LBP risk for collegiate rowers 

(Teitz et al., 2002).  

 

Biomechanics 

High training volumes combined with the cyclical movement pattern of the rowing stroke, 

mean forces exerted on the athlete are repeated hundreds of times during a typical training session 
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(Wilson et al., 2014). During rowing, large forces are generated, and loading occurs at several 

specific points on the rower’s body, such as the low back (Wilson et al., 2014). This combination 

of factors places the rower at increased risk of injury (Wilson et al., 2014). A biomechanical study 

using cadavers (i.e., fresh human lumbosacral spines) investigated the effect of cyclic loading of 

the lumbar spine and observed an increased fatigue failure rate of spinal tissues when flexed 

(Gallagher et al., 2005). This study demonstrated that increasing angles of flexion increased the 

speed at which the tissues fail due to fatigue (Gallagher et al., 2005). This suggests that a change 

in loading of tissues, such as repetitive flexion, may result in damage (Gallagher et al., 2005). The 

biomechanics of the rowing stroke are complex with many variables that may contribute to pain 

or injury (Wilson et al., 2014).  

 

Risk factors 

Low back pain in rowing is suggested in the majority of cases to be chronic and positively 

correlated with biomechanics and training volume (Thornton et al., 2017; Wilson et al., 2010). The 

largest risk factor is thought to be a rapid increase in training frequency, volume and/or intensity 

(Newlands et al., 2015; Thornton et al., 2017; Wilson et al., 2021a). Additional risk factors 

identified have been a previous history of LBP (Newlands et al., 2015; Teitz et al., 2003; Wilson 

et al., 2021a), amount of years participating in the sport, and competition with deficient load 

management (Wilson et al., 2021a). Inadequate rowing biomechanics have been suggested to be a 

risk factor for LBP (Buckeridge et al., 2012; Martinez-Valdes et al., 2019; Parkin et al., 2001), 

with Trompeter et al. (2017) highlighting the repetitive motions such as forward flexion of the 

trunk during rowing to be provocative for LBP. 
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Factors that are associated with increasing injury risk during on-water rowing may also be 

compounded by aspects of land-based training. Compared to on-water rowing, which has been 

reported to place a low ballistic force on the lower limb, land-based training often incorporates 

weight training and running which increase joint loading and stress on the musculoskeletal system 

(McNally et al., 2005). Injury incidence appears to increase throughout the winter months, likely 

as a result of the increased amount of land-based training (Bernardes et al., 2015; Wilson et al., 

2010, 2014). Land-based training commonly involves the use of the static ergometer. Observations 

made during ergometer use suggest that biomechanical joint loading may differ between on-water 

and ergometer rowing (Wilson et al., 2013). Use of the static ergometer for longer than 30 minutes, 

at one time, has been suggested by many to increase risk of LBP (Newlands et al., 2015; Ng et al., 

2014; Socratis et al., 2013; Teitz et al., 2002; Wilson et al., 2010, 2014).  

On the other hand, ergometer use has aided researchers in investigating the effect of 

biomechanical joint loading during a simulated rowing stroke. The ergometer is commonly 

employed due to the challenges faced when attempting to evaluate the rowing stroke during on-

water rowing (Wilson et al., 2014). The biomechanics of the rowing stroke continually load the 

lumbar spine in a flexed and sometimes rotated position (Morris et al., 2000; Wilson et al., 2010, 

2014). Combining this with the high compressive and shear forces, has been identified as 

increasing risk of injury or pain (Morris et al., 2000; Wilson et al., 2010, 2014). With increased 

duration and intensity of rowing, both on-water and using the ergometer, muscles fatigue and the 

cardiovascular system tires, resulting in deterioration of technique, which may change the load 

placed on joints and cause pain (Wilson et al., 2014). 
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Kinematics 

Kinematics focused research aims to explain and identify how the rower’s body moves 

during the rowing stroke and where forces are distributed throughout this movement. This area of 

research investigates the influence of rowing kinematics on injury prevention and improving 

rowing performance (Holt et al., 2003; Martinez-Valdes et al., 2019; Ng et al., 2015a). Studies 

investigating kinematics primarily observe the rower while using the ergometer (Holt et al., 2003; 

Ng et al., 2015a; Wilson et al., 2013). Some authors have suggested specific kinematic patterns 

during ergometer use to be provocative of LBP in rowers (Ng et al., 2015a; Wilson et al., 2012, 

2014). Additionally, deterioration of the ideal rowing stroke during continuous rowing has been 

highlighted and suggested to be a result of fatigue (Holt et al., 2003; Wilson et al., 2014). Wilson 

et al. (2014) mentioned the difficulty when attempting to examine kinematics with on-water 

rowing. Completing on-water studies may increase understanding of how the lumbar spine acts 

when imposed upon by forces in the boat (Wilson et al., 2014). Kinematic data has been collected 

within the rowing literature during ergometer rowing with use of the electromagnetic Flock of 

Birds (FOB) motion capture system (Buckeridge et al., 2012, 2016; Holt et al., 2003; McGregor 

et al., 2004, 2005), as well as the 3-Space Fastrak system (Burnett et al., 2008; Cañeiro et al., 2013; 

Ng et al., 2015a; Ng et al., 2015b; Strahan et al., 2011).  

The FOB electromagnetic device measures spinal motion through sensors fixed to the skin 

over anatomical landmarks (Buckeridge et al., 2016). Placing may vary between studies, however, 

in a study by Buckeridge et al. (2016) sensors were placed over the thoraco-lumbar junction, the 

lumbo-sacral junction, halfway down the outside aspect of the thigh and halfway down the front 

of the shin. These sensors allow for a recorded three-dimensional position and orientation of the 

rower’s body (Buckeridge et al., 2016). Additionally in this study, force data was taken from the 
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ergometer handle, seat and bilaterally from the foot-stretchers (Buckeridge et al., 2016). These 

devices allow for investigation of lumbopelvic rhythm and force production throughout the rowing 

stroke (Buckeridge et al., 2016; McGregor et al., 2004). Similar to the FOB device, the 3-Space 

Fastrak system collects three-dimensional lumbar angles in the sagittal plane (Ng et al., 2015a). In 

a study by Ng et al. (2015a) sensors were placed on the skin over the spinous process of T12, L3, 

and the spinous tubercle over S2 to assess movement at the lower and upper lumbar angles.  

A recent systematic review of kinematic studies by Nugent at al. (2021) found that many 

of the included studies identified the effect of fatigue during prolonged and increased intensity 

rowing (Holt et al., 2003; McGregor et al., 2004, 2005; Wilson et al., 2012, 2013). Fatigue resulted 

in increased movement in both the frontal (Wilson et al., 2012) and sagittal plane (Holt et al., 2003; 

McGregor et al., 2004, 2005; Wilson et al., 2013). A common confusion within the literature is the 

inappropriate referring to kinematics when the more accurate term would be biomechanics. To be 

precise, kinematics represents just one aspect of the larger concept biomechanics. While assessing 

biomechanical data, it is important to know how prevalent LBP is among rowers. 

 

Ongoing prevalence of LBP in rowers 

Injury surveillance has investigated LBP prevalence in the rowing population across all 

competition levels. Many studies have used questionnaires to view the point-prevalence, 12-month 

and lifetime prevalence of LBP in rowers (Felker et al., 2015; Maselli et al., 2015; 

Noormohammadpour et al., 2016; O’Kane et al., 2003; Teitz et al., 2003). A recent systematic 

review observed that 32 to 95% of rowers experienced LBP across a 12-month period (Wilson et 

al., 2021a). Trompeter et al. (2017) found that when compared with other sports, rowing had the 

highest point prevalence (25 to 65%) and lifetime prevalence (63 to 94%) of LBP. Prevalence data 
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in rowing shows a large range of values, this may be considered inaccurate or may reflect the 

issues faced when retrospectively recording injury statistics. Furthermore, differences in 

prevalence data have been suggested by one paper to possibly be due to differences in LBP 

definitions (Trompeter et al., 2017). Moreover, there may be differences in prevalence when 

examining male and female athletes separately. Arend et al. (2016), for example, showed a 90% 

and 93% LBP prevalence for males and females respectively. Explanation of the relationship 

between LBP and sex does not seem to have been provided yet in rowers.  

One study reported that only 56% of rowers sought attention from a healthcare professional 

for LBP (Arend et al., 2016). While not specific to rowers, there is a tendency for athletes to wait 

for symptomatic improvement while training regularly despite the pain, potentially leading to more 

chronic issues (Arend et al., 2016). This tendency to continually train despite injury appears 

particularly true in those participating in high performance sport (Hammond et al., 2014; Shuer & 

Dietrich, 1997). Lifetime prevalence data for LBP in rowers has been suggested to be higher than 

that of the general population, positing the need for a clearly articulated prevention program 

(Felker et al., 2015). 

  

Injury prevention theories 

Literature covering injury surveillance has investigated aetiology through epidemiological 

and biomechanically focused studies. This knowledge may direct injury prevention programs, 

which are commonly integrated throughout a training schedule in an attempt to decrease the 

likelihood of injuries and mitigate their negative effects (Fett et al., 2017). Van Mechelen et al. 

(1992) pioneered a four-step model for injury prevention, which was later expanded by Finch 

(2006). The framework outlines the need for injury surveillance and associated intrinsic and 
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extrinsic risk factors (Finch, 2006). Finch (2006) formulated The Translating Research into Injury 

Prevention Practice (TRIPP) model whereby a six-stage process begins with injury surveillance 

and leads to implementing preventative measures (Finch et al., 2016). The present study has the 

potential to inform future studies by highlighting areas for further investigation that may begin to 

inform early steps of the TRIPP model. 

One strategy to prevent or decrease injuries and improve performance is the use of 

preparticipation evaluation (PPE) tools (Cook et al., 2006). These tools require an individual to 

perform specific movements which aim to assess the individual’s physical capabilities or 

limitations. Suggestions have been made as to the applicability of PPE tools as a screen for 

assessing the predictability of rowers experiencing LBP. However, it has been suggested by Cook 

et al. (2006, p.63) that “the research is inconsistent” to suggest that screening tools are able to 

complete their main goal. Cook et al. (2006) suggested that fundamental movement analysis should 

be included in pre-season screening to establish which individuals are able or unable to perform 

certain necessary movements. This is in comparison to the PPE tools which aim to provide 

information on which individuals may be at risk of injury.  

