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Biomechanical parameters of the golf swing associated with lower back pain: 
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ABSTRACT
Low back pain (LBP) is the most common injury in golfers of all abilities. The primary aim of this review was to 
improve understanding of human golf swing biomechanics associated with LBP. A systematic review using 
the PRISMA guidelines was performed. Nine studies satisfying inclusion criteria and dually reporting golf swing 
biomechanics and LBP were identified. Human golf swing biomechanics potentially associated with LBP 
include: reduced lumbar flexion velocity; reduced transition phase length; reduced lumbar torsional load; 
earlier onset of erector spinae contraction; increased lumbar lateral flexion velocity; reduced or greater erector 
spinae activity; and earlier onset of external oblique contraction. These potential associations were under-
mined by a very limited and conflicting quality of evidence, study designs which introduced a severe potential 
for bias and a lack of prospective study design. There is no conclusive evidence to support the commonly held 
belief that LBP is associated with “poor” golf swing technique. The potential associations identified should be 
further investigated by prospective studies of robust design, recruiting participants of both sexes and 
dexterities. Once firm associations have been identified, further research is required to establish how this 
knowledge can be best integrated into injury prevention and rehabilitation.

KEY POINTS
● LBP has the highest incidence of any injury in elite, sub-elite and recreational golfers, causing 

a significant burden of injury worldwide.
● There is very limited and conflicting evidence that some human biomechanical factors in the golf 

swing may be associated with LBP.
● Prospective studies investigating the full movement pattern are required in order to improve under-

standing of the potential relationship between the biomechanics of the golf swing and LBP.
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1. Introduction

LBP represents a spectrum of disorders encompassing bony, 
musculotendinous, ligamentous and joint-related injuries, in 
addition to non-specific pain of no clear aetiology (Knezevic 
et al., 2021). The repeated application of mechanical stress has 
been associated with LBP, and demonstrable structural tissue 
changes have been reported in people with LBP, including 
degeneration of the lumbar facet joints, intervertebral disc 
degeneration, fascial contusion, localised tissue exudate accu-
mulation and atrophy of the lumbar musculature (Goubert et al.,  
2016; Mohd Isa et al., 2022; Song et al., 2023).

The golf swing is a synchronous series of complex asymmetric 
movements. It can be generally described in four distinct phases: 
setup, the backswing, the downswing and the follow-through 
(Bourgain et al., 2022). During setup, the golfer establishes proper 
posture, balance and alignment, with the lumbar spine stationary 
in flexion. The backswing begins with the first movement of the 
clubhead away from the ball, moving the lumbar spine into rota-
tion towards the trail side (Hume et al., 2005). The downswing is 

marked by a distal to proximal sequence generating movement of 
the clubhead towards the golf ball; the lumbar spine rapidly 
rotates through neutral into rotation towards the lead side and 
moves into lateral flexion towards the trail side (Cole & Grimshaw,  
2016). This exposes the lumbar spine to significant compressive, 
rotational and shearing forces (Edwards et al., 2020). The follow- 
through spans impact through to completion of the golf swing, 
with the lumbar spine exposed to further force post-impact as the 
golfer decelerates (Edwards et al., 2020).

LBP accounts for approximately 25% of all injuries in golfers 
(Cole & Grimshaw, 2016; Gosheger et al., 2003; McCarroll et al.,  
1990; A. J. McHardy et al., 2007; M. F. Smith & Hillman, 2012), 
establishing it as the injury with the highest incidence amongst 
the 60–80 million golfers worldwide (The Royal and Ancient,  
2015; Sports Marketing Surveys, 2021). The prevalence of LBP 
ranges from 12% to 27% in recreational golfers, rising to 40–58% 
in elite golfers (Batt, 1992; Burdorf et al., 1996; Gulgin & 
Armstrong, 2008; J. A. Smith et al., 2018). This equates to 
a potential global burden of LBP in golfers of up to 21.6 million 
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people. Knowledge of the prevention and management of LBP 
would support a reduction in the burden of injury to which golf 
may contribute, and inform the rehabilitation of injured golfers.

Golf provides health enhancing physical activity, is asso-
ciated with increased longevity, can have positive effects on 
stress and anxiety, and provides risk reduction for many com-
mon preventable conditions, amongst other reported health 
benefits (Belanger et al., 2013; Cabri et al., 2009; Ekeland et al.,  
2005; Gao et al., 2011; Murase et al., 1989; A. D. Murray et al.,  
2017; Palank & Hargreaves Jr, 1990; Parkkari et al., 2000; Quirk 
et al., 2020). Continued participation in golf is possible into later 
life, thereby providing benefits from physical activity through 
golf beyond the timeframe possible in many other sports 
(A. D. Murray et al., 2017). Improved understanding of the 
associations between LBP and golf may facilitate continued 
participation, maximising the health benefits golf provides.

Injury has further implications for professional athletes. Time 
spent side-lined by injury translates to lost income, underperfor-
mance and missed accolades. For those on the peripheries, injury 
may pose a threat to their status as a professional altogether. The 
availability of headline golfers is a major driver of revenue, interest 
and the success of individual tour events (Chung et al., 2013). 
Effective prevention of LBP would increase the availability of elite 
golfers for competition. This is central to the interests of the indivi-
dual athlete, governing bodies and the golf industry as a whole.

Successful golf injury risk reduction strategies demand 
a thorough understanding of the risk factors associated with 
injury. Several explanations for the disproportionate prevalence 
of LBP in golfers have been proposed, including anthropo-
metric risk factors (Burns et al., 2016; Evans et al., 2005; Vad 
et al., 2004), excessive repetition of the swing (McCarroll & Gioe,  
1982; A. McHardy et al., 2007), failure to adequately warm-up 
(Fradkin et al., 2007; Gosheger et al., 2003) and biomechanics of 
the golf swing (Edwards et al., 2020; J. A. Smith et al., 2018). 
There is no consensus on which factors are most associated 
with an increased risk of LBP, nor consideration of which factors 
could be most readily modified.

