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Abstract

Background Golf is commonly considered a low-impact

sport that carries little risk of injury to the knee and is

generally allowed following total knee arthroplasty (TKA).

Kinematic and kinetic studies of the golf swing have

reported results relevant to the knee, but consensus as to

the loads experienced during a swing and how the

biomechanics of an individual’s technique may expose the

knee to risk of injury is lacking.

Objectives Our objective was to establish (1) the preva-

lence of knee injury resulting from participation in golf and

(2) the risk factors for knee injury from a biomechanical

perspective, based on an improved understanding of the

internal loading conditions and kinematics that occur in the

knee from the time of addressing the ball to the end of the

follow-through.

Methods A systematic literature search was conducted to

determine the injury rate, kinematic patterns, loading, and

muscle activity of the knee during golf.

Results A knee injury prevalence of 3–18% was estab-

lished among both professional and amateur players, with

no clear dependence on skill level or sex; however, older

players appear at greater risk of injury. Studies reporting

kinematics indicate that the lead knee is exposed to a

complex series of motions involving rapid extension and

large magnitudes of tibial internal rotation, conditions that

may pose risks to the structures of a natural knee or TKA.

To date, the loads experienced by the lead knee during a

golf swing have been reported inconsistently in the litera-

ture. Compressive loads ranging from 100 to 440% body-

weight have been calculated and measured using methods

including inverse dynamics analysis and instrumented knee

implants. Additionally, the magnitude of loading appears to

be independent of the club used.

Conclusions This review is the first to highlight the lack of

consensus regarding knee loading during the golf swing

and the associated risks of injury. Results from the litera-

ture suggest the lead knee is subject to a higher magnitude

of stress and more demanding motions than the trail knee.

Therefore, recommendations regarding return to golf fol-

lowing knee injury or surgical intervention should carefully

consider the laterality of the injury.
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Key Points

The occurrence of knee injuries related to golf ranges

from 3 to 18% of all injuries, with older players

generally demonstrating a higher prevalence of

injury.

The mechanisms contributing to knee injuries during

golf are unknown, but reports from the literature

suggest that high joint loading and complex motions

may increase risk of injury, especially in the lead

(target-side) knee.

Clinicians, coaches, and players alike should

carefully consider participation in or return to golf

when knee pain is present or following knee injury or

surgical procedures (including total knee

arthroplasty), especially when the lead knee is of

concern.

1 Introduction

Golf is considered a low-impact sport, resulting in the

common perception that only low loads and stresses are

placed upon the body and that players are subject to only a

minor risk of injury. Many golfers enjoy the sport recre-

ationally as a low-impact form of exercise that also plays

an important part in participants’ social lives. These factors

mean golf is a popular sport for older generations, as well

as an activity often recommended following lower limb

joint arthroplasty [1–4]. However, chronic and acute inju-

ries are commonly reported in golf, with the lower back

and the knee accounting for the majority of chronic injuries

[5]. In fact, injuries to the knee are thought to account for

up to 18% of all injuries in golf [6]. Despite this, a major

challenge in the accurate acquisition and classification of

lower limb musculoskeletal injury data is attributing their

occurrence purely to involvement in golf. Furthermore,

most studies reporting injuries in golf have been based on

data from retrospective and self-reported surveys that were

not sufficiently specific with regard to anatomical location

and mechanism of injury [6]. However, even with lack of

specificity, there does appear to be a general consensus

suggesting the most likely causes for golf-related injuries

are associated with poor or inconsistent technique and

overuse as a result of repetitive training [6].