One example of a PPE tool is the functional movement screen (FMS). This tool aims to 

assess an individual and their fundamental movement patterns (Cook et al., 2006). The tests 

involved in the FMS assess the individual in a dynamic and functional capacity and, therefore, lie 

between preparticipation and performance screening (Cook et al., 2006). Studies have investigated 

the FMS in the context of LBP risk in rowers (Clay et al., 2016; Gonzalez et al., 2018). However, 

Moran et al. (2017) found that the results of a FMS screen did not adequately assess injury risk. 

These authors stated that external factors such as training and competitions may be variable and 

consequently influence changes in the FMS score throughout the season (Moran et al., 2017). 
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Thus, the use of the FMS as a single tool to assess likelihood of injury may be an oversimplification 

of its intention (Moran et al., 2017). In summary, prevention may be the most significant aspect in 

attempting to reduce LBP prevalence in the rowing population.  

 

Research designs guiding the current literature 

A large proportion of the literature examined in compiling the present review employed 

questionnaires to identify the prevalence of LBP, as well as important risk factors contributing to 

LBP in the rowing population (e.g., Felker et al., 2015; Foss et al., 2012; Maselli et al., 2015; 

Newlands et al., 2015; Teitz et al., 2002, 2003). The published data is primarily retrospective or 

cross-sectional (e.g., Finlay et al., 2020; Ng et al., 2014; Smoljanovic et al., 2009; Teitz et al., 

2002, 2003). To date there appear to be limited prospective studies (Foss et al., 2012; Newlands et 

al., 2015; Trease et al., 2020; Wilson et al., 2013). Prospectively designed research increases the 

accuracy and strength of the data in order to create an injury profile (Wilson et al., 2010). 

Moreover, only one randomised controlled trial (RCT) appears to exist in this literature base (Ng 

et al., 2015b). Randomised controlled trials are the gold standard for intervention study designs 

and are considered to produce more reliable evidence (Akobeng, 2005). On the lower end of the 

hierarchy of evidence, case reports have infrequently been employed in this literature to discuss a 

specific case or treatment and its outcome (Cañeiro et al., 2013; Goldstein et al., 2016). Multiple 

clinical trials have been completed investigating a variety of factors, such as technique and 

biomechanics (e.g., Burnett et al., 2008; Holt et al., 2003; Martinez-Valdes et al., 2019; Ng et al., 

2015a; Strahan et al., 2011; Stutchfield & Coleman, 2006). Rowing has been included in two 

systematic reviews of LBP in athletes, however, other sports were included in these studies, 

therefore, rowing was not the focus (Trompeter et al., 2017; Wilson et al., 2021a).  
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Low back pain definition 

Low back pain may result from a wide range of sources, although, often there is no clear 

diagnosis (National Health Committee, 2015). The terms low back injury and low back pain are 

used interchangeably by many authors. Low back pain is defined by the authors of the 2010 Global 

Burden of Disease study as “pain in the area on the posterior 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” (Hoy et al., 2014, p.968). Multiple studies have 

highlighted that a lack of clear definition of LBP is a common issue within the literature 

(Trompeter et al., 2017; Wilson et al., 2014; Wilson et al., 2021a). 

Wilson et al. (2014) suggested that an unclear definition of LBP may be one reason for the 

limited data available. However, in the last ten years research investigating LBP in rowing has 

increased. The relationship between LBP and rowing is continually being investigated with a focus 

on elite (Bahr et al., 2004; Fett et al., 2017; Foss et al., 2012; Hickey et al., 1997; Maselli et al., 

2015; Smoljanovic et al., 2009), college (O’Kane et al., 2003; Stutchfield & Coleman, 2006; Teitz 

et al., 2002, 2003), and adolescent populations (Ng et al., 2014; Ng et al., 2015a). Currently there 

seems to be a lack of information regarding prevention and management of LBP in rowers. This 

largely heterogeneous evidence base may create barriers to the inception or implementation of an 

effective prevention strategy in sporting and clinical practice (Wilson et al., 2014).  

The information currently available has been established through a variety of research 

methodologies. This diversity of information creates challenges for athletes, coaches, and health 

practitioners in being aware of the current state of the most relevant information. Navigating 

academic literature can bring challenges for the lay person, particularly when considering the wide 
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range of methodologies and academic jargon that may be contained within each. Therefore, 

questions such as the prevalence of LBP in rowing, the risk factors, and treatment options continue 

to require clarification. A search of the Cochrane library did not produce any systematic or scoping 

reviews specifically related to rowing and LBP. However, a recent search of PubMed resulted in 

two systematic reviews published in 2021 regarding LBP in rowers (Nugent et al., 2021; Treloar 

et al., 2021). In addition, a 2021 consensus statement defined rowing-related LBP as, “a symptom 

that can result from several different known or unknown abnormalities or diseases. It is defined by 

the location of pain, typically between the lower rib margins and the buttock creases. In some 

cases, it may be accompanied by pain in one or both legs and some people with LBP have 

associated neurological symptoms in the lower limbs. Rowing-related LBP is pain that affects a 

rowing athlete, that is because of or exacerbated by rowing or rowing- related training, resulting 

in a need to modify or stop scheduled activities” (Wilson, et al., 2021b p.896). 

 

Summary of current literature regarding LBP in rowing 

Low back pain is common across the world in the general population, as well as in the 

athletic population. Costs associated with LBP create a great economic burden, both on a personal 

and societal level. Elite athletes undergo large volumes of training and, therefore, high amounts of 

strain are placed on their musculoskeletal system, often resulting in LBP. Rowers additionally 

undergo high stress to their system through the large amounts of weekly training. Low back pain 

in rowing has shown a large prevalence in comparison with other sports. The movements required 

for the rowing stroke involve repetitive lumbar spine flexion which has been investigated as an 

influencing factor for causing LBP. Further risk factors for LBP in rowers include ergometer use, 

previous injury, and number of years in the sport. Current literature regarding LBP and rowing has 
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observed a range of topics including biomechanics and kinematic investigation. Furthermore, 

possible injury prevention has been suggested through tools such as the PPE tool or the TRIPP 

model. Finally, a lack of definition or differences in LBP definition have been commonly 

mentioned as an issue within the current literature.  

To date, the current literature has not been collated in the form of a scoping review. 

Therefore, the research question guiding the following scoping review was, What is the current 

peer-reviewed literature that has examined low back pain in rowing? The aim of the study was to 

investigate and map the currently available literature relating to LBP in rowing for collation to be 

used to inform athletes and coaches, and to identify gaps that may be filled by future research.  
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Section 2: Methodology and Methods 
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Methodological approach 

Scoping reviews are a relatively new methodology using available literature to outline the 

breadth and depth of a topic through an extensive mapping process to synthesise and examine 

evidence (Arksey & O’Malley, 2005; Levac et al., 2010; Tricco et al., 2018). Scoping reviews are 

becoming increasingly popular as shown through the doubling of study numbers from 2014 to 

2017 (Tricco et al., 2016). One main aim when conducting a scoping review is to define parameters 

of a topic to highlight areas in the literature that lack information and may advise future 

research (Peters et al., 2015, 2020). Furthermore, when a literature base is complex and largely 

heterogenous, scoping reviews have been said to help with the synthesis of this information (Peters 

et al., 2020). Scoping reviews have been suggested to be useful to investigate newer ideas, where 

high-quality evidence such as randomised controlled trials (RCTs) are not available (Levac et al., 

2010).  Some authors have argued that scoping reviews lack thoroughness, possibly due to a 

common absence of critical appraisal and the lack of risk of bias assessment (Levac et al., 2010). 

Scoping reviews are important to help illuminate key concepts or identify definitions, significant 

characteristics or factors connected to a concept, and related trends or gaps (Levac et al., 2010; 

Munn et al., 2018; Peters et al., 2015). Scoping reviews are often created to summarise and 

disseminate data available to create conclusions that may be used by consumers, policy makers, 

and practitioners (Arksey & O’Malley, 2005; Peters et al., 2015).  

The intent behind completing scoping reviews is well connected to the aims of this study, 

as collated information regarding the relationship between rowing and low back pain (LBP) is not 

available. Additionally, scoping reviews may be utilised to ascertain the feasibility of completing 

a systematic review by recognising the extent of evidence available (Daudt et al., 2013). The aim 
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of a scoping review is not to produce critically appraised and synthesised information as might a 

systematic review, but rather to create a mapped overview of evidence (Munn et al., 2018).   

Synthesis of diverse evidence types has long been needed in the research sphere. In 2019, 

one study identified 48 individual review types categorised into seven ‘families’ (Sutton et al., 

2019). These included; systematic reviews, qualitative reviews, traditional reviews, review of 

reviews, mixed method reviews, rapid reviews and purpose specific reviews (Sutton et al., 2019). 

Scoping reviews come under the purpose specific review family as the key to conducting the search 

process is alignment between the review purpose, the methodologies of the literature and the type 

of sample required, and the independent search strategies and sources required to provide that 

sample (Sutton et al., 2019).  

Through the evidence hierarchy, it is clear that systematic reviews are excellent sources of 

evidence, followed by RCTs and observational studies (Clarke et al., 2014; Evans, 2003). 

However, in a literature base that does not contain many RCTs, performing a systematic review is 

not applicable.  

 

Comparison of key characteristics of scoping reviews and systematic reviews 

Scoping reviews are similar to systematic reviews in that they are conducted in accordance 

with a structured format, although, each are carried out for varying reasons and have key 

differences with respect to methodology (Arksey & O’Malley, 2005; Levac et al., 2010; Munn et 

al., 2018). Systematic reviews are commonly employed across a range of fields to collate 

information (Munn et al., 2018). A systematic review aims to supply an extensive, unbiased 

synthesis of many applicable studies in a single document (Aromataris & Pearson, 2014). Rather 

than collate all data, systematic reviews focus on a specific question and research reporting data 
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rather than concepts or theory (Aromataris & Pearson, 2014). Scoping reviews are more inclined 

to incorporate and distribute findings from a variety of methods and study designs, as opposed to 

systematic reviews which tend to focus on RCTs (Arksey & O’Malley, 2005). Scoping reviews 

have been suggested to be relevant when systematic reviews are not indicated and to create a 

literature base that may inform future research so that a systematic review may be undertaken in 

future (Munn et al., 2018).  

The purpose of conducting a scoping review is to highlight and map all the accessible 

literature (Arksey & O’Malley, 2005). Scoping reviews may be carried out for at least one of four 

reasons; “(a) to examine the extent, range, and nature of research activity, (b) to determine the 

value of undertaking a full systematic review, (c) to summarise and disseminate research findings, 

or (d) to identify research gaps in the existing literature” (Arksey & O’Malley, 2005 p.21). 