In this review, we aimed to improve the understanding of 
biomechanical factors of the golf swing that are associated with 
LBP. This review will focus on human biomechanical para-
meters of the golf swing. Other kinetic variables describing 
the golf club during the swing will not be considered, as 
these are generated as a consequence of human biomechanics, 
and are therefore removed from the somatic movements 
potentially associated with increased risk of LBP by at least 
a degree. Swing biomechanics may be the modifiable risk 
with the greatest impact on LBP prevention, due to the sig-
nificant lumbar compressive, rotational and shearing forces 
generated during the golf swing (Edwards et al., 2020). 
Identification of potentially modifiable risk factors, such as 
golf swing biomechanics, provides targets for prevention and 
rehabilitation of LBP in golfers.

2. Methods

A literature review was conducted according to the PRISMA 
statement for reporting systematic reviews. The checklist is 
shown in Online Supplementary Material 1 (Page et al., 2021).

2.1. Eligibility criteria

All primary research reporting analysis of the human biome-
chanics of the golf swing and the presence of LBP was included 
for further analysis. The term “lower-back” was not defined and 
synonyms such as lumbar, lower spine or sacral were accepted. 
Any method of pain reporting and quantification was accepted. 
All domains of biomechanical measurement were considered 
including kinetic, kinematic and electromyographical techni-
ques. Only English language publications were included.

Any study that did not investigate pain and motion was 
excluded. Demographic characteristics of trial populations, 
including age, golfing ability, significant past medical history 
and concurrent morbidity, were not used as a basis for exclu-
sion. No exclusions were made according to experimental 
methodology. No restrictions were placed on publication date 
or study design. No as-yet unpublished data were considered.

2.2. Information sources

Electronic databases searched were Medline (1966–present), 
Web of Science Core Collection (1970–present), Cochrane 
Central Register of Controlled Trials (1900–present), Scopus 
(1960–present) and Embase (1966–present). The search plat-
forms selected were PubMed, Web of Science, Cochrane 
Library, Scopus and Embase, for each database, respectively. 
The literature search was completed on 6 February 2021 and 
updated on 7 April 2022 and on 6 June 2023, according to the 
guidance laid out by W. Bramer and Bain (2017) and 
W. M. Bramer et al. (2016). Reference lists of included studies 
were scanned for relevant studies.

2.3. Search strategy

After initial scoping searches and discussion between the 
authors, the following index terms were selected: golf* AND 
(back OR lumbar OR spine). The terms used were broad to 
maximise inclusivity. No adaptation of terms or format was 
required between search platforms.

2.4. Selection process

Following completion of the literature search, MW and SM 
independently conducted an eligibility assessment according 
to the pre-determined criteria by use of title and abstract 
screening, using the Rayyan reference screening software 
(Ouzzani et al., 2016). Disagreements were discussed, and in 
the event a consensus could not be reached the study pro-
ceeded to full-text analysis. Studies selected for full-text analy-
sis were sourced. Where full-text versions could not be sourced, 
studies were excluded. All included studies were analysed by 
both MW and SM.

2.5. Data collection process

Nine papers meeting the criteria were analysed indepen-
dently by MW and SM. Prior to data collection, a results 
table was devised to support systematic analysis of all 
relevant information. This table is provided in Online 
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Supplementary Material 2. Results were compared between 
the two authors, and a consensus was met on any point of 
disagreement.

2.6. Data items

Information extracted from each of the selected studies 
comprised: demographic characteristics of the study popu-
lation, including handedness and golfing ability; definition 
of pain required for inclusion in the LBP group; type of 
biomechanical technique and the outcomes measured; test-
ing protocol; all relevant biomechanical outcome measures 
that were compared between LBP and control groups; and 
the limitations of each study. After beginning the extraction 
process, this was refined to include anatomical landmarks 
used in gathering kinematic and EMG data, due to observed 
variation in procedure between studies. Study design was 
determined using the National Institute for Health and Care 
Excellence (NICE) algorithm for classification of quantitative 
study designs (National Institute for Health and Care 
Excellence, 2012).

2.6.1. Elite and sub-elite golfers
The recently published International Consensus Statement by 
the International Golf Federation (IGF) (A. Murray et al., 2020) 
defines elite golfers as “professional players competing on 
tour or amateurs competing in international/national amateur 
championships”. The same publication defines sub-elite gol-
fers as “PGA teaching professionals, amateurs competing in 
regional/county/state tournaments or with handicap ≤ 5”, and 
recreational golfers as those with a handicap greater than 
five. It is possible that these cohorts may be exposed to 
distinct risk factors from one another. Therefore, we com-
pared potential differences in the biomechanical associations 
with LBP in recreational and elite and sub-elite golfers by 
grouping studies according to golfing ability.

2.7. Study risk of bias assessment

Risk of bias was assessed independently by MW and SM using 
the ROBINS-I tool for cohort-type studies (Sterne et al., 2016). 
This tool was selected following full-text screening, due to 
the inclusion of only prospective cohort and retrospective 
case-control studies in the review. ROBINS-I provides 
a structured assessment of the risk of bias in a single study 
across multiple domains, and gives a framework to determine 
the overall risk of bias. MW and SM assessed each of the nine 
studies included across these individual domains, and used 
the results of this assessment to assign an overall risk of bias 
to each study.

2.8. Effect measures

We calculated the standardised mean difference (SMD) 
Cohen’s D for each relevant outcome measure. As there 
are no alternative suggested thresholds for classification of 
Cohen’s D in relation to back pain impacting on the bio-
mechanics of the golf swing, we utilised the general thresh-
olds originally suggested (Cohen, 1988). Specifically, no 

effect (SMD ≤ 0.2), small effect (SMD 0.2–0.5), moderate 
effect (SMD 0.5–0.8) and large effect (SMD > 0.8) were 
used for descriptive purposes.

2.9. Synthesis methods

Prior to data extraction, we had planned to undertake 
a meta-analysis. However, due to the heterogeneity of the 
methodologies employed, outcome measures reported and 
participants included, it was not appropriate to pool find-
ings from across studies in a meta-analysis. Alternatively, we 
have presented the main findings from the individual stu-
dies in an evidence gap map (White et al., 2020). This 
summarises the findings and allows us to demonstrate the 
level of evidence across the different outcome measures 
and methodologies.