A commonly cited study assessing loading conditions in

the knee suggested that the mean peak compressive forces

do not exceed 99% of body weight (%BW) in either knee

[7]. These findings were the foundations of a subsequent

review on risk factors and mechanisms of knee injuries in

golfers [8] that suggested these magnitudes of joint force

are insufficient to cause damage to the knee ligaments. As a

result, the risk of knee injury during golfing was concluded

to be minor, but this appears to contradict previous epi-

demiological data. Compared with other activities such as

level walking, where internal tibio-femoral joint contact

forces of 267%BW have been measured in vivo [9], the

loading estimations of Gatt et al. [7] seem to be exceed-

ingly low and may underestimate the real forces that occur

in the joint. Indeed, in vivo assessments of tibio-femoral

joint contact forces during the golf swing in subjects who

possessed an instrumented total knee arthroplasty (TKA)

found compressive loads of 320–440%BW in the lead knee

and 320%BW in the trailing knee [10, 11]. Whilst the low

forces reported by Gatt et al. [7] are entirely possible, it

seems that the disparity in magnitude arises from the fact

that these authors actually reported the resultant external

forces and moments from an inverse dynamics approach

rather than the internal joint contact forces that include the

contribution of all muscles and ligaments crossing the joint.

As a result, the contribution of knee joint loading as a risk

factor for injury in golf assessed in previous reviews [8]

may have been considerably underestimated given the

conclusions were based on these findings.

The differences in these modelling and in vivo results

suggest the soft tissue structures indeed play a key role in

producing potentially high forces in the knees during the

golf swing, a critical aspect that is not considered in inverse

dynamics models. As a result, it seems that the current

interpretation of the literature regarding the prevalence of

injury among both amateur and professional golfers, the

loads that act in the knee during golf, and the likelihood of

these loads causing injury is somewhat misleading. The

aims of this systematic review were to establish (1) the

prevalence of knee injury resulting from participation in

golf and (2) the risk factors for knee injury from a

biomechanical perspective, based upon an improved

understanding of the internal loading conditions and kine-

matics that occur in the knee from the time of addressing

the ball to the end of the follow-through.

2 Methods

2.1 Database Search and Selection Criteria

In January 2016, a systematic literature review was con-

ducted to identify studies reporting results relevant to knee

injuries and knee biomechanics during golf. A search string

was constructed that combined the term ‘‘golf’’ using an

AND operator with keywords (in truncated form combined
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by means of the OR operator) including ‘‘injury,’’ ‘‘force,’’

‘‘load,’’ ‘‘moment,’’ ‘‘kinematic,’’ ‘‘electromyography,’’

and ‘‘arthroplasty.’’ The search was constrained to English-

language, peer-reviewed articles, titles, abstracts, and

keywords. The search string was used to search the fol-

lowing four databases; Scopus, ISI Web of Science,

EMBASE, and PubMed.

The combined database search returned 4867 results,

from which 2069 duplicates were removed (Fig. 1). The

titles and abstracts of the remaining 2798 sources were then

screened manually, and inclusion criteria dictated that only

English-language peer-reviewed articles reporting injuries

or biomechanics of the knee associated with golf were

included. The full text and reference lists of the remaining

157 articles were screened, and 41 articles were found to

meet all inclusion criteria. An additional eight sources were

retrieved from the reference lists, resulting in 49 studies

incorporating injury (n = 30) and biomechanics (n = 19)

data.

2.2 Data Extraction, Synthesis and Analysis

It was necessary to normalize the extracted data from all

studies to allow for inter-study comparisons. Studies

Scopus n=661
ISI Web of Science n=1,938
EMBASE n=2,006
PubMed n=262
Total n=4,867

Duplicates n=2,069

Title and abstract screening n=2,798

Ar�cles excluded based on �tle and 
abstract: 
Non-English  n=5
Unrelated to knee injury or knee 
biomechanics in golf n=2,636
Total n=2,641

Full text screening n=157

Full text ar�cles excluded: 
Unrelated to knee injury or knee 
biomechanics in golf n=114
Unable to obtain ar�cle n=2
Total n=116

Ar�cles included in systema�c review: 
Kinema�cs n=10 
Kine�cs n=4
Kinema�cs and kine�cs n=2   
Injuries n=26
Arthroplasty related n=4
Electromyography n=3
Total n=49