When viewing a literature base such as LBP in rowing, it is important to summarise it in a 

way that best suits the literature. A systematic review seeks to answer questions from a smaller 

range of quality assessed studies, while scoping reviews implement a much broader question and 

often do not evaluate the quality of the studies included (Arksey & O’Malley, 2005). The literature 

shows a wide methodological range and is highly heterogeneous, therefore, a broader research 

question would encompass this literature well. This means a systematic review would be 

inappropriate to be applied to this data set as there does not seem to be enough high-quality data 

of the same study design. 

Systematic reviews are highly structured pieces of literature and must adhere to the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) tool to ensure 

rigor for their study (Page et al., 2021). This tool was created to ensure transparency in reporting 

for systematic reviews and meta-analyses (Liberati et al., 2009). Tricco et al. (2018) advanced the 
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scoping review methodology by evolving the PRISMA extension for Scoping Reviews (PRISMA-

ScR). This adaptation of the original PRISMA checklist has aimed to aid researchers in 

undertaking a scoping review and to guide the reporting of the review. Key revisions were made 

from the original PRISMA statement to exclude items that were not deemed relevant to be included 

in a scoping review. Wording of all items was modified to reflect scoping reviews (Tricco et al., 

2018). Further revisions concluded that the risk of bias assessment across studies was not 

necessary. This is because the scoping methodology does not typically include the critical appraisal 

(or risk of bias appraisal) of a body of evidence. Finally, two items were considered to be optional, 

i.e., critically appraising individual evidence sources and critical appraisal within evidence sources 

(Tricco et al., 2018).  

 

Critical appraisal 

Scoping reviews are created to provide an overview of an existing evidence base without 

concern with quality (Peters et al., 2015). However, critical appraisal of a section of the data can 

improve the depth of analysis of the literature (Arksey & O’Malley, 2005). Observing 

methodological limitations of studies can be included in a scoping review if set out by the aim 

(Peters et al., 2020). Critical appraisal in scoping reviews is not generally recommended and, 

therefore, results in a less synthesized and clinically meaningful answer to the research question 

(Peters et al., 2020). Critical appraisal is, however, included as an optional step in the PRISMA-

ScR guidelines for transparent reporting of scoping reviews (Tricco et al., 2018). Lack of critical 

appraisal may be considered the primary limitation of scoping reviews (Peters et al., 2015). 

Without critical appraisal, it may be difficult to determine the rigor or generalisability of the 

study’s findings (Arksey & O’Malley, 2005). 
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To strengthen the value of the present review, the provisional decision was made to include 

an appraisal step if that was indicated. The mapping of the literature with the use of the Arksey 

and O’Malley (2005) framework, highlighted one section as an ideal candidate for quality 

appraisal. Specifically, literature examining the role of aggravating factors within the 

epidemiology theme was selected. This section of the literature appeared to have the most cohesive 

information that, with appraisal, may give more weight to the findings. This information was 

highlighted as potentially useful for coaches and sports coordinators given appraised reporting 

quality. Information found in this literature may highlight areas for LBP prevention. Furthermore, 

only primary data was included. 

Appraisal tools examined for use were the Downs and Black appraisal tool (Downs & 

Black, 1998), and the Strengthening the Reporting of Observational Studies in Epidemiology 

(STROBE) tool (Vandenbroucke et al., 2007). The Downs and Black tool (Downs & Black, 1998) 

discusses studies including intervention of which the selected subgroup of studies had none. A 

systematic review of critical appraisal tools found that there was not a single obvious tool for 

quality assessment of observational epidemiological studies (Sanderson et al., 2007).  

It was concluded that all included papers were observational studies and, therefore, the 

STROBE tool was best suited to appraise this subsection of literature. The STROBE tool was 

applied with the intention to assess reporting quality of the included studies, not to assess quality 

of the studies (Da Costa et al., 2011). This tool provides guidance for facilitation of critical 

appraisal and interpretation of results (Da Costa et al., 2011). Poor reporting of observational 

studies may lead to a lack of generalisability of the results due to inconsistencies in the presented 

data (Vandenbroucke et al., 2007). This additionally reduces the value of conclusions being made 

about the strengths and weaknesses of the study (Vandenbroucke et al., 2007). Therefore, by 
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informing readers of the reporting quality of the included studies, more confidence can be found 

in both the study’s findings and the findings of the scoping review.  

 

Methods 

Framework Stage 1: Identifying the research question 

Arksey and O’Malley (2005) highlight the need for a broad research question to canvas the 

breadth of literature available. As suggested by Levac at al. (2010), the first stage of the framework 

helps with the justification for undertaking a scoping review. The question guiding the present 

scoping review was: What is the current peer-reviewed literature that has examined low back pain 

in rowing?  

Framework Stage 2: Identifying the relevant studies 

Throughout the second stage, identification of relevant studies was required to address the 

research question. The search strategy must be developed including consideration of the most 

appropriate databases and collating the best search terms that would produce all the available 

literature (Appendix A: Search strategy). The databases chosen to best answer the research 

question were; PubMed, EBSCO health database, and ScienceDirect. Additionally, it was 

important to consider the most advantageous search terms, as well as considering language(s) and 

time frame (Arksey & O’Malley, 2005). As conducting a scoping review is an iterative process, 

search terms may be extended if all studies were not included with the original terms used. Further, 

the reference lists of included papers were searched for additional papers missed in the original 

searches. 
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Grey literature  

There is potential within a scoping review to include grey literature which can increase the 

breadth of the literature (Tricco et al., 2016). This was not applicable in this study as it set out to 

only include peer-reviewed literature. Additionally, there is some debate on what constitutes grey 

literature (Mahood et al., 2014). Furthermore, it may have decreased the quality of the study to 

include this information.  

Framework Stage 3: Study selection 

This stage of the framework requires selection of studies that are pertinent to the research 

question. Arksey and O’Malley (2005) consider construction of the search criteria to be an iterative 

process which allows a broad sweep of the literature (Appendix A: Search strategy). The eligibility 

criteria for this study were created prior to the study selection process (Appendix B: Screening 

template). To ensure selection consistency of papers, two independent reviewers viewed a section 

of the literature, and an agreement score was calculated to observe inter-rater reliability between 

all reviewers (Appendix C: Interrater agreement). 

Framework Stage 4: Charting the data 

Charting the data involves the process of abstracting information from the literature to form 

the results. This included both general information about the studies and specific information 

pertaining to included definitions, themes present, and outcomes of these studies. A data table was 

created to display the relevant information within each study in each theme (Table 3). For this 

table, data items were included such as the participants, aim of the study, results, and inclusion of 

definition (Table 3). The table was arranged with the studies corresponding to the themes they 

were identified to fit within.  
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Framework Stage 5: Collating, summarising, and reporting the results 

It has been suggested by Levac et al. (2010) that the fifth stage should be broken down into 

three separate substages: analysis, reporting the results, and consideration of value of findings 

related to the research question. Within this review, the included studies were placed into themes 

corresponding to the study’s main outcomes (Appendix D: Definition of themes). This was in line 

with the purpose of this study and allowed for accurate collating of information pertaining to LBP 

and rowing. As greater familiarity with the studies was gained, the methods of this stage could be 

further refined, as recommended by Peters et al. (2015, 2020). Once themes were identified, a 

subsection was chosen for critical appraisal (Tricco et al., 2018). 

Framework Stage 6: (optional) Consultation  

The sixth stage identified by Arksey and O’Malley (2005) is optional for scoping reviews. 

The aim of this step is to possibly enhance the results and increase their utility to policy makers, 

practitioners, and service users (Arksey & O’Malley, 2005). The optional step was not carried out 

in this scoping review due to resource constraints. 

Ethical considerations 

The present study was determined to be exempt from ethical approval (Unitec Research 

Ethics Committee) (Appendix E: Ethics notification). 

Study registration 

The scoping review protocol was registered prospectively with the open science framework 

on 7 April 2021. Reference: Athy, V. (2021, April 7). Examining the peer-reviewed published 

literature regarding low back pain in rowing: A scoping review. Retrieved from osf.io/b6ydj  
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Abstract  

Objective: To explore the breadth and depth of the low back pain (LBP) literature in rowing and 

to identify areas for future research. 

Design: Scoping review 

Background: LBP is highly prevalent in the rowing population. The body of existing research 

variously investigates risk factors, prevention, and treatment methods.  

Literature search: PubMed, Ebsco, ScienceDirect: inception to November 1, 2020. 

Study Selection Criteria: We included published, peer-reviewed, primary, and secondary data 

pertaining to LBP in rowing. 

Data Synthesis: 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 injury reporting increased heterogeneity and decreased data quality. Further 
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exploration is required to determine the mechanism of LBP in rowers through research with larger 

samples.  

Key Words: 

Low Back Pain, Low Back Ache, Rowing, Back Injury, Athlete, Sports Injury 
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Introduction 

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

and often persists beyond the acute stage.46,98 It is commonly associated with sedentary 

occupations and lifestyles, obesity and smoking.98 Throughout the general population, research 

regarding epidemiology of LBP has been well established.95 Physical activity has been suggested 

to have a protective effect against LBP,63 and it is well documented that participation in sport has 

a positive effect on health in general.37 However, there is an inverse relationship between LBP risk 

in sedentary and in active people.39 There is an absence of information regarding the ideal dose-

effect relationship of physical activity.95 Back pain is common among athletes and regularly 

influences performance and participation.95  

Intense physical activity may create a greater risk of LBP,39 particularly in demanding 

sports such as rowing.30 In New Zealand, the Accident Compensation Corporation (ACC) 

identifies the back/spine to be the most commonly injured area in rowing.1 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, 

various mechanical factors have been investigated to examine their impact on LBP in the rower 

and finally, a biopsychosocial approach to management has tentatively been explored.  

A LBP definition has not been precisely determined, potentially due to a lack of definition 

within the literature.104 The heterogeneous data sets and wide variety of topics explored through 

the literature make a scoping review the best-suited study methodology to map all the available 

literature and identify areas for further research. Therefore, this scoping review aimed to 
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investigate and collate the available literature regarding LBP in rowing to inform athletes, coaches, 

and further research.  