2.10. Certainty assessment

The level of evidence provided by the studies was indepen-
dently assessed by MW and SM, using the five criteria 
specified by GRADE (study limitations, consistency of effect, 
imprecision, indirectness and publication bias) (Guyatt et al.,  
2008). Level of evidence was then qualified according to the 
following definitions: strong evidence (multiple studies with 
a low risk of bias reporting homogenous outcomes); mod-
erate evidence (multiple studies reporting homogenous 
outcomes, at least one of which has a low risk of bias); 
limited evidence (a single study with a low risk of bias, or 
multiple studies with a moderate risk of bias reporting 
homogenous outcomes); very limited evidence (a single 
study with a moderate risk of bias); and conflicting evi-
dence (heterogenous outcomes reported between studies) 
(van Tulder et al., 2003).

3. Results

3.1. Study selection

The initial search identified a total of 1805 studies (Figure 1). 
Following the exclusion of duplicates, 872 studies progressed 
to manual screening by title and abstract. A total of 724 of these 
did not meet the criteria for inclusion.

In total, 140 papers were selected for full-text eligibility 
assessment. Nine were identified as satisfying the inclusion 
and exclusion criteria of this review. There were two occasions 
on which studies by the same group of researchers published 
within the same year were included in the review. They are 
referred to as (a) Cole and Grimshaw (2008b) and Cole and 
Grimshaw (2008a) and Quinn, Olivier, McKinon and Dafkin 
(2022) and (b) Quinn, Olivier and McKinon (2022) hereafter.

3.2. Study characteristics

Seven of the nine studies included in the review were case- 
control, comparing groups with pain to groups without, and 
dually reported pain and quantifiable biomechanical swing para-
meters as primary outcomes (Cole & Grimshaw, 2008a, 2008b,  
2014; Horton et al., 2001; Lindsay & Horton, 2007; Sim et al., 2017; 
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Tsai et al., 2010). The remaining two studies were prospective 
cohort studies, comparing baseline biomechanical swing para-
meters between golfers with and without LBP after a six-month 
follow-up period (Quinn, Olivier, & McKinon, 2022; Quinn, Olivier, 
McKinon, & Dafkin, 2022). Primary outcomes reported varied 
between studies (Table 1).

The number of swings and the methods by which swings 
were selected for analysis varied between studies. Only one 
study selected swings to be included for analysis using pre- 
determined quantitative criteria (Tsai et al., 2010), two included 
all trials performed (Quinn, Olivier, & McKinon, 2022; Quinn, 
Olivier, McKinon, & Dafkin, 2022) and the rest utilised qualita-
tive feedback such as quality of strike or straightness of ball 
flight to determine trials for inclusion. One study declared they 
had used a power calculation for their sample size (Tsai et al.,  
2010), but did not state their primary outcome or null hypoth-
esis. With multiple variables being assessed within each study, 
there is a high risk of false positives. Two of the studies 
addressed this concern through lowering the level of 

significance required (Cole & Grimshaw, 2008a, 2014), whilst 
another performed a Bonferroni correction (Tsai et al., 2010).

The authors used varying techniques to record and assess 
pain. Two studies recruited control participants only if they had 
never previously reported LBP (Lindsay & Horton, 2007; Tsai 
et al., 2010), three required control participants be free of LBP 
for the preceding 12 months (Cole & Grimshaw, 2008a, 2008b,  
2014), and another for 6 months (Horton et al., 2001). A single 
study described control participants as “healthy”, without pro-
viding any further information (Sim et al., 2017). The two stu-
dies of prospective design required only that participants be 
free of LBP at the time of baseline assessment (Quinn, Olivier, & 
McKinon, 2022; Quinn, Olivier, McKinon, & Dafkin, 2022). This 
led to the inclusion of 12 participants who reported LBP in the 
preceding 6 months, with five golfers missing training or com-
petition due to their pain, and 10 golfers who reported pain in 
the month before baseline assessment. Three studies used the 
Short-Form McGill Pain Questionnaire to quantify pain severity 
(Cole & Grimshaw, 2008a, 2008b, 2014), and another used the 

Figure 1. PRISMA flow diagram detailing the process of study selection.
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Oswestry Disability Questionnaire (Tsai et al., 2010). The remain-
ing studies did not measure LBP severity, but reported its 
presence or absence (Horton et al., 2001; Lindsay & Horton,  
2007; Quinn, Olivier, & McKinon, 2022; Quinn, Olivier, McKinon, 
& Dafkin, 2022; Sim et al., 2017). The duration of LBP was not 
reported by five studies (Cole & Grimshaw, 2008a, 2008b, 2014; 
Sim et al., 2017; Tsai et al., 2010). A single study defined the LBP 
group as those who experienced LBP associated with golf for at 
least 6 months prior to assessment (Horton et al., 2001), and 
another selected participants who “always” reported LBP asso-
ciated with golf (Lindsay & Horton, 2007). The mean duration of 
LBP reported by participants in the prospective studies was 2– 
3weeks (Quinn, Olivier, & McKinon, 2022; Quinn, Olivier, 
McKinon, & Dafkin, 2022). The authors did not report whether 
pain was felt acutely whilst playing golf or on a chronic basis 
associated with golf participation.

It appears on two occasions that two studies were performed 
on the same cohort of participants, but the authors either did not 
specify whether this was the case or provide complete demo-
graphic details within the article (Cole & Grimshaw, 2008b, 2014; 
Quinn, Olivier, & McKinon, 2022; Quinn, Olivier, McKinon, & Dafkin,  
2022). Studies exclusively analysed the swings of male golfers. Five 
studies included only right-handed golfers, two studies included 
two left-handed golfers, appearing to be the same individuals 
(Quinn, Olivier, & McKinon, 2022; Quinn, Olivier, McKinon, & 
Dafkin, 2022), and the remaining two not did not specify dexterity 
(Horton et al., 2001; Lindsay & Horton, 2007). Four studies recruited 
elite or sub-elite golfers (Horton et al., 2001; Lindsay & Horton,  
2007; Quinn, Olivier, & McKinon, 2022; Quinn, Olivier, McKinon, & 
Dafkin, 2022), four recruited recreational golfers (Cole & Grimshaw,  
2008a, 2008b, 2014; Tsai et al., 2010), and one recruited both (Sim 
et al., 2017). Demographic characteristics were comparable 
throughout. A summary is given in Table 2.