Ar�cles included: 
Iden�fied from reference list of 
ar�cles n=8
Total n=8

Fig. 1 Search strategy used to

acquire articles for this

systematic review
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reporting both internal and external forces occurring at the

knee were converted to %BW, whereas moments were

converted into normalized moment (Nm) per kg. Equa-

tion 1 was used to account for the propagation of error rM
inherent when normalizing moments reported with a mean

(A) and standard deviation (rAÞusing subject parameters

such as body weight and height, both of which are also

measures with associated means (B) and standard devia-

tions ðrBÞ.

rM � Mj j
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

rA
A

� �2

þ rB
B

� �2
r

; ð1Þ

where M ¼ mean normalized moment ðNm=kgÞ:
Studies reporting knee flexion angles (a, in �) were

combined to produce group (skill level and club type)

means and standard deviations (ra) throughout the swing,

according to the methods for combining groups suggested

by the Cochrane Collaboration [12] (Eqs. 2, 3). The

method was applied sequentially in instances where two or

more subject groups were combined, with n1 and n2 par-

ticipants, respectively.

a ¼ n1a1 þ n2a2

n1 þ n2

ð2Þ

ra ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðn1 � 1Þr2
1 þ ðn2 � 1Þr2

2 þ n1n2

n1þn2
ða2

1 þ a2
2 � 2a1a2Þ

ðn1 þ n2 � 1Þ

s

:

ð3Þ

To standardize the description of kinematic timing, the

12 phases of the golf swing reported across all studies were

condensed into six major phases: address, top of the

backswing (top-BS), middle of the downswing (mid-DS),

impact, middle of the follow-through (mid-FT), and end of

the follow-through (end-FT).

3 Results

3.1 Injuries

Of the 30 articles that reported injuries to the knee, 22 were

surveys that considered amateur and/or professional gol-

fers, either independently of their knee condition (n = 18)

or specifically after knee arthroplasty (n = 4). Addition-

ally, eight articles presented case studies where golf was

identified as a contributing factor to knee injury.

3.1.1 Injuries Independent of Knee Condition

The rate of knee injury varied from 3 to 18% of the survey

population (Table 1), but little information was reported on

the nature of the injury or which knee was affected. Five

studies reported career injury rates among professionals

ranging from 5.5 to 15% [5, 13–16], and 11 studies

reported an injury rate of 3.2–18.9% for amateur golfers

[5, 17–26], with one study suggesting a generally higher

injury rate in professionals compared with amateurs (5.5

vs. 3.2%) [5]. Conversely, two studies indicated that less

skilled players (players with a higher handicap) may be

more prone to knee injury [17, 27]. Three of the five studies

comparing male and female golfers showed a higher rate of

knee injuries among men [14, 17, 18], whereas equivalent

injury rates were observed in male and female players in

professional golf groups [16].

Many surveys questioned participants regarding the

mechanisms and timing of their golfing injury, but only

limited data refer specifically to the knee. Players surveyed

by Batt [17] attributed their knee injury to an incorrect

swing/mis-hit or standing on uneven ground (50%,

respectively). Gosheger et al. [5] reported that 95.7% of

players felt their knee injury was due to overuse. Addi-

tionally, McCarroll and Gioe [14] reported that the impact

(30.4%) and follow-through (38.5%) phases of swing were

the common time points of injury.

In all three surveys conducted by Fradkin et al.

[19, 27, 28], the median age of golfers was consistently

highest in those experiencing injuries at the knee, with one

survey revealing that players aged [65 years were at

greatest risk of lower limb injuries. Sugaya et al. [16]

presented similar findings: senior male professional tour

players experienced knee injuries at a higher rate (15%)

than regular male (8%) and female (8%) professionals.