 

Methods 

The original methodological framework for scoping reviews published by Arksey and 

O’Malley5 and amended by Levac et al51 along with the reporting checklist established by Tricco 

et al94 were utilized to synthesise relevant information available within the peer-reviewed 

literature. Updated guidance for scoping reviews is provided by Peters et al.75 

 

Identification of the research question 

The current scoping review was directed by using the ensuing, wide-ranging research 

question: What is the current peer-reviewed 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 population, (3) to elucidate areas where research may be lacking 

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 reviewed. 

 

Identification of the relevant studies  

The search strategy was created by the first author with assistance from a knowledge 

specialist, amended by the second author and applied to PubMed, ScienceDirect, and Ebsco health 
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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,5 any moderations required were applied 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) 

studies 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 either 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 reviewing, the full texts of each study were reviewed by the first 

author to establish their eligibility. 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).  
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Three papers identified in the search were not published in English. Submitting these texts 

to Google Translate, resulted in significant translation errors and they were excluded. 

 

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 = 0.625,50 

was found between the authors’ decisions on inclusion of the subset of papers. Any discrepancies 

were resolved with the help of the third author until a consensus was reached. 

 

Data charting process 

Data was 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 (Table 3). 

 

Collating and Summarising the Findings of included studies 

Analysing the data 

The remaining 78 studies were examined for similarities and differences once the primary 

author had established familiarity with the data. The papers were then categorized into four main 

themes as follows: (1) biomechanics, (2) biopsychosocial, (3) epidemiology, and (4) 

miscellaneous. Each theme was subsequently divided into further sub-categories (Table 1).  
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Data validation 

Agreement on study selection of the papers into the themes created finalized by the primary 

author was attained through validation of 5% of the total amount of articles (four of the total 78 

papers) by the second and third authors. One paper from each of the four themes was picked out 

at random for verification. Any discrepancies found throughout the verification were talked 

through by the authors until a final decision was reached. 

 

Reporting 

Data was analyzed by sorting the extracted data concerning 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 format (Table 3).  

 

Critical Appraisal 

A total of 12 papers with primary data within the epidemiology category were appraised 

using The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

tool.96 This tool was created to assist authors when producing analytical observational studies and 

“...to facilitate critical appraisal and interpretation of results”.17,96p.1 
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Results 

Overall, the search produced 1,002 studies, of which 501 were reviewed 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 reference lists, 

resulting in a total of 78 studies included in this study. Included studies were allocated into one or 

several of four main themes, epidemiological, biomechanics, biopsychosocial, and miscellaneous, 

and studies were classified to a specific category within the theme (Table 1). In five instances, 

papers were identified into two categories.43,64,66,74,88 

Only 21% (27) of the total papers mentioned a definition of either low back pain (LBP), 

back pain or injury (Table 3). Definitions were most commonly given within the epidemiology 

category (18 of 27). 
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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.94  
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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. 
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Epidemiology 

LBP in rowers was explored through peer-reviewed literature and included the incidence 

and prevalence 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,64,67,102 LBP prevalence was observed to be between 6% and 66% over 12 months.30,64 

Seventeen papers reported incidence,6,8,24,30,40,43,64,68,81,82,84,85,89,90,93,97,102 the number of people 

developing LBP during one time, while nine papers reported prevalence,4,7,23,24,27,54,67,88,95 the 

number of people who have LBP at one time. Three papers employed a prospective design with 

both incidence and prevalence reported.30,64,93 

Throughout the primary data sources, many papers utilized retrospective 

questionnaires.4,7,8,24,27,40,43,54,67,68,81,82,84,85,88–90,97 Of the 19 papers employing questionnaires, four 

adapted the standardized Nordic Musculoskeletal Questionnaire18 with additional rowing-specific 

questions.7,24,30,54 Four papers used custom-made rowing-specific questionnaires.64,81,82,84 One 

study adapted the Rugby Injury and Performance Project questionnaire99 along with interviews.102 

Ten did not specify the questionnaire utilized.4,8,27,43,67,68,85,88–90  

The low back was reported as the most commonly injured site by many studies.6,64,80,84,91,104 

The low back injury rate was reported to be 53% of total injuries for rowers.7 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.104 Wilson et al104 identified the most significant risk factors for LBP onset to be a history of 

lumbar spine injury and volume of ergometer training (Table 3). Stationary ergometers were 
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suggested to increase the risk of LBP onset or exacerbation64,67,85,90,102,104 with many papers 

identifying use for more than 30 minutes to increase risk.64,67,85,90,102,104 Trease et al93 reported 

dynamic ergometers to be positively associated with a lower incidence and burden of low back 

injury compared to stationary ergometers. Training in winter was associated with higher rates of 

LBP development potentially due to increased volumes of land-based training,8,102,104 including 

the use of free weights and weight machines.4,85,90,93 Additional factors suggested to contribute to 

LBP in rowers included on-water rowing85,93 and long rowing sessions.67 Results regarding 

frequency of injuries by sex were inconsistent and inconclusive.8,24,27,64,82,84,85,93 

Arend et al4 identified higher LBP intensity when training between seven to 16 hours per 

week compared with lower training volumes. Additionally, Newlands et al64 found a positive 

correlation between LBP and total training hours (on- and off-water) as well as with kilometers 

rowed per month (Table 3).  

Previous history of LBP was positively associated with further LBP episodes.30,64,68,89,90,104 

O’Kane et al68 observed that rowers with previous back pain had a higher risk of further episodes 

than rowers without. However, rowers with preexisting back pain had less time off training while 

individuals without were more likely to end their rowing career due to back pain.68  

Finlay et al27 observed 39.2% of their cohort reported more than 21 days off training or 

competition while Teitz et al90 found 72% lost one month or less due to pain. One paper suggested 

that time lost due to pain was a poor indicator of injury severity as injured rowers in their study 

were able to complete a larger mean training volume than non-injured athletes.102 High injury rates 

have prompted investigation of the utility of pre-participation evaluation tools without success.64,88  
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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 consensus 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 results. 

 

Biomechanics 

Studies in this theme assess the movement involved in the rowing stroke. Sub-categories 

include spinal mobility, muscular contribution, pre-participation evaluation tools, and force 

produced by the lower extremity. Spinal mobility assesses the amount of movement accessed 

through the rowing stroke. Wilson et al103 compared lumbar spine biomechanics when rowing on-

water with ergometer rowing (Table 3). Both the ergometer and on-water rowing resulted in larger 

ranges of sagittal lumbar flexion by the final round of the step test compared to a full standing 

flexion test.103 Moreover, ergometer rowing showed a greater range of lumbar flexion and 

maximum angle compared to rowing on-water.103 Ng et al65 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 between studies. 

Due to limited study numbers, no agreement has been found.58,60,61  

Prolonged rowing caused greater ranges of spinal motion to achieve the same start and 

finish positions.41 Wilson et al105 found that as stroke rate increased, so did lumbar spine 

displacement. These studies suggest that deterioration of technique due to fatigue may contribute 

to LBP.41  
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Muscular contribution looks at muscles involved in the rowing stroke and assesses factors 

such as activation, symmetry 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 al53 

used this to observe inefficient recruitment of erector spinae muscles in rowers with a previous 

history of LBP. Caldwell et al13 found that increased activity of lumbar extensor muscles 

(multifidus, iliocostalis lumborum, longissimus thoracis) may suggest muscular fatigue 

contributes to increased levels of lumbar flexion.  

Further 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 relationship.72  

The epidemiology theme did not find utility of pre-participation evaluation tools. Clay et 

al16 utilized a functional movement screen (FMS) and found rowers with a higher risk of injury 

were significantly more likely to experience LBP during the rowing season.16 In contrast, Gonzalez 

et al34 cautioned against the use of FMS 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 rowing population. 

The impact of asymmetry in the stroke motion on the lower limb has been the focus of a 

small number of investigations.55,56 While there was a measurable lack of symmetry in sweep 

rowing,55 there has been no evidence of this being a causal factor for LBP.3 

In the biomechanics grouping, investigation into movement 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 contribute to the deterioration of technique seen with 
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prolonged 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 influence of LBP. Wilson et al106 

investigated the lived experience and impact of LBP on rowers. A culture of injury concealment 

was documented, influenced by fear and isolation (Table 3).106 McNally et al62 further suggested 

a lower rate of symptom reporting by rowers. Wilson et al106 discussed the complex condition 

athletes face when experiencing LBP and suggested that factors outside of the physical domain 

need to be addressed.  

Ng et al66 utilized an individualized cognitive functional approach with adolescent rowers 

compared to a control group. Participants undergoing the cognitive functional approach had larger 

reductions in pain during ergometer rowing and reduced disability.66 Similarly, Thorpe et al92 

demonstrated a 24% (pre-post-season) decrease in LBP following 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 information 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,83 described adaptive rowing at the Paralympic level advocating for an increase 
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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.83 

Further, although peer-reviewed, four of the six papers were identified as promotional 

pieces or using relatively older data9,22,77,86 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 provide the greatest value to rowers and coaches when assessing 

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 relevant information (Table 2). Details of study characteristics 

and boundaries (such as participants, variables, measurement, and study size) were described 

including diagnostic criteria in the methods sections of the appraised studies. Results were 

commonly missing some of the STROBE recommended 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, however, 

some did not discuss generalizability of the results (Table 2). 

Eight STROBE items were missing in two-thirds of papers. These included representation 

of missing data and aspects of statistical analyses such as relative risk estimate and sensitivity 

analysis. None of the papers met all 22+ criteria.  
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Table 2: Critical Appraisal of ‘aggravating factors’ in the Epidemiology Category using the STROBE tool96 

References 4 8 27 30 67 81 82 84 85 90 93 102  

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% 
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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 specific criterion and are rounded to the nearest whole number.  

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% 

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.  Generalisability 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% 
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Discussion 

The purpose of this study was to 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.  