3.3. Risk of bias in studies

Risk of bias varied between studies (Figure 2). The authors 
provided the data outlined in the methodology, regardless of 

result, with no overt missing data. Use of objective quantita-
tive outcomes largely protected against bias during collec-
tion of data. In the majority of cases, groups were 
determined according to rigid pre-determined definitions 
that protected the research from allocation bias, but in two 
studies the cohort parameters were sufficiently vague to 
introduce a serious risk of bias during group allocation 
(Lindsay & Horton, 2007; Sim et al., 2017).

There were numerous methodological practices that 
introduced potential for bias. Three studies outlined recruit-
ment protocols in sufficient detail to adequately confirm the 
validity of their respective cohorts (Cole & Grimshaw, 2008a,  
2008b; Sim et al., 2017). The other six either provided 
insufficient information to facilitate accurate assessment of 
the bias encountered or employed techniques that risked 
introducing selection bias (Cole & Grimshaw, 2014; Horton 
et al., 2001; Lindsay & Horton, 2007; Tsai et al., 2010). There 
was a trend of moderate risk of bias during reporting of 
results, chiefly caused by a lack of pre-registered research 
protocols. Adherence to the outlined methodology was 
maintained, but there were cases where deviation could 
not be excluded. No study assessed for the potential pre-
sence of confounding variables, and in two prospective 
studies the presence of recent LBP was not a criterion for 
exclusion, leading to a potentially serious risk of bias 
(Quinn, Olivier, & McKinon, 2022; Quinn, Olivier, McKinon, 
& Dafkin, 2022).

The overall risk of bias for each paper included in the review 
was deemed to be at a minimum serious, and in some cases 
critical, according to the definitions provided by the ROBINS-I 
tool (Figure 2).

3.4. Results of individual studies

A total of 73 outcomes were reported across the nine studies, 
with 61 being reported by only a single study. Of these, 10 
outcomes were reported by two studies, and two outcomes 
were reported by three studies.

Table 1. Summary of study characteristics.

Study

Pain 
quantification 

method

Method of biomechanical 
measurement

Primary Biomechanical Outcomes

Swings 
Analysed Per 

Golfer
3D 

Kinematics
Kinetic 
Load EMG

Cole et al. 2008 (a) (Cole & Grimshaw, 2008b) SF-MPQ Yes Timing of muscle activity onset 3
Cole et al. 2008 (b) (Cole & Grimshaw, 2008a) SF-MPQ Yes Magnitude of muscle activity 3
Cole et al. 2014 (Cole & Grimshaw, 2014) SF-MPQ Yes Torso-pelvic separation, trunk rotational 

velocity
3

Horton et al. 2001 (Horton et al., 2001) SF-MPQ Yes Muscle onset timing and magnitude of 
activity

2

Lindsay et al. 2007 (Lindsay & Horton, 2007) Not specified Yes Yes Lumbar flexion and extension, lateral flexion 
and rotation

3

Sim et al. 2017 (Sim et al., 2017) Not specified Yes Yes Thoracic-pelvic angle, lumbar torsional load, 
length of transition phase

5

Tsai et al. 2010 (Tsai et al., 2010) ODQ Yes Trunk rotation, extension and pelvic 
separation, lumbar rotational velocity and 
torsion

5

Quinn et al. 2022 (a) (Quinn, Olivier, McKinon, & 
Dafkin, 2022)

Not recorded Yes Magnitude of muscle activity 10

Quinn et al. 2022 (b) (Quinn, Olivier, & McKinon,  
2022)

Not recorded Yes X-factor and upper thoracic, lumbar, hip, 
knee and ankle joint angles

10

EMG = electromyography, ODQ = Oswestry disability questionnaire, SF-MPQ = short-form McGill pain questionnaire.
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3.4.1. Kinematics
Of the nine studies analysed, five utilised kinematic analysis 
(Figure 3) (Cole & Grimshaw, 2014; Lindsay & Horton, 2007; 
Quinn, Olivier, & McKinon, 2022; Sim et al., 2017; Tsai et al.,  
2010). The techniques used by the authors were homogenous; 
all gathered data using 3D kinematics, with Lindsay et al. com-
bining 3D kinematics and accelerometery (Lindsay & Horton,  
2007). Three studies investigated somatic positioning and 
movement velocity of the lumbar spine, hip and trunk (Cole & 
Grimshaw, 2014; Lindsay & Horton, 2007; Tsai et al., 2010), with 
a further study additionally reporting positioning of the lower 
limbs, upper thorax and X-factor (Quinn, Olivier, & McKinon,  
2022). X-factor is defined as the difference in shoulder and 
pelvic rotation at the point of transition between the back-
swing and downswing (McLean, 1992). The slight increase in 
shoulder to pelvic separation immediately after initiation of the 
downswing is known as X-factor stretch (How to Fix Golf Back 
Pain). A single study reported the length of the transition phase 
(Sim et al., 2017). It was rare for two studies to report the same 
kinematic measure. The majority of reported outcomes were 
not significantly different between the LBP and control group. 
Heterogeneity in the outcomes reported means those variables 
reported as being associated with LBP were not corroborated 
by other studies. The kinematic outcomes reported are dis-
played in the gap map in Figure 3. It should be noted that (b) 
utilised two effect measures with different scales for effect size 
according to whether or not data was normally distributed, but 
did not state which variables were normally distributed (Quinn, 
Olivier, & McKinon, 2022). We therefore categorised these 
according to the general effect sizes (Cohen, 1988).