However, in a cohort of golfers with a mean age of

50 years, Batt [17] found the average age of players with

knee injuries was 35.6 years. One study that specifically

addressed the issue of knee injuries in right-handed golfers

found that the distribution between left (15) and right (17)

knees was comparable (only three bilateral) [29]. Since this

was the only formal survey reporting on the laterality of a

player’s injury, it remains difficult to establish which knee

is injured more often.

3.1.2 Arthroplasty-Related Injuries

Orthopedic surgeons commonly recommend golf as a

rehabilitative activity following TKA, independent of

whether the TKA involved the lead or the trailing knee

[1–4]. In their survey of active amateur golf players after

TKA (96% right-handed players, minimum 3 years post-

operative), Mallon and Callaghan [3] found that 15.7% of

subjects experienced a mild ache while playing golf and

34.9% experienced aching pain after playing (Table 2).

Additionally, there was a statistically significant higher rate

of pain during and after play in patients who received left

knee TKAs (almost entirely lead knees). Another signifi-

cant finding was that 54% of all TKAs and 79% of those
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Table 1 Prevalence of knee injury in golf, population characteristics and potential injury mechanisms extracted from injury surveys (n = 18)

obtained through a systematic search of the literature

References Cohort Study type General injury reports Knee injury reports

Batt [17] Amateur golfers: male n = 164,

age 49.5 y (17–85), HC 14.2

(2–24); female n = 29, age 53

y (27–83), HC 23.4 (5–36)

Retrospective survey;

period unspecified

57% of players reported an

incidental or actual injury: 72

acute injuries (while playing

golf), 82 chronic injuries

(aggravated by playing golf)

Actual injuries: men n = 4 (8%),

women n = 0. Incidental

injuries: men n = 8 (12%),

women n = 2 (12%). Mean

age for knee injury during play

35.6 y. Mean age for chronic

knee injury 54.6 y. Mean HC of

players with knee injury 17.3.

Cause for knee injury obtained

during play: incorrect swing/

mishit 2, uneven ground 2

Dhillon

et al. [18]

Amateur golfers: male n = 200,

female n = 40, mean age of

injured players 51 y

Retrospective verbal

interview; period:

entire career

193 total injuries. Injury per HC

bracket: 0–9 (61.8%), 10–17

(51.8%), 18–36 (36%)

Knee injuries: male n = 18

(18.9%), female n = 1 (6%),

total n = 19 (17%)

Finch et al.

[26] (in

Cabri et al.

[6])

Amateur golfers, median age

40.5 y (24–65 y)

Unspecified Knee injuries total: 18%

Fradkin

et al. [19]

Amateur golfers: female

n = 522, median age 54 y

(16–75), median HC 17 (2–44)

Retrospective survey;

period: previous

12 months

184 injuries: 38.6% reported

recurring injury. Self-reported

injury mechanism: overuse

(43.6%), technical error (18%)

Knee injuries total n = 13 (7%).

Median age of knee injury

group 62 y (highest median age

of all groups per injury

location)

Fradkin

et al. [27]

Amateur golfers n = 547; male

75.9%, female 24.1%

Retrospective

assessment of

hospital records

Presentations to hospital ED:

10.8% required hospitalization

Knee injuries total n = 4 (4.4%).

Golfers aged[ 65 y had the

highest rate of lower-limb

injuries

Fradkin

et al. [28]

Amateur golfers n = 304; male

71.4%, female 28.6%, median

age 53 y, median HC 13

Retrospective survey;

period: previous

12 months

36.5% of subjects reported 111

injuries: 51.4% of injuries

required treatment. Self-

reported injury mechanism:

overuse (29.7%), overexertion

(26.1%)

Knee injuries n = 8 (7%).