LBP in the general population has been associated with poor health, heavy physical 

work, obesity, smoking and low socioeconomic status.36 Athletes may, at first sight, be unlikely 

to be affected by these factors. However, athletes may be impacted by stress, anxiety, fatigue 

and reduced sleep and mood,35,70 factors that have been associated with increased 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.38 

Elite athletes in one study were shown to have a higher prevalence of back pain in comparison 

with a physically active control group.24 Elite athletes may undergo a higher level of stress on 

the musculoskeletal system which may account for a higher back pain prevalence.24 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.44,101 Prevention has been investigated 

through the use of pre-participation evaluation tools, however, these have not yet shown utility 

in rowers. Prolonged ergometer use (particularly for more than 30 minutes) has been identified 

throughout the literature as a risk factor for LBP in rowers.64,67,85,90,102,104 This risk may be 

interpreted through biomechanical 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-intensities.41,60,61,105 During on-water rowing, the rower is required to maintain balance, 



   

 

 

 

60 

through activation of hip and trunk flexors, particularly during the recovery phase to create a 

smooth stroke.28 Balance is not required when using the stationary ergometer which means 

sensory feedback is not provided. This suggests that activation of muscles to stabilize and 

balance may not be required and as fatigue develops, technique may suffer. 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. These findings were the only significant risk 

factors agreed upon within the literature. Furthermore, many of the studies assessing rowing 

technique observed the rower while on the ergometer104 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.104 The terms low back injury and low back pain were used interchangeably 

by many authors.4,7,8,27 LBP was defined by the authors of the Global Burden of LBP as “pain 

in the area on the posterior 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”.45p.968 In total, only 21% (27) of the papers included in the present review 

mentioned a definition of either LBP, back pain or injury (Table 3). 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). Without effective 

defining of terms within the study or in using incompatible definitions, a comparison between 

studies is difficult to make. It has also been observed that a lack of common definition may 

affect prevalence data.95 Furthermore, this decreases the ability to build a literature base that 

adds evidence to create clarity and consistency of findings. Future research should include 

definitions of significant terms such as LBP to provide understanding for the readers as well as 

for quality reporting.  
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The literature within the present study contained many limitations concerning methods 

employed. These issues include low injury reporting, minimal prospective studies, low 

participant numbers and a lack of randomized controlled trials. 

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 papers.62,106 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.101 Some papers are calling for a more 

comprehensive view of pain management.35 This has been explored within the studies included 

in the biopsychosocial category of this present study. Specifically, these studies bring to light 

the importance of understanding and supporting the athlete by people around them. However, 

family and other people in an athlete's circle may directly or indirectly pressure the athlete to 

ignore, not report pain or treat an injury with short-term remedies that may create long term 

negative consequences so that they can continue their sport.35,71 There seems to be a broad 

sporting culture that promotes playing through pain and injury and lessen its significance.100 

This may create future episodes of back pain for the athlete. This culture of concealment seems 

to be common throughout many sporting disciplines101 and breaking this down may help to 

allow athletes to disclose pain earlier resulting in prompt rehabilitation and potentially less time 

taken off training and competition.106 Additionally, this would produce more accurate research 

data. Moreover, generating further prospective studies may produce more useful results. 

A retrospective design was common in the epidemiological category (18 

papers)4,7,8,24,27,40,43,54,67,68,81,82,84,85,88–90,97 with only four papers adopting a prospective 

design.30,64,93,102 Recall bias may have been an impact for study participants in remembering 

previous episodes of back pain and the factors associated with it.2 One study discusses their 

retrospective cross-sectional design as “a survey of the survivors” whereby only the athletes 
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who continued their sport have been surveyed and others who may have left were not 

accessible, therefore, introducing bias.7p.452 This is a consideration 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.54,104 

The epidemiological category has provided some conclusions when considering risk 

factors for LBP on the rower. However, conclusions are difficult to make from the 

biomechanical category due to a lack of cohesiveness and smaller study sizes. Increasing study 

sizes and using repeat methods 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 results set of this present study, only one randomized controlled trial 

(RCT) was included.66 Conducting more RCTs would increase the understanding of and 

confidence in this literature. Further, critical appraisal 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 providing epidemiological data. 

Researchers can view this subsection 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.  
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Injury prevention is an important aspect of LBP in rowing. A six-staged process 

developed by Finch25,26 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.25,26 However, this scoping 

review may work to inform 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.107 Furthermore, the contributors to the consensus statement recognized 

the need for increased research in this area.107 Although methodologically not as rigorous as 

the present scoping review, the consensus statement provided pertinent information regarding 

management of LBP in rowers that is in line with the systematic review and quality appraisal 

contained herein and may be useful for rowers, coaches and health practitioners.107 

  

Study limitations 

Undertaking a larger critical appraisal to assess the reporting quality of all of the 

included papers would have given greater weight to the findings of the study. 

 

Clinical Implications 

This study highlights the importance of prevention of the first LBP episode for athletes 

and coaches. Prolonged ergometer use should be approached with caution as it was the most 

commonly agreed upon risk factor. Regarding the culture of concealment, Wilson et al106 

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.  
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Conclusion 

This scoping review identified a body of literature that showed good quality 

epidemiological information to document the widespread effect of LBP on rowers. Many risk 

factors were highlighted, most significantly, back pain history and prolonged ergometer use. 

Methodological issues within the literature were present including, a lack of LBP definition, 

issues with injury reporting, and small sample sizes. Avenues of investigation within the 

literature covered a range of topics eg, spinal mobility, muscular contribution, pre-participation 

evaluation tools, lower extremity force, and biopsychosocial effect. These showed some 

promise, however, need further investigation. Future research should include LBP definitions 

and ideally be undertaken prospectively. This would help to support coaches and athletes to 

consider ways to prevent LBP, increase injury reporting and early rehabilitation for rowers.  

 

Key points 

Findings: Low back pain was a significant injury within rowers as is evident in the widespread 

prevalence shown in this study. Previous back pain history and prolonged ergometer use have 

been recognized to be significant risk factors.   

Implications: Use of a strong definition such as that by the Global Burden of Disease45 would 

strengthen the data. There is a need to consider ways to decrease emotional and physical stress 

on athletes and break down the culture of concealment with regard to injury reporting. 

Caution: Underreporting by rowers and retrospectively designed studies may result in 

imprecise epidemiological findings and affect the validity of the study outcomes.
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Table 3: Key characteristics of included studies 

Reference  Sample size and level 

of expertise  

Aim of Study Result Definition given 

Epidemiology (n=31)   

Arend et al4 

78 rowers (38 female, 

40 male), including 15 

novice and 63 

experienced rowers. 

To calculate the prevalence and 

assess factors that aggravate LBP 

in rowers. 

Point prevalence shown as 10% in 

males and 21.2% in females. 

Aggravating factors included weight 

training, prolonged sitting and long 

rowing workouts 

LBP defined as “...pain located 

between L1 and gluteal folds...”. 

Arumugam et al6 

- -  Review of literature including 

incidence and risk factors for 

rowing. To perceive where 

biomechanics may be involved in 

management of LBP in rowers. 

Area most commonly injured: lumbar 

spine (up to 53%). Clinical screening 

of athletes using biomechanics can 

help reduce injury and enhance 

performance. 

No definition given. 

Bahr et al7 
 

199 rowers (+ 257 

cross-country skiers, 

378 orienteers, 197 

control subjects). 
 

To contrast LBP symptom 

prevalence among endurance 

sports with a variety of loading 

variables on the lumbar region. 
 

LBP showed increased prevalence in 

cross-country skiers and rowers over 

orienteers and control group. Rowers 

showed most training missed due to 

LBP than other groups. 

“LBP defined as pain, ache, or 

discomfort in the low back with or 

without radiation to one or both 

legs (sciatica)”. 
 

Bernardes et al8 
 

92 senior medalists in 

national 

championships (18 

female, 74 male). 

To investigate injuries experienced 

by senior rowers over their 

competitive rowing lifetime. 

Lumbar region most commonly injured 

area with a high incidence in winter 

and spring. 

“Injury defined as any pain, 

physical disability or other similar 

situation needing treatment and 

preventing the athlete from 

training or competing”. 
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Farahbakhsh et al23 

- -  To comprehensively gather and 

evaluate papers surveying LBP in 

athletes and categorize by point, 

one-year, and life-time prevalence. 

Lifetime prevalence of LBP in rowers 

shown as 83.6%. 

No definition given. 

Fett et al24 
 

1,114 elite athletes (83 

rowers) and 116 

physically active 

control group. 
 

To display back pain prevalence 

and assess contributing factors 

such as age, sex, training volume 

and sporting discipline of an elite 

athlete population compared with 

a physically active control group. 

In rowers, lifetime prevalence shown 

as 96.4%, 12-month prevalence 95.2%, 

3-month prevalence 79.5%, and 7-day 

prevalence as 67.5%. 

“Pain defined as pain, ache or 

discomfort”. 
 

Finlay et al27 
 

160 adult amateur 

rowers. 
 

To explore the prevalence, 

character and any associated 

factors with injury among adult 

amateur rowers. 
 

Injury rate seen as 5.7 per 1000 rowing 

sessions. Training volume significantly 

correlated with rate of injury. 

“An injury defined as a 

musculoskeletal issue which led to 

adaptation/missing two or more 

training sessions and/or at least 

one visit to a healthcare 

professional”. 

Foss et al30 
 

173 rowers, 209 

orienteers', 242 cross-

country skiers and 116 

control subjects. 
 

Compare LBP symptoms 

prevalence between former 

endurance athletes, cross-country 

skiing, rowing, and orienteering, 

with an additional non-athletic 

control group. 

Rowers showed more LBP episodes 

than orienteers. Rowers reported the 

more common occupational changes 

due to LBP than other sports. High 

training volume was a risk factor. 

Previous LBP episode associated with 

future LBP. 

“LBP defined as pain, ache, or 

discomfort in the low back with or 

without radiation to one or both 

legs”. 
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Hickey et al40  

172 elite level rowers 

(84 female, 88 male). 

To retrospectively examine 

injuries to rowers over 10 years 

(1985-1994). 

LBP most common complaint in male 

rowers (25% of total injuries compared 

with 15.2% in females). 

“An injury was defined as any 

injury presenting to the medical 

practitioners of the Australian 

Institute of Sports Medicine 

Department”. 

Hosea and 

Hannafin42 

- -  Review of literature describing 

rowing stroke biomechanics and 

injury patterns. 

Rowing injuries are commonly related 

to overuse with lumbar commonly 

affected.  

No definition given. 

Howell43 

17 elite female rowers. • To assess trunk/pelvic muscle 

strength and flexibility in the study 

population, document LBP 

incidence, and determine 

correlations between injury 

incidence and musculoskeletal 

profile. 

Elite female rowers have a large LBP 

incidence. 75% showed hyper flexed 

lumbar spine. Positive correlation seen 

between hyper flexed lumbar and LBP 

incidence. Negative correlation 

between a stretching program and 

LBP. 

No definition given. 

Karlson47 

- -  To help understand rowing 

mechanics, equipment, and 

training methods for physicians. 

• The rowing stroke puts heavy load on 

the lumbar spine. LBP typically 

overuse related. Equipment can be 

modified to alter loading mechanics. 

Similarly, technique can be coached to 

help LBP. 