Lindsay and Horton (2007) reported no significant difference 
in peak lumbar flexion, extension or rotation between elite 
golfers with and without LBP. Similarly, no baseline differences 
were found in lumbar flexion or extension in a prospective 
study of elite golfers (Quinn, Olivier, & McKinon, 2022). Peak 
lead-side lumbar lateral flexion was greater in elite golfers with 
LBP (Lindsay & Horton, 2007), a finding supported at the start of 
the backswing by a prospective study of elite golfers (Quinn, 
Olivier, & McKinon, 2022), although not in recreational golfers 
(Cole & Grimshaw, 2014). No significant differences were 
reported in the hip angle, trunk angle and crunch factor (Cole 
& Grimshaw, 2014) or the trunk extension (Tsai et al., 2010) of 
recreational golfers with and without LBP. Elite golfers who 
developed LBP displayed statistically significant baseline differ-
ences to peers who did not develop LBP. Golfers who devel-
oped LBP displayed: greater upper thoracic lateral flexion; 
greater lead knee abduction; reduced lead knee flexion; 
reduced lead ankle dorsiflexion; greater trail hip abduction; 
reduced lead knee adduction; increased lead ankle adduction; 
increased trail knee flexion; increased trail hip adduction; and 
reduced lead ankle eversion (Quinn, Olivier, & McKinon, 2022). 
Only two of these findings, reduced lead knee flexion and 
reduced lead ankle dorsiflexion, were replicated at more than 
one point of the swing.

Sim et al. (2017) quantified the transition phase according to 
lead hand speed, X-factor stretch and relative instantaneous 
angles of the pelvis and thorax. When defined by relative angle 
and X-factor stretch, elite golfers with LBP displayed signifi-
cantly shorter transition phases than their uninjured peers. No Ta
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significant difference was reported when the transition phase 
was defined by lead hand speed.

Lindsay and Horton (2007) reported no significant difference 
in lumbar extension velocity or lumbar rotational velocity 
between elite golfers with LBP and their uninjured peers. The 
latter finding was corroborated amongst recreational golfers by 
Tsai et al. (2010). Elite golfers without LBP demonstrated greater 
peak lumbar flexion velocity, and those with LBP greater peak 
lateral flexion velocity (Lindsay & Horton, 2007). Cole and 
Grimshaw (2014) were the only researchers to investigate the 
velocity of trunk motion, and reported no significant differences.

3.4.2. Electromyography
Four studies used electromyography (EMG) as a biomechanical 
measure (Cole & Grimshaw, 2008a, 2008b; Horton et al., 2001; 
Quinn, Olivier, McKinon, & Dafkin, 2022). The most commonly 
selected muscles were the major muscles of the lower back and 
abdomen. External oblique (EO) was analysed by all four stu-
dies, and erector spinae (ES) by three (Cole & Grimshaw, 2008b; 
Horton et al., 2001; Quinn, Olivier, McKinon, & Dafkin, 2022). 
Rectus abdominis (RA) was analysed by two studies (Horton 
et al., 2001; Quinn, Olivier, McKinon, & Dafkin, 2022), and inter-
nal oblique (IO) and latissimus dorsi (LD) by a single study 
(Horton et al., 2001). Researchers investigated either the timing 
of contraction onset relative to various phases of the swing, the 
relative activity of muscles at certain moments throughout the 
swing, or both. A summary of the findings is given in Figure 4.

There was no significant difference in ES activity at the start of 
the backswing in recreational golfers with and without LBP (Cole 
& Grimshaw, 2008a). Recreational golfers with lower handicaps 
and LBP display greater activity of ES at the end of the backswing 
than peers without LBP (Cole & Grimshaw, 2008a). The converse 
relationship was demonstrated amongst a cohort of higher han-
dicap recreational golfers; those with LBP generated greater ES 
activity at the end of the backswing than those without LBP (Cole 
& Grimshaw, 2008a). No differences in ES activity at impact were 
displayed in higher handicap recreational golfers, but lower 
handicap recreational golfers with LBP demonstrated reduced 
ES activity compared to uninjured counterparts (Cole & 
Grimshaw, 2008a). Earlier activation of lumbar ES at the start of 

the backswing was reported in recreational golfers with LBP, but 
no differences in onset timing were reported at the end of the 
backswing or start of the downswing (Cole & Grimshaw, 2008b). 
In a prospective study of elite golfers, no baseline statistically 
significant differences were found in ES activity throughout the 
swing (Quinn, Olivier, McKinon, & Dafkin, 2022).

Recreational golfers with LBP display no differences in EO 
activity compared to uninjured peers at the start of the back-
swing or at impact, but have greater EO activity at the end of 
the backswing (Cole & Grimshaw, 2008a). The average ampli-
tude of EO activation throughout the swing was not signifi-
cantly different between elite golfers with and without LBP 
(Horton et al., 2001), findings corroborated by a prospective 
study which found no baseline differences in EO activity 
between elite golfers who did and did not develop LBP at any 
point in the swing (Quinn, Olivier, McKinon, & Dafkin, 2022). 
Elite golfers with LBP display later onset of EO contraction at 
the start of the backswing (Horton et al., 2001), but this was not 
replicated amongst recreational golfers (Cole & Grimshaw,  
2008b). Neither cohort displayed a significant difference in EO 
onset at the start of the downswing (Cole & Grimshaw, 2008b; 
Horton et al., 2001). There was no difference in EO onset at 
impact in groups of recreational golfers with and without LBP 
(Cole & Grimshaw, 2008b).

Elite golfers who developed LBP showed increased baseline 
activity of trail-side RA and LD at the end of the backswing, at 
impact, and the mean activity of both muscles was greater 
throughout the swing (Quinn, Olivier, McKinon, & Dafkin, 2022). 
No differences were reported in lead-side RA and LD activity 
(Quinn, Olivier, McKinon, & Dafkin, 2022) The mean amplitude of 
activity of RA and IO throughout the swing was not significantly 
different in elite golfers with and without LBP (Horton et al., 2001). 
Timing of IO contraction at the start of the backswing and start of 
the downswing amongst elite golfers with LBP was not signifi-
cantly different to their uninjured peers (Horton et al., 2001).