Median age of knee injury

group: 66 y (highest median

age of all groups per injury

location). Median HC for knee

injury group: 16.5

Gosheger

et al. [5]

Amateur golfers, HC

21.5 ± 14.7, male n = 456,

female n = 187; professional

golfers, male n = 54, female

n = 6, mean age 46.2 ± 17.3 y

Retrospective survey;

period: entire

career

Amateur injury rate 39.7%,

professional injury rate 60%;

HC did not affect injury rate in

amateurs

Knee injuries: amateur n = 17

(3.2%), professional n = 6

(5.5%), total n = 23 (3.6%).

Self-reported overuse knee

injury 95.7%. Knee injury

symptoms longer than 1 y,

n = 7 (30.4%); previous

chronic knee injury: 9.5%

Guten [29] Amateur and professional

golfers, 35 right-handed, male

n = 28, female n = 7, mean

age all players 56 y (21–73),

HC 18 (0–48)

2-y case history of

reports to a knee

clinic

Right knee n = 17, left knee

n = 15, bilateral knee n = 3.

Type of injury: medial

meniscus n = 17, osteoarthritis

n = 10, lateral meniscus

n = 4, patella chondromalacia

n = 2, loose bodies n = 2,

total = 35

Hadden

et al. [13]

88 professional golfers Consultation records

from British Open

physiotherapy

service; period: 7 y

88 injuries reported Knee injuries total: 7%

Knee Injury Risk Factors in Golf 2625
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Table 1 continued

References Cohort Study type General injury reports Knee injury reports

McCarroll

and Gioe

[14]

Professional golfers, male

n = 127, age 30 y (23–72);

female n = 99, age 24 y

(22–42)

Retrospective survey;

period: entire

career

103 men reported 192 injuries;

87 women reported 201

injuries; average of two injuries

per player; injuries due to

repetitive practice swings

68.7%; injuries occurring

during competition 7.3%

Knee injuries: in men n = 14

(7.3%), in women n = 12

(6%), total n = 26 (6.6%).

Subjective reports of knee

injury timing: impact phase

30.4%, follow- through phase

38.5%

McCarroll

et al. [21]

Amateur golfers, age 52 y

(15–86); male n = 942, HC 14;

female n = 202, HC: 35

Retrospective survey;

period unspecified

708 (62%) of those surveyed

reported 908 injuries; 1.28

injuries per golfer; male

injuries n = 584 (62%); female

injuries n = 124 (61%);

common self-reported cause of

injury: excessive play or

practice n = 204; poor swing

mechanics n = 150; HC

associated with injury

rate:\ 1–9 (67.5%), 10–17

(61.8%),[ 17 (59.0%)

Knee injuries: in men n = 52

(8.9%), in women n = 14

(11.3%); total n = 66 (9.3%)

McHardy

et al. [22]

Amateur golfers: male

n = 1316, age 54.3 ± 15.3 y,

HC 18.1 ± 7.0; female

n = 318, age 59.2 ± 12.2 y,

HC 26.3 ± 9.5

Retrospective survey;

period: previous

12 months

288 subjects reported one or

more injuries; average injury

rate: 17.6%. Self-reported

injury timing: follow-through

30.2%, downswing 17.7%;

common self-reported injury

mechanism: incorrect swing/

poor technique 44.8%, overuse

25.3%; 57.3% of injuries

occurred over extended periods

Data extracted manually from

publication graphics. Knee

injuries total: 8.3%

McHardy

et al. [23]

Amateur golfers: male n = 473,

age 58.7 ± 13.5 y, HC

17.8 ± 6.5; female n = 115,

age 60.8 ± 9.9 y, HC

26.8 ± 9.2

Prospective survey;

period: previous

12 months

78 players reported 93 injuries.