No definition given.  

Maselli et al54 
 

133 elite rowers. 
 

To investigate the prevalence of 

LBP that may or may not have 

associated irradiated pain and 

potentially related risk factors. 

Lifetime prevalence shown as 64.7% 

and one-year prevalence as 40.6%. 

No definition given. 
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McNally et al62 

- -  Non-specific review providing 

information on the rowing stroke 

and specific injuries that pertain to 

rowers.  

Describes specific low back injuries 

said to be endured by rowers including 

annular tears, disc injury, and facet 

degeneration, spondylolysis, sacroiliac 

joint dysfunction, and osteoporosis. 

No definition given. 

Newlands et al64 
 

76 international rowers 

(30 female, 46 male). 
 

To investigate prevalence and 

incidence of LBP among 

international-level rowers in New 

Zealand as well as the link 

between volumes of training and 

LBP and the degree to which LBP 

affects the rower’s ability in 

training and competition. 

Prevalence of LBP from 6-25% 

through year. Incidence 1.67 per 1000 

exposure hours. Positive relationship 

between new LBP and total hours 

training per month. 

 

“LBP defined as pain, ache or 

discomfort in the low back with or 

without referral to the buttocks or 

legs that has been present for more 

than one week and/or interrupted 

at least one training session”. 

Ng et al67 
 

365 adolescent rowers 

(235 female, 130 

male). 
 

To measure and compare the LBP 

prevalence, levels of pain and any 

associated aggravating factors in 

an adolescent population. 

Point prevalence of LBP in male 

(64.6%) and female (52.8%) 

adolescent rowers. Lower levels on 

pain scale found in males vs females. 

“LBP was defined as pain located 

between L1 and gluteal folds…”. 
 

O’Kane et al68  
 

1829 former 

intercollegiate rowers. 

To assess whether having back 

pain before intercollegiate rowing 

was a significant risk factor for 

further back pain in intercollegiate 

rowers. 

Previous episodes of back pain 

positively linked with future back pain 

episodes. Rowers with preexisting 

back pain were less likely to miss 

longer periods of training due to back 

pain.  

“…definition of back pain was 

limited to pain that lasted at least 1 

week”. 
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Rumball et al80 

- -  Non-specific review to examine 

injury mechanism, diagnosis and 

management of injuries that affect 

the rowing population. 

Prevention is the best option. Injury 

risk factors included abrupt changes in 

training eg, on-water to land based, 

sudden increase in weight training, 

weak core strength, and limited 

flexibility in lower extremity and 

lumbar spine. 

No definition given. 

Smoljanovic et al81 
 

743 masters' rowers. 
 

To assess the prevalence of acute 

and chronic injuries in masters' 

rowers concerning age, rowing 

experience, training modality, 

previous competition level, and 

current rowing training. 

The low back was the most commonly 

injured area (32.6%). 2.25 injuries per 

1000 training sessions/rower. Majority 

of injuries were chronic.  

 

No definition given. 
 

Smoljanovic et al82 
 

634 international level 

rowers (33% female, 

67% male). 
 

To determine various 

musculoskeletal injuries, present 

in senior international rowers. 
 

• Low back the most common site of 

injury, 1.75 injuries per 1000 training 

sessions per rower. Senior rowers who 

sustained chronic injuries ranked 

higher in competition than rowers 

without injury. 

No definition given.  
 

Smoljanovic et al84 
 

398 junior (under 19) 

international rowers 

(42% female, 58% 

male). 
 

To determine the various 

musculoskeletal issues, present in 

elite junior rowers to assess 

whether factors such as gender, 

rowing disciple, training program 

or physical stature may influence 

injury incidence. 
 

73.8% injuries reported as overuse, 

26.2% resulted from a traumatic event. 

The low back was most commonly 

injured and female rowers were injured 

more commonly than male. 

 

“Traumatic injury defined as any 

sudden tissue damage…resulting 

from trauma. Overuse injury 

defined as chronic, long-lasting 

pain usually connected to the sport 

activity for which the rowers could 
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not report a specific inciting 

event”. 

Socratis et al85 
211 rowers (55 female, 

156 male) of all 

competitive categories. 

To view prevalence, qualities, and 

etiological factors of injuries to 

Greek rowers of all rowing levels.  

• Low back most commonly injured area 

for female and male rowers. Land 

training risk factor for both sexes. 

“Injury defined as missing one or 

more training sessions”. 

Stutchfield and 

Coleman88 
 

26 collegiate male 

rowers. 

To explore any potential 

interaction between LBP, 

flexibility of hamstring muscles 

and lumbar spine flexion. 

• No association found between 

hamstring flexibility and LBP. LBP 

sufferers had decreased lumbar flexion. 

Increasing flexibility of hamstrings for 

LBP prevention may not be required. 

“LBP was defined as pain or ache 

in the lumbosacral region with or 

without radiation to the buttocks. 

This included constant LBP and 

LBP upon movement”. 

Teitz et al89 

1561 former 

intercollegiate rowers. 

To assess whether rowers who had 

back pain during college had an 

increased likelihood of further 

back pain over the general 

population. 

• Lifetime prevalence of back pain in 

former rowers showed no differences 

to the general population. Rowers 

without back pain in college had 

greatly lower rates of back pain 

throughout lifetime than general 

population. 

“Back pain was defined as pain 

that lasted at least 1 week”. 

Teitz et al90 

1632 former 

intercollegiate rowers. 
 

To view the amount of, and any 

factors associated with LBP that 

began during intercollegiate 

rowing. 
 

Risk factors included age, rowing 

history before 16 years old, hatchet oar 

use, free weight training, weight 

machines, and ergometer particularly 

lasting >30 min. 

“…back pain defined as pain that 

lasted at least 1 week”. 
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Thornton et al91 
- -  Non-specific review outlining 

injuries affecting rowers. 

Largest injury risk factor seen was a 

swift increase in training frequency, 

intensity and/or volume. 

No definition given. 

Trease et al93 
 

153 elite rowers. 
 

To outline the epidemiology of 

injury and illness in elite rowers. 
 

Lumbar spine most commonly injured 

region. Dynamic ergometer use 

associated with decreased incidence 

and burden of LBP. 

“Injury or illness defined as any 

episode that resulted in the athlete 

being unable to fully participate in 

on-water rowing training or 

competition... for a period over 24 

hours”. 

Trompeter et al95 
 

- -  Systematic review of literature 

observing prevalence of back pain 

in athletes and the general 

population. 

• Lower back most common region of 

pain. Highest point prevalence of LBP 

in rowing. 

No definition given.  

Verrall and 

Darcey97 

12 international-level 

rowers and 45 

national-level rowers. 

To assess major injuries to rowers 

during high performance five-year 

training period and whether any 

relationship exists between 

training level and injuries. 

National level rowers more likely to 

have an episode of LBP compared with 

international rower. 

“Lower back injuries defined as 

lower back pain causing the rower 

to cease training”. 

Wilson et al102 

20 international rowers 

(8 female, 12 male). 

To investigate injury in 

international rowers to identify an 

injury profile and investigate 

patterns in training and 

competition to establish associated 

risk factors. 

• Mean injury rate 3.67 per 1000 

exposure hours. 44 total injuries 

reported in 12-month period. 

Ergometer training load associated 

with injury risk. 

“Injury was defined as a problem 

that caused the athlete to miss: At 

least one competition OR At least 

two training sessions OR Required 

at least one visit to a health 

profession of treatment.” 
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Wilson et al104 
 

- -  To view factors that may be 

correlated with LBP onset in the 

rowing population. 

Most significant risk factors found in 

studies; LBP history and volume of 

training using ergometer.  

No definition given.  

Biomechanics (n=42) 

An et al3 

25 experienced rowers. Examining reaction force of lower 

limb in rowers with or without 

back injury history. 

No remarkable asymmetry seen 

between injured and healthy rowers. 

“All recruited injured rowers 

reported nociceptive sensation at 

the lumbar or thoracic spine 

during rowing that resulted in 

cessation of training for at least 7 

days within 12 months before data 

collection, complying with the 

definition in Noyes, Lindenfeld, 

and Marshall (1988).” 

Arumugam et al6 See Epidemiology.    

Buckeridge et al10 

12 elite female rowers. To create an inverse dynamics 

model to view the influence of 

incremental stroke rates on 

biomechanics of the lower limb 

and lumbar-pelvic region. 

Great shear and compressive forces 

seen at L5/S1 and increased with 

stroke rate occurring simultaneously 

with increases in lumbar-pelvic flexion 

may have implications for injury.  

No definition given. 

Buckeridge et al11  

22 male rowers (six 

novice, eight club 

level, eight elite). 

To assess symmetry of the lower 

limb movement using an 

ergometer and determine reasons 

for deviations from symmetry. 

All groups showed asymmetry in lower 

limb movement. Hip asymmetries were 

greater than knee asymmetries. 

Increase in work rate caused increase 

in lumbar-pelvic flexion at catch and 

No definition given. 
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reduced lumbar-pelvic flexion at 

finish.  

Burnett et al12 

18 adolescent female 

rowers. 

To ascertain if the lower lumbar 

axial rotation (L3-S2) range is 

lessened in end-range flexion and 

extension compared to a neutral 

spine. 

Lower lumbar axial rotation was 

reduced in both end-range flexion and 

extension. 

No definition given. 

Caldwell et al13 

16 adolescent rowers 

(eight female, eight 

male). 

To assess changes in flexion of the 

lumbar spine with muscle activity 

levels of erector spinae during a 

rowing trial. 

Lumbar flexion greatly increased 

throughout rowing trial along with 

increases in electromyographic activity 

of iliocostalis lumborum, longissimus 

thoracis and lumbar multifidus 

muscles.  

No definition given. 

Chan15 
32 male collegiate 

rowers. 

 

To determine trunk muscle 

isometric endurance times of 

healthy rowers. 

Trunk flexors had the best endurance 

time. No significant contrast observed 

between lateral flexors left and right. 

No definition given. 

Clay et al16 

37 female collegiate 

rowers (including four 

coxswains). 

To ascertain if scores of the FMS 

can predict injury incidence 

including LBP in female collegiate 

rowers. 

FMS scores indicated rowers with a 

high risk of injury had a higher 

probability of experiencing LBP. 

However, the results were not 

statistically significant. Years of 

rowing was a component in the higher 

risk participants. 

"An injury defined as an incident 

that prevents the participant from 

practice for at least one day”. 
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Davis et al19 
- -  To provide an updated review of 

literature on thoracic injury and 

management in rowers. 