3.4.3. Torsion
Two of the seven studies investigated the effect of lumbar 
torsion during the golf swing on LBP (Figure 5) (Sim et al.,  
2017; Tsai et al., 2010). The authors of both studies estimated 

Figure 2. Colour-coded summary of potential risk of bias on a study by study basis.
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torsion utilising ground reaction force plates, on which the 
participant stood during testing.

Tsai et al. (2010) reported no significant differences in the 
lumbar torsion generated by injured or uninjured recreational 

golfers across all six recorded time points during the swing, 
from initiation of the backswing to impact. Sim et al. (2017) 
sought to investigate different methodologies for quantifica-
tion of the transition phase and tested three distinct sets of 

Figure 3. An evidence gap map summarising findings from the studies to use kinematic techniques. Some outcomes were condensed down to the specific plane of 
movement to allow for optimal visualisation in the manuscript. For a complete breakdown, please see Supplementary Material 3.
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biomechanical parameters by which it could be defined. 
Regardless of the method utilised, uninjured elite golfers gen-
erated significantly greater torsion than their injured counter-
parts during the transition phase of the golf swing. They did not 
report a significant difference in the torsional load generated 
during the transition phase by recreational golfers with and 
without LBP, although amateur golfers produced less torsional 
load than the elite golfers.

3.4.4. Elite and sub-elite golfers vs recreational golfers
Only one study recruited both elite and recreational golfers 
(Sim et al., 2017). Elite golfers, with and without LBP, displayed 
longer transition phases and generated greater lumbar torsion 
during the transition phase than recreational counterparts.

A total of eight outcomes were reported by more than one 
study, where one study recruited elite or sub-elite golfers and 
the other recruited recreational golfers. Lindsay et al. (Lindsay & 
Horton, 2007) reported that elite and sub-elite golfers with LBP 
displayed greater peak lumbar lateral flexion and greater lum-
bar lateral flexion velocity than their uninjured peers, and 
Quinn et al. (Quinn, Olivier, & McKinon, 2022) found that that 
elite golfers who would develop LBP showed greater lumbar 
lateral flexion at the start of the backswing. In contrast, Cole 
and Grimshaw (2014) reported no such differences in recrea-
tional golfers. Horton et al. (Horton et al., 2001) found no 
significant differences in mean EO activity in elite golfers with 
and without LBP. In contrast, recreational golfers with LBP 
showed greater EO activity at the end of the backswing than 
their uninjured counterparts (Cole & Grimshaw, 2008a). Cole 
and Grimshaw (2008a) reported greater bilateral erector spinae 

activity at the end of the backswing and reduced bilateral ES 
activity at impact in recreational golfers with LBP. Additionally, 
they reported increased trail-side external oblique activity at 
the end of the backswing in the injured cohort. None of these 
findings were replicated in the baseline swing characteristics of 
elite golfers who would go on to develop LBP (Quinn, Olivier, 
McKinon, & Dafkin, 2022). Horton et al. (2001) reported that 
elite golfers with LBP exhibited earlier initiation of EO contrac-
tion, in relation to the start of the backswing. This was not 
corroborated in recreational golfers, where no significant dif-
ferences in EO onset were reported (Sim et al., 2017). Neither 
elite nor recreational golfers with LBP demonstrated significant 
differences in the activity of trail-side EO compared to their 
uninjured peers (Cole & Grimshaw, 2008a; Quinn, Olivier, 
McKinon, & Dafkin, 2022).

Both Tsai et al. (2010) and Lindsay and Horton (2007) 
reported no significant difference in peak lumbar spine rota-
tional velocity between golfers with and without LBP, in 
a group of recreational and a mixed cohort of elite and sub- 
elite golfers, respectively. This was the only instance in which 
studies recruiting differing abilities of golfers reported 
a common finding. However, the lack of agreement across 
studies investigating different levels of golfing ability is poten-
tially inflated due to the low number of studies incorporating 
comparable outcome measures.

3.5. Certainty of evidence

A total of 73 outcomes were reported by the studies analysed. 
Forty-nine of these did not demonstrate statistically significant 

Figure 4. An evidence gap map summarisingthe findings of studies to utilise EMG techniques.
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differences between those with and without LBP. The evidence 
collected pertaining to these outcomes was subject to a severe 
risk of bias, and a lack of methodological and outcome homo-
geneity between studies. Therefore, the quality of evidence was 
assessed as being very limited.

Twenty-four of the 73 outcomes reported achieved the level 
of statistical significance. The level of evidence was of very 
limited quality, relating to 19 of these outcomes. This assess-
ment was based on a severe risk of bias and each outcome 
being reported by only a single study. The remaining five 
significant outcomes were demonstrated by a conflicting level 
of evidence due to heterogeneity of results between studies. 
Quality of evidence assessments relating to the outcomes to 
achieve statistical significance are summarised in Table 3.

4. Discussion

In this review, we aimed to investigate all primary research 
reporting biomechanical analysis of the golf swing and the 
presence of LBP, in order to assess the evidence behind the 
hypothesis that biomechanics of the golf swing is asso-
ciated with LBP. Several potential golf swing biomechanical 
associations with LBP were reported. The overall quality of 
evidence was very limited to conflicting, with a serious risk 
of bias due to confounding and participant selection in the 
included studies, as well as there being a limited number of 
studies. This research area would benefit from well- 
conducted prospective research, as the belief that biome-
chanical factors in the golf swing can contribute to LBP is 
widely held (Foley, 2021; Freedman, 2018; How to Fix Golf 
Back Pain 2021; James, 2019; Kamson, 2020; Roberts, 2019; 
Rose, 2014; Schuler, 2020), despite very limited primary 
research to support this.