Self-reported injury

mechanism: swing technique

46.2%, overuse 23.7%. Self-

reported injury timing: impact

23.7%, follow-through 21.5%,

slow onset 13%, downswing

7.5%

Data extracted manually from

publication graphics. Knee

injuries total: 8.7%

McNicholas

et al. [30]

(in Cabri

et al. [6])

286 amateur and professional

golfers, age range 0–70 y

Unspecified Knee injuries total: 13%

Smith and

Hillman

[15]

Professional golfers: European

PGA tour players

Consultation records

from tour

physiotherapy van;

period: 2 y, 2005,

2006 (36

tournaments)

2328 consultations were

considered to be related to

injury. Joint and muscular

conditions were the most

common injury type (92.7%)

Knee injuries total n = 78

(3.4%); 2005 n = 22 (2.1%);

2006 n = 56 (4.3%)

Stude et al.

[24]

Amateur golfers: male n = 322,

female n = 79

Retrospective survey;

period: entire

career

12% reported being injured

playing golf; 74% reported

pain or discomfort subsequent

to playing golf; 35% of those

with pain believed it interfered

with their ability to play

8% of pain reports were

localized to the knee

Sugaya et al.

[16]

Professional golfers: male tour

golfers n = 115, age 35 y

(21–54); male senior tour

golfers n = 55, age 53 y

(50–63); female tour golfers

n = 113, age 31 y (20–48)

Retrospective survey;

period unspecified

Total injuries n = 458; male tour

n = 203; senior male tour

n = 102; female tour n = 153

Total knee injuries n = 26 (9%);

male tour n = 9 (8%); senior

male tour n = 8 (15%); female

tour n = 9 (8%)
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with cemented implants had experienced radiographic

loosening since their procedure (Table 2) [3]. In a separate

study, three professionals and 39 amateur golfers with

TKAs were surveyed following return to golf. No

professionals reported any pain, injury, or revision at the

mean follow-up of 4 years [32]. Only 10% of the amateur

players reported pain (mean 5 years post-operatively),

which was lower than the preoperative levels. Finally,

Table 1 continued

References Cohort Study type General injury reports Knee injury reports

Thériault

et al. [31]

(in

Thériault

and

Lachance

[25])

Amateur golfers: male n = 378;

female n = 217; age range

12–70 y

Retrospective survey;

period unspecified

Male injury rate 23.3%; female

injury rate 29.0%; total injury

rate 25.2%, 1.31 injuries per

golfer. Self-reported injury

mechanism: overuse 20%,

technical errors/deficiencies

62.7%. Injury type: sustained

over prolonged period 54.5%,

single trauma 45.5%

Total knee injuries 4%

Values are presented as mean ± standard deviation (range) unless otherwise indicated

ED emergency department, HC handicap, PGA Professional Golfers’ Association, y year

Table 2 Prevalence of knee injury and/or pain in total knee arthroplasty golfers, population characteristics and potential injury mechanisms

extracted from injury surveys (n = 4) obtained through a systematic search of the literature

Study Cohort Study type Participation and surgeon

advice

Knee injury and pain reports

Mallon and

Callaghan

[3]

Amateur golfers, 83 TKA pts:

62 men, 21 women, 47 left

TKA, 26 right TKA; mean

age at follow-up 65.4 y; 80

golfers were right handed

Retrospective survey;

follow-up period:

minimum of 3 y post-

operative; radiographs

obtained for 54 subjects

78.3% were recommended to

use a cart; 86.7% used a golf

cart after TKA; 75.9% found

no shot harder after TKA;

16.9% found every shot

harder after TKA

Right TKA: pain during play

8.3%, pain after play 25%.

Left TKA: pain during play:

21.3%, pain after play 42.6%.

Indication of radiographic

loosening in 53.7% of all

prostheses, 79.1% of

cemented prostheses, 44.5%

of uncemented prostheses

Mallon et al.

[32]

Amateur n = 39, age at surgery

63 y (49–78); professional

n = 3, age at surgery 58 y

(52–65)

Retrospective survey:

professional follow-up:

4 y (2–8) post-operative;

amateur follow-up: 5 y

(0.5–11) post-operative

Professionals: All were able to

continue play and teaching

post TKA. Amateurs: All

continued to play at least 3

times per week

Professionals: no injury reports,

no revisions at time of survey.