Prevalence of back pain increasing. 

Further research needed to determine 

role of individual muscles. 

No definition given. 

Dehner et al20 

13 elite adolescent 

rowers (eight females, 

five males). 

To investigate whether a device-

assisted training program causes 

the multifidus muscle to increase 

its microcirculation and muscle 

performance, resulting in a 

reduction of exercise-associated 

LBP.  

The training program resulted in an 

improvement in exercise level in the 

multifidus muscle and a reduction of 

patient's pain symptoms.  

No definition given. 

Dehner et al21 

14 elite rowers and 16 

healthy volunteer 

athletes. 

To observe the hypothesis that 

exercise-induced LBP in rowers 

was due to chronic functional 

compartment syndrome of the 

multifidus muscle. 

Results cannot be adequately explained 

using the chronic functional 

compartment syndrome and other 

factors may have an impact on pain 

generation during exercise. 

No definition given. 

Fohanno et al29 

Ten international male 

rowers. 

To make a comparison between 

the asymmetries in lower limb 

joint biomechanics and foot force 

production concerning ergometer 

type and rowing intensity. 

Kinetic asymmetry neither correlated 

to kinematic asymmetry nor lower 

limb length asymmetry. 

No definition given. 

Gibbons31 

One elite male rower.  To illustrate the role of gluteus 

maximus in LBP in a rower. 

The rower’s gluteus maximus muscles 

were misfiring, reducing the efficiency 

of the posterior oblique sling. This may 

predispose the SIJs to injury. 

No definition given. 
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Gill et al32 

30 collegiate rowers 

(13 female, 17 male). 

To view abdominal musculature of 

oar side compared with non-oar 

side in collegiate sweep rowers. 

Additionally, to view any 

interaction between muscle 

thickness symmetry and gender, 

back pain history and rowing 

experience. 

Absence of clinically significant 

difference seen between thickness of 

muscles (transversus abdominus, 

internal oblique or external oblique) on 

oar side compared with non-oar side. 

No definition given. 

Gonzalez et al34 

31 national female 

collegiate rowers. 

To assess the utility of the FMS in 

picking out rowers vulnerable to 

experience LBP. 

Caution would be justified when 

employing the FMS cut-off score due 

to its small increase in risk and wide 

confidence interval.  

No definition given. 

Holt et al41 

13 elite male national 

and international 

rowers. 

To observe spinal kinematic data 

of the rowing technique to identify 

injury mechanism. Additionally, to 

view how technique changes over 

a prolonged ergometer rowing 

session. 

An in-depth report of each stage of the 

rowing stroke created. Prolonged 

rowing led to greater ranges of 

movement through the lumbar spine. 

This deterioration of technique may 

have an impact on LBP onset. 

No definition given. 

Howell43 See Epidemiology.    

Klein et al48 

25 collegiate male 

rowers. 

To differentiate ability of 

traditional tests for mobility of the 

spine and strength of trunk 

extensors to recognize LBP in 

rowers. 

Commonly used evaluative techniques 

of measurement of spinal mobility and 

muscle strength testing was not 

accurate in recognizing rowers with or 

without LBP. 

No definition given. 
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Koutedakis et al49 

89 competitive rowers 

(41 female and 48 

male). 

To analyze a possible relationship 

between knee flexion to extension 

peak torque ratios and low back 

injuries in highly active males and 

females. 

The lower the knee flexion to 

extension peak torque ration the larger 

the degree of low back injury. 

No definition given. 

MacManus et al52 

Seven (six male) non-

elite rowers (reliability 

study).  

11 senior/elite male 

rowers (cross-sectional 

study). 

To ascertain the effectiveness of 

observing lumbo-pelvic 

kinematics throughout rowing on 

the ergometer. Additionally, to 

view changes in lumbo-pelvic 

kinematics during rowing as well 

as between rowers with and 

without LBP. 

No remarkable variability in lumbo-

pelvic kinematics between groups or 

across stages of the test. 

No definition given. 

Martinez-Valdes et 

al53 

18 club and 

international rowers (5 

female and 13 male). 

To observe the spatial distribution 

of erector spinae muscle activity in 

rowers experiencing or not 

experiencing LBP. 

Rowers with a recent history of LBP 

had altered magnitude of activation 

and distribution of erector spinae 

muscle activity.  

No definition given. 

Mattes and Wolff55 

32 high performance 

junior rowers 

(16 female, 16 male). 

To observe the asymmetry of the 

stretcher force of rowers while 

racing and training on-water. 

Female rowers showed a higher 

symmetry index of stretcher force. 

Asymmetry decreased with increasing 

stroke rate but increased as fatigue set 

in throughout the race.  

No definition given. 

Mattes and Wolff56 
30 elite rowers. To observe a difference between 

left and right for scullers and 

inside vs outside leg asymmetry 

Scull rowers showed higher left 

stretcher force. Sweep rowers showed 

higher force of the outside leg on the 

No definition given. 
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for sweep rowers on ergometer 

rowing and in strength test. 

ergometer but non-significant on the 

leg press.  

McGregor57 

 

- -  An invited review to observe 

influences on LBP injury rate in 

rowers and where strategies can be 

implemented to prevent this.   

Various factors named to potentially 

influence LBP status in rowers 

including lumbopelvic motion, muscle 

strength and an adequate warm up. 

“Injury was recorded if the athlete 

had: missed at least one 

competition OR at least two 

training sessions OR required at 

least one visit to a health 

professional for treatment”. 

McGregor et al58 

20 elite male rowers. 

 

To explore intersegmental lumbar 

spine movement and pelvic motion 

in rowers with and without LBP. 

Rowers with no history of LBP 

showed the largest amounts of 

movement in the lower lumbar spine. 

“LBP defined as pain experienced 

in the lumbar spine with or 

without radiation to the buttock; 

subjects with sciatica were not 

included in this study”. 

McGregor et al59 

22 elite male rowers.  To measure muscles in the lumbar 

spine (multifidus, iliopsoas, and 

erector spinae) during simulated 

rowing in rowers experiencing or 

not experiencing LBP. 

Trunk muscles of elite rowers 

experiencing LBP were markedly 

larger in a cross-sectional area. 

No definition given. 

McGregor et al60 

Ten collegiate male 

rowers.  

To assess whether different 

training intensities during 

ergometer rowing had effects on 

spinal kinematics. 

Less anterior rotation of the pelvis was 

seen at the catch position while rowing 

at higher intensities. 

No definition given. 

McGregor et al61 
12 elite female rowers. To view kinematics of the lumbar 

spine and pelvis during a routine 

incremental “step test”. 

Decreased anterior pelvic rotation at 

the catch along with less lumbar 

No definition given. 
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rotation and larger extension at the 

finish. 

Newlands et al64 See Epidemiology.    

Ng et al65 

20 adolescent male 

rowers.  

To explore whether LBP intensity 

increases in rowers experiencing 

LBP during ergometer rowing and 

to observe whether there are 

differences in lumbar kinematics 

in rowers experiencing or not 

experiencing LBP. 

Kinematic differences are present 

between adolescent male rowers 

experiencing or not experiencing LBP 

including greater ranges of upper 

lumbar spine flexion during the drive 

phase in rowers experiencing LBP. 

 

No definition given. 

Ng et al66 

36 adolescent male 

rowers. 

To assess the success of a 

cognitive functional approach to 

reduction of LBP in adolescent 

male rowers. 

The intervention group showed 

decreased pain levels during ergometer 

rowing as well as decreased disability 

at a 12-week follow-up. Additionally, 

higher levels of lower limb muscle 

endurance were observed. 

No definition given.  

O’Sullivan et al69 

18 international and 

national rowers.  

To produce a model exploring 

biomechanics of the repetitive 

rowing stroke and to use this 

model to assess whether the 

rowing stroke is positively 

correlated with LBP incidence.  

Rowing technique showed different 

patterns between rowers and found a 

strong connection with LBP incidence. 

No definition given. 

Özdinçler et al72 
22 rowers (> 6 months 

experience) 

(6 female, 16 male). 

To make a comparison between 

acute effects of two different 

No difference between the different 

techniques. No significant change 

found in pain. Kinesiotaping showed 

No definition given. 
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applications in rowers with tight 

hamstrings.  

decreased tightness through the sit and 

reach test.  

Parkin et al73 

19 male rowers and 20 

non rowing controls. 

To outline any strength asymmetry 

of the leg and trunk muscles in 

rowers vs controls. 

 No significant difference was found 

between the groups for isokinetic and 

isometric strength of the hamstring and 

quadriceps muscle groups. 

No definition given. 

Perich et al74 

90 adolescent female 

rowers and 131 

adolescent controls.  

To assess whether a 

multidimensional intervention 

program could be useful in 

decreasing LBP incidence. 

The intervention group showed lower 

incidence of LBP during mid- and end-

season and improved fitness levels. 

No definition given. 

Pollock et al76  

Nine elite female 

rowers.  

To distinguish the 

electromyography of trunk 

muscles with kinematics of the 

pelvis and spine during the rowing 

stroke of elite female rowers.  

Trunk muscles showed similarities in 

timing of activation with minimal 

coactivation of flexors and extensors. 

No definition given. 

Retailleau et al78 
Three national rowers 

(one female, two 

male). 

To view the kinematics of the low 

back muscles during rowing. 

Sit and reach test not an appropriate 

estimate of low back muscles 

maximum passive length.  

No definition given.  

Roy et al79 

23 elite collegiate male 

rowers. 

To ascertain the use of 

electromyography in identifying 

rowers with LBP using erector 

spinae muscle. 

All rowers with LBP correctly 

identified. Suggests utility of muscle 

fatigue and recovery measurements as 

identifiers for clinical LBP. 

“To be classified as having LBP, a 

subject must have reported a 

single or recurring incidence of 

LBP during the past year which 

interfered with activities of daily 

living, including rowing or 

training activities”. 
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Strahan et al87  

Ten high-level rowers. To assess whether spinopelvic 

kinematic differences are present 

in high-level rowers not 

experiencing LBP in both sweep 

and scull ergometer rowing.  

Both sweep and scull rowing displayed 

close to end of range flexion through 

the lower lumbar spine at the catch and 

early drive phases. Sweep rowing 

showed increased lateral bend 

throughout stroke.  

No definition given. 

Stutchfield and 

Coleman88 
See Epidemiology.    