To the authors’ knowledge, this is the first systematic review 
of golf swing biomechanical factors associated with LBP. 
Previous reviews have taken a narrative approach, describing 
the biomechanical patterns integral to the golf swing, the 
torsional loads experienced throughout the golf swing, possi-
ble mechanisms of injury and the epidemiology of injury in 
golf. These publications provide potential hypotheses for the 
disproportionate incidence of LBP in golfers, but do not criti-
cally analyse the evidence base.

Establishing risk factors for injury is an important step in 
decreasing injury risk. Potential risk factors have been identified 
in this review, and although they could be considered to guide 
primary and secondary prevention of LBP, caution should be 
taken until further evidence is developed. Importantly, golf 
swings are not homogenous, and players may have multiple 
contributory biomechanical factors.

4.1. Potential risk factors

Increased torsional load during the transition phase of a swing 
results in exaction of greater forces on the lumbar spine (Sim 
et al., 2017; Tsai et al., 2010). This may predispose structural 
changes, providing a potential mechanism of injury explaining 
the association between increased lumbar torsion and LBP. 
Similarly, a shorter transition phase means that these forces 
are acting over a shorter period, exposing the golfer to greater 
energy through lumbar spinal structures at a faster rate. When 
the repetitive nature of the golf swing throughout training/ 
competition is considered, this increased stress may lead to 
pain. Alternatively, the shorter duration of the golf swing may 
be a result of LBP occurrence, reducing the time in the fully 
rotated position, but requiring a greater torsional load to be 
developed quicker in order to perform a successful swing. 

Figure 5. An evidence gap map summarising findings of studies to measure outcomes relating to lumbar torsion.
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These hypotheses should be assessed in prospective research, 
through continuous monitoring of the golf swing in golfers.

Unilateral contraction of ES and EO causes ipsilateral lumbar 
lateral flexion (Rab et al., 1977). This mechanism of action and 
the positive association between magnitude of ES and EO 
contraction and LBP lend further support to the association 
between lumbar lateral flexion magnitude and velocity and 
LBP that was also reported, albeit with a conflicting level of 
evidence. Future research should report sidedness of muscle 
activation and the direction of lumbar lateral flexion to provide 
further insight into the potential relationship between these 
two factors.

Bilateral contraction of EO leads to lumbar flexion (Rab et al.,  
1977). It has been reported that there is a positive association 
between the magnitude of EO activity and LBP, but a negative 
association with lumbar flexion velocity and LBP. These contra-
dictory findings indicate that increased EO activity may be 
unlikely to cause back pain via lumbar flexion, and an alterna-
tive explanation for the mechanism of injury should be sought. 
Focusing on single muscles when assessing activation profiles 
during the golf swing prevents us from understanding the full 
activation profile, as activation of other muscles may be altered 
to accommodate/affect differences observed in EO.

Overall, golfers with LBP tended to demonstrate a shorter 
duration of golf swing. This was seen through an increased 
velocity of torso rotation alongside some suggestion that 
increased activation of ES and EO at the end of the backswing, 
especially in non-elite golfers. The potential discrepancy 
between elite and non-elite golfers in variables associated 
with LBP suggests that any association between biomechanics 
of the golf swing and LBP is not only complex, but also poten-
tially dependent on the golfer’s ability.

There is a lack of research into the mechanical load the lumbar 
spine is exposed to during the golf swing. Elite golfers have been 
reported to generate a peak lumbar load of approximately six 
times participant bodyweight (Lim et al., 2012), and a maximum 

load of 10 N/Kg during the transition phase (Sim et al., 2017). The 
same authors report that recreational golfers generate approxi-
mately 1.7N/Kg of load during the transition phase, significantly 
less than their elite counterparts (Sim et al., 2017). Isolated 
exposure to loads of this scale is unlikely to cause injury to 
normal anatomy, but repeated exposure could lead to damage 
of lumbar structures and subsequent LBP. Future research on the 
loads applied to the lumbar spine in the golf swing, ideally 
utilising modelling techniques to estimate the load applied at 
the tissue level, should be conducted to improve the under-
standing of the mechanisms by which LBP develops.

Biomechanics of the golf swing are not the only potential 
risk factor for LBP in golfers, and it would be optimal for future 
research to account for these. There are many other factors that 
have been suggested to be important for injuries in recrea-
tional (Cabri et al., 2009) and elite (Robinson et al., 2019) golfers. 
These include the volume of practice and competition, the 
surface balls are being hit from (for example, it is suggested 
wrist injuries may increase if balls are being hit from mats or 
firm ground instead of turf (Hawkes et al., 2013) and when 
modifications are made to the swing or equipment used. 
Psychosocial factors and their impact on musculoskeletal injury 
risk and rehabilitation, including LBP, are recognised in both 
athletes (Ardern et al., 2013; McCall et al., 2015) and the general 
population (Knezevic et al., 2021; Nicholas et al., 2011; Pincus 
et al., 2002; Vlaeyen et al., 2018). Golf-specific research on the 
impact of psychosocial factors is lacking and may aid the holis-
tic understanding of injury risk in golfers. Other sports, includ-
ing tennis and cycling, describe biomechanical factors as well 
as the volume and intensity of play to be potential contributors 
to injury. LBP is reported to be prevalent in elite athletes from 
other sports, including cross-country skiing, rowing and dan-
cing (Farahbakhsh et al., 2018; Fett et al., 2017; Trompeter et al.,  
2017). Therefore, the prevalence of LBP in golf may be asso-
ciated with prevalence of LBP in athletes in general, and may 
not be specific to mechanics of the golf swing itself.

Table 3. Certainty of evidence supporting outcomes reported as statistically significant.