Amateurs: 90% had no

discomfort during play, 10%

had some pain but less than

pre-operative levels, one

revision from the cohort

Noble et al.

[33]

TKA pts: 105 women aged

71 ± 11 y, 71 men aged

70 ± 9 y

Retrospective knee

function survey of TKA

golfers vs. results from

age-matched control

golfers

Control subjects: significant

pain 0%, some pain 7%. TKA

subjects: significant pain 6%,

some pain 49%

Jackson

et al. [72]

Amateur golfers, 93 TKA

patients: 80% male, 20%

female, mean age at TKA 66

y (44–79), HC 11–30; right

TKA 36 (39%); left TKA 17

(18%); bilateral TKA 40

(43%); 85 (91%) were right-

handed golfers

Retrospective survey;

follow-up period: mean

8.7 y (6.4–12.1) post-

operative

91% had played golf for C10 y.

Rounds per month: 33% less

than one, 36% 2–7; 31% C 8.

30% received surgeon advice.

Of these, 59% were restricted

to using a golf cart, 30% were

restricted to spike-less shoes,

15% received swing advice

from surgeons, 86% made no

swing changes post TKA

83% had less pain post TKA,

13% had more pain post

TKA, 28% felt driving the

ball was easier post TKA,

20% found driving the ball

and bunker play harder post

TKA

Values are presented as mean ± standard deviation (range) unless otherwise indicated

HC handicap, pt(s) patient(s), TKA total knee arthroplasty, y year
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when comparing TKA golfers and age-matched control

players, TKA players have been found to experience higher

rates of mild and considerable pain (TKA: 49 and 6% vs.

controls 7 and 0%, respectively) [33].

3.1.3 Case Reports

While most studies have failed to report the type of knee

injuries, case studies offer some indication as to the

structures that are susceptible to damage when playing

golf. Fractures and osteochondral fractures of the patella,

tibial stress fractures, failure of polyethylene knee arthro-

plasty components, and medial meniscal tear, have all been

reported while playing golf [29, 34–38]. Interestingly,

medial meniscus tears have been reported as the most

commonly diagnosed injury (17 of 35 injuries) followed by

joint degradation due to osteoarthritis (10 of 35) [29]

(Table 1).

3.2 Kinematics

In total, 12 studies have reported on knee kinematics

during the golf swing [39–50]. Kinematics were mea-

sured using retroreflective markers and infrared camera

systems in all studies except that of Hamai et al. [39],

which employed high frame-rate continuous X-ray

imaging. These 12 reports yielded only a small repre-

sentative population, with large variances in sample size

and little consistency in subject selection. These factors

made comparisons between groups and assessment of

influences on kinematic differences difficult to establish.

As a result, only two major comparisons were made:

kinematic differences between skill levels according to

handicap (HC), and kinematic differences between dif-

ferent clubs. Players were categorised into three skill

groups: amateurs (HC[10), skilled amateurs (HC 1–10),

and professionals (HC 0). Club types were also classified

into three groups: driver, mid-irons (5–7), and pitching

wedge or 9-iron.

The majority of reports in the literature address motion

of the knee about the flexion–extension axis, but only two

studies included kinematics regarding internal/external

rotation. No studies reporting tibio-femoral abduction/ad-

duction or translations in any plane during the golf swing

were found as a result of this literature review.

3.2.1 Lead Knee Flexion/Extension

Knee flexion angle in the lead knee at the top-BS varied

only little across most studies according to both club and

skill level of the player (Figs. 2, 3). However, our under-

standing of flexion angle at impact remains less clear. Here,

Somjarod et al. [50] observed noticeable differences

between professional (n = 2) and amateur (n = 2) players,

but no such differences were observed in another study

assessing a cohort of 308 players of differing skill levels

[43]. Additionally, no significant differences in flexion

angles were observed during any swing phase when kine-

matics were measured during swings using either a driver,

5-iron, or pitching wedge [40]. Similar patterns of rapid

extension were observed during the mid-DS phase in pro-

fessional (234 ± 24 deg/s) and amateur (184 ± 30 deg/s)

cohorts [50]. However, players achieving a high ball

velocity have been shown to have significantly higher rates

of lead knee extension than players with a low ball velocity

at both the early- and mid-DS phases (164 ± 62 vs.

53 ± 69 and 238 ± 76 vs. 177 ± 47 deg/s, respectively)

[46].

Despite the aforementioned similarities in kinematics

with respect to skill level and club, one study indicated sex

may indeed play a role. Egret et al. [42] found that males

experienced greater flexion in the lead knee at the top-BS

(35� ± 5�) than did females (17� ± 6�), in what the

authors hypothesized may be an effort to compensate for

decreased hip and shoulder rotation.

3.2.2 Lead Knee Axial Rotation

In their study of a single subject with a lead knee TKA,

Hamai et al. [39] used video-fluoroscopy to measure the

relative axial rotation of the tibial and femoral components,

with the following measurements: address -6.3�, early-BS

-7.4�, late-BS -8.1�, top-BS -13�, and end-FT -2.7�.
Positive values indicate internal rotation of the tibia [39].

Using skin marker-based motion capture, Somjarod et al.

[50] reported significant differences in lead knee axial

rotation between two professional and two amateur players

at the mid-DS (-15� ± 5� vs. -8� ± 2�), impact (2� ± 2�
vs. 10� ± 3�), and mid-FT (4� ± 2� vs. 11� ± 4�) phases.

3.2.3 Trail Knee Flexion/Extension

Seven studies also included results for trail knee kinematics

[39–41, 44, 45, 47, 49]. The trail knee in the sagittal plane

exhibited a smaller range of flexion as well as less rapid

movements throughout the course of the swing compared

with the lead knee (Fig. 4). No significant differences were

found when comparing the angular velocity of the trail leg

between groups with high and low ball velocity [46]. The

results presented by Somjarod et al. [50] also showed that

maximum trail knee angular velocity occurred during the

mid-DS phase for both professionals and amateurs, but the

magnitude was far less than that of the lead knee

(137.8 ± 31.4 vs. 113.1 ± 10.6 deg/s) [50].
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3.2.4 Trail Knee Axial Rotation

The axial rotation of the trailing leg was measured in three

subjects with a TKA using video-fluoroscopy [39]: address

9.8� ± 7.7�, early-BS 12.5� ± 7.6�, late-BS 13.9� ± 6.6�,
top-BS 16.0� ± 6.7�, and end-FT -5.5� ± 4.9�. Using

skin marker-based motion capture, Somjarod et al. [50]

also reported axial rotations of the trail knee: early-BS

-3.0� ± 4.1� vs. -2.2� ± 1.9�, mid-BS 2.3� ± 4.0� vs.

6.8� ± 1.0�, top-BS 4.5� ± 3.8� vs. 9.4� ± 1.5�, mid-DS

-13.5� ± 1.9� vs. -8.0� ± 2.7�, impact -13.4� ± 2.2�
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Fig. 2 a Lead knee flexion angle during swings of amateur (HC

[10), skilled amateur (HC 1–10), and professional golfers using all

club types. Where the description of two phases between studies was

similar, the respective data were merged into a common phase when

at least five studies had reported results. This resulted in the

establishment of six major phases throughout the swing: address, top

of the backswing (top-BS), middle of the downswing (mid-DS),

impact, middle of the follow-through (mid-FT), and End-FT. Thick

lines and thin lines represent the combined mean and standard

deviation of all study groups, respectively [39–50]. Electromyo-

graphic activity (mean ± standard deviation) as a percentage of

muscle activity during maximum