Wilson et al103 

19 elite male rowers. To compare lumbar spine motion 

in a sagittal plane during 

ergometer rowing and single scull 

rowing. Comparisons made 

between maximum voluntary 

lumbar spine flexion. Further to 

assess result of fatigue on sagittal 

plane motion in the mid-lumbar 

spine. 

Ergometer rowing showed a greater 

range motion of lumbar spine than 

rowing in a boat. Changes in lumbar 

spine movement during ergometer 

rowing may be linked to LBP. 

No definition given.  

Wilson et al105 

12 elite male rowers. To explore the amount the lumbar 

spine shifts in the frontal plane 

during ergometer rowing as well 

as the effects of exhaustion and 

stroke rate on changes to lumbar 

spine movement in the frontal 

plane.   

Increasing stroke rate was a significant 

predictor for increasing angle of the 

lumbar spine. Effect of exhaustion not 

confirmed. 

No definition given.  

Biopsychosocial (n=5) 
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Ca eiro et al14 

One adolescent club-

level male rower. 

To present a case report showing 

use of cognitive functional therapy 

for LBP management. 

Pain while ergometer rowing was 

reduced as well as functional disability. 

Lower limb and back muscle 

endurance improvements were 

reported. 

No definition given. 

Ng et al66 See Biomechanics.     

Perich et al74 See Biomechanics.    

Thorpe et al92 

82 adolescent female 

rowers. 

To assess effectiveness of a 

specific physiotherapy 

intervention aimed to reduce LBP 

and disability in adolescent female 

rowers. 

The intervention showed a 

significantly lowered LBP prevalence 

through the rowing season.  

“Prevalence of LBP was defined 

as pain intensity of a VAS score 

greater than 1, to eliminate low 

levels of discomfort associated 

with rowing and muscle fatigue”. 

Wilson et al106 

25 senior rowers (12 

female and 13 male). 

To investigate the lived experience 

of senior rowers with LBP related 

to their rowing. 

A culture of concealment of pain was 

discussed as well as fear and isolation.  

LBP defined as “a pain, ache or 

discomfort in the low back with or 

without referral to the buttocks or 

legs that has been or was present 

for more than 1 week and/or 

interrupted at least one training 

session”. 

Miscellaneous (n=6) 

Boland and Hosea9 
- -  To explore rowing techniques, 

conditions and injuries in senior 

rowers. 

The back and knees are most 

commonly injured areas.  

No definition given. 
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Devereaux and 

Lachmann22 

- -  To observe the results of athletes 

after attending a sports injury 

clinic. 

Athletes found benefit from visiting 

the clinic.  

No definition given. 

Goldstein et al33 

One adolescent male 

rower. 

To view the success of direct pars 

osteosynthesis using CT 

navigation with a curvilinear 

subspinous modular link for repair 

of spondylolysis in an adolescent 

male rower. 

The treatment was effective for pars 

fracture that preserved the native facet 

joint. The patient returned to rowing 

and all sporting activities with no 

restrictions and no LBP. 

No definition given. 

Reid and McNair77 

- -  To establish factors that may 

affect LBP onset. 

The repetitive movement along with 

the great forces involved in the rowing 

stroke cause potential for lumbar spine 

injury.  

No definition given. 

Smoljanovic et al83 

- -  To examine the viability of 

increasing adaptive rowing race 

distances to 2000 meters from a 

sports injury and health 

perspective.  

No contraindications for adaptive 

rowing events of 2000 meters based on 

the current literature review.  

No definition given.  

Stallard86 
- -  To investigate back pain among 

rowers. 

Complaints of back pain in rowers is 

increasing suggesting it may be related 

to the modern style of rowing.  

No definition given.  
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Appendix A: Search Strategy 

Keyword search 

• Low back pain 

• Low back injury 

• Lumbar injury 

• Rowing 

• Rower 

Initial search terms and key phrases  

Initial searchers were undertaken in order to survey the available literature and to arrive at a search 

syntax for the present project that would maximally capture the available literature and be feasible 

for a research project of 90 credits. The following search terms were gathered from the listed key 

words of relevant journal articles and relevant terms in the MeSH database.  

 

Title and/or abstract must include any combination of: 

low back pain, low back injury, lumbar pain 

AND 

rowing, rower 
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Table showing the initial electronic search strategy executed in PubMed (04/06/2020) 

for preliminary syntax check 

Sample search syntax Database  Yield  

Rowing AND Low back pain   PubMed 1609 

Rowing injuries AND low back pain  PubMed 915 

Row* AND injur* AND low back pain  PubMed 226 

Row* AND injur* AND lumbar pain  PubMed 92 

Row* AND injur* AND back pain  PubMed 390 

 

Rationale for search strategy selection 

The initial search strategy was wide cast and included any injury or pain in the low back. The final 

search syntax that was utilised for the present study included: “low back pain AND rowing”, “low 

back pain AND rower”, “low back injury AND rowing”, “low back injury AND rower”, “lumbar 

injury AND rowing” and “lumbar injury AND rower”. 
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Final search strategy 

Database: PUBMED 

Date: 21/08/2020 

#Search (low back pain AND rowing) 

#Search (low back pain AND rower) 

#Search (low back injury AND rowing) 

#Search (low back injury AND rower) 

#Search (lumbar injury AND rowing) 

#Search (lumbar injury AND rower) 

Sort by: Relevance Filters: Humans 

The search strategy was adapted to ScienceDirect and Ebsco health database (Academic Search 

Complete, The Allied and Complementary Medicine Database, CINAHL with Full Text, Health 

Business Elite, Health Source: Nursing/Academic Edition, LGBT Life with Full 

Text, MasterFILE Premier, MEDLINE with Full Text, Psychology and Behavioural Sciences 

Collection, SocINDEX with Full Text, SPORTDiscus with Full Text). 
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Table showing an overview of the final search strategy 

Date of retrieval  Search syntax Database  Yield 

21/08/2020 Low back pain AND rowing PubMed  92 

21/08/2020 Low back pain AND rower PubMed 42 

28/08/2020 Low back injury AND rowing PubMed 52 

28/08/2020 Low back injury AND rower PubMed 33 

21/08/2020 Lumbar injury AND rowing PubMed 69 

21/08/2020 Lumbar injury AND rower PubMed 30 

21/08/2020 Low back pain AND rowing Ebsco 70 

21/08/2020 Low back pain AND rower Ebsco 68 

21/08/2020 Low back injury AND rowing Ebsco 15 

28/08/2020 Low back injury AND rower Ebsco 15 

25/09/2020 Lumbar injury AND rowing Ebsco 26 

25/09/2020 Lumbar injury AND rower Ebsco 18 

21/08/2020 Low back pain AND rowing Science Direct 124 

21/08/2020 Low back pain AND rower Science Direct 53 

28/08/2020 Low back injury AND rowing Science Direct 16 

28/08/2020 Low back injury AND rower Science Direct 10 

25/09/2020 Lumbar injury AND rowing Science Direct 189 

25/09/2020 Lumbar injury AND rower Science Direct 80 

   TOTAL: 1002 
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Appendix B: Screening Template 

Screening Questions and Inclusion Criteria were the following: 

Does the title/abstract/keywords include any combination of search terms? 

AND 

Does the study report on low back pain in the context of the sport of rowing? 

 

Exclusion criteria were as follows:  

Studies investigating other water sports not specified to be rowing 

Studies not specified to be investigating the region of the low back 

Studies published in the grey literature 
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Appendix C: Interrater Agreement 

Definitions for level of 

agreement 

               Kappa 

Range                       Definition 

< 0                            Less than 

chance 

0.01-0.20                          Slight 

0.21-0.40                       Moderate 

0.61-0.80                      Substantial 

0.81-0.99                     Near 

perfect 

 

Fleiss’ Kappa   

Fleiss’ Kappa  Observed 

Agreement 

Expected 

Agreement 

0.625             0.889 0.704 
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Appendix D: Definition of Themes 

This appendix provides the detailed parameters of each theme.  

Epidemiology 

Epidemiology of low back pain (LBP) has been explored through information gained from rowers 

or from the literature. Studies in this category commonly employed questionnaires retrospectively 

and prospectively to gain information to map the effect of LBP on rowers. Information gathered 

includes the rate of injury per training hours or per training sessions, aggravating factors, and 

potential influence of rowing discipline/training type. These papers largely map the prevalence 

and incidence of LBP across many different demographics and countries. Sub-themes were 

created in order to further categorise papers. Sub-themes included aggravating factors, sex 

differences, incidence, prevalence, previous injury, and time off for injury. Aggravating factors 

considered factors recognised within the papers that were identified to put a rower at risk of LBP. 

Sex differences observed whether there were differences in LBP for female and male rowers. 

Incidence referred to the rate at which rowers developed LBP during a specific time period while 

prevalence referred to the number of rowers that had LBP during a specific time period. Previous 

injury recognised studies that identified a potential impact created by previous injury on future 

episodes of LBP. Finally, time off for injury discussed the time taken away from rowing training 

or competition as a result of LBP. Papers were not limited to one sub-theme and could be included 

in any of the sub-themes dependant on the topics covered within the paper.  

 

Biomechanics 

The studies within the biomechanical theme assessed the movement involved in the rowing stroke. 

Sub-themes included spinal mobility, muscular contribution, force produced by the lower 

extremity, and pre-participation evaluation tools. Spinal mobility assessed how much movement 

is accessed through the rowing stroke and if this impacts on production of or increase in LBP. 

Muscular contribution looked at different muscles involved in the rowing stroke and assessed 

various factors such as activation, symmetry between either side, and trunk flexor/extensor ratios. 

Force produced by the lower extremity observed if there is symmetry between the lower 
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extremities through the phases of the rowing stroke as well as between the rowing disciplines. 

Finally, pre-participation evaluation tools have been employed in order to assess whether there are 

predictors of injury that may be uncovered through movement screening. All of these 

investigations of biomechanics aimed to provide information to create movement patterns 

associated with rowers having LBP or without LBP.  

 

Biopsychosocial 

These papers explore not only the mechanical but additionally the psychosocial influences on LBP. 

These studies explored the impact that LBP may have on a rower’s mental health as well as social 

impacts of LBP between team members and with coaches. Some papers added back pain education 

into the management of LBP to assess its influence on resolution or decreasing LBP symptoms.    

 

Miscellaneous 

These papers fit the criteria of the study, however, once reading them fully it became apparent that 

they do not answer the research question. They satisfy the inclusion criteria, but the main objective 

does not focus on LBP in rowing. Therefore, they are in their own category of miscellaneous 

studies.  
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