Outcome Level of Evidence Direction of Association

Upper Thoracic Lateral Flexion Very Limited Greater
Lumbar Flexion Velocity Very Limited Reduced
Lumbar Lateral Flexion Velocity Very Limited Greater
Trail Hip Abduction Very Limited Greater
Trail Hp Adduction Very Limited Greater
Lead Knee Abduction Very Limited Greater
Lead Knee Adduction Very Limited Reduced
Lead Knee Flexion Very Limited Reduced
Trail Knee Flexion Very Limited Greater
Lead Ankle Adduction Very Limited Greater
Lead Ankle Eversion Very Limited Reduced
Lead Ankle Dorsiflexion Very Limited Reduced
Trail Ankle Adduction Very Limited Greater
Transition Phase Length (Thoracic and Pelvic Angle) Very Limited Reduced
Transition Phase Length (X-Factor Stretch) Very Limited Reduced
Lumbar Torsional Load Very Limited Reduced
Lead Erector Spinae Onset Timing Very Limited Earlier
Trail Rectus Abdominis Activity Very Limited Greater
Trail Latissimus Dorsi Activity Very Limited Greater
Lumbar Lateral Flexion Conflicting Greater
Lead Erector Spinae Activity Conflicting Reduced/Greater
Trail Erector Spinae Activity Conflicting Reduced/Greater
Lead External Oblique Onset Timing Conflicting Earlier
Trail External Oblique Activity Conflicting Greater
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4.2. Limitations

The greatest limitations of the research were inconsistency in 
the recording and reporting of biomechanical factors and 
pain, and the paucity of prospective studies. The eligible 
studies for this review were majority retrospective case- 
control studies, limiting the ability to determine whether 
the associations identified are causative of or resultant from 
LBP. Participants’ LBP may have been caused by golf or, 
noting the prevalence of LBP in the general population 
(Hoy et al., 2012), may have been due to other factors. The 
minority of studies that were of prospective design did not 
exclude participants who had experienced LBP that impaired 
their participation in golf in the month prior to baseline 
assessment, introducing severe risk of confounding bias and 
undermining the prospective study design (Quinn, Olivier, & 
McKinon, 2022; Quinn, Olivier, McKinon, & Dafkin, 2022).

The overall quality of study design was low. The number of 
swings included in the analysis was minimal, the greatest being 
only 10 swings per golfer, and the processes by which they 
were selected were inconsistent. By excluding a majority of the 
recorded swings, the researchers created an idealistic situation 
in which a golfer does not make a “bad” swing, a circumstance 
unrepresentative of golf, and in particular recreational golf. It is 
important to take into account the variability of the individual 
golfer’s swing, across multiple days, in future research, instead 
of relying on an average across a low number of swings within 
a single session. Researchers should pre-determine quantifiable 
criteria by which to identify representative swings to select for 
analysis, and seek to analyse a greater number of trials per 
participant. The reporting of pain was heterogenous and 
often qualitative. Future research should employ objective 
quantitative techniques that specify pain site, onset, character, 
duration and severity to more comprehensively report LBP and 
facilitate meaningful comparison.

A serious risk of bias due to poor statistical design and 
analysis was present across the included studies. The 
absence of a primary outcome to which they were powered 
may have led to type II errors. One study declared a power 
calculation, but it is not clear what this was powered to, 
and they did not state a primary outcome (Sterne et al.,  
2016). Therefore, it is not clear if those biomechanical fac-
tors in the golf swing not associated with LBP were truly 
not associated or whether the studies were insufficiently 
powered to demonstrate a difference between cohorts. To 
support future development of this, a consensus is needed 
as to what effect size would be clinically meaningful for the 
respective outcome. Furthermore, only four out of the nine 
studies accounted for the multiple statistical tests per-
formed, and the positive associations identified may repre-
sent type I errors (Cole & Grimshaw, 2008a, 2008b, 2014; 
Tsai et al., 2010). With the large number of discrete vari-
ables that are able to be extracted from a movement like 
a golf swing, it is imperative that selection is not based on 
significance, but on prior hypotheses, ideally presented in 
pre-registered protocols (Pataky et al., 2016). A more ideal 
approach would be to analyse the golf swing as 
a continuous time-domain action, incorporating appropriate 

analyses (i.e., statistical parametric mapping or functional 
data analysis) (Warmenhoven et al., 2018).

The cohorts recruited were generally small, participants 
were universally male and, with the exception of two partici-
pants, right-handed. These demographics are unrepresentative 
of the global golfing population. This further limits the ability to 
reliably generalise the findings of this review to the majority of 
golfers.

The numerous biomechanical variables in the golf swing 
and the lack of knowledge regarding their impact on LBP 
make adequate control of confounding variables difficult to 
achieve. A greater body of research is required to achieve 
sufficient control for possible confounders, along with the 
consistent application of such protocols across future 
research.

There was variation in the specific outcomes measured 
and experimental technique. The authors employed terms 
inconsistently, with the phrases “top of the backswing” and 
“start of the downswing” used interchangeably across the 
literature. These terms are distinct from one another, and 
should not be confused as synonymic. The categorisation of 
golfers according to ability varied. The IGF International 
Consensus Statement definitions of elite, sub-elite and 
recreational golfers align closely with observed skill levels 
at which changed biomechanical swing traits are seen 
(Zheng et al., 2008). It is therefore likely that these distinct 
cohorts are exposed to different biomechanical risk factors 
for LBP, and future research should recruit and distinguish 
participants according to the IGF categories. This heteroge-
neity within the existing literature renders meaningful com-
parison between papers challenging.

Researchers used highly specialist equipment that is una-
vailable to the independent golfer. Outcomes were com-
plex, requiring a degree of scientific expertise to interpret. 
Positive associations related to parameters that are unintui-
tive and challenging to consciously modify. These factors 
limit the usefulness of any positive findings to the golfer or 
sports medicine practitioner seeking to prevent LBP. Once 
biomechanical risk factors have been investigated with 
more certainty, development of novel approaches to mon-
itoring these more cost-effectively and requiring less skill is 
needed.

4.3. Conclusion and implications

There was no conclusive evidence to support the hypothesis 
that LBP is associated with biomechanics of the golf swing. The 
overall quality of evidence was limited, with a serious risk of 
bias. The associations reported in this review should be further 
investigated by prospective studies incorporating sound 
experimental and statistical approaches, before attempts to 
replicate findings in the playing arena are made. Once firm 
associations have been established, it is then important for 
future research to consider how this knowledge can be best 
integrated into injury prevention and rehabilitation. Future 
research should recruit participants of both sexes and handed-
ness, across all levels.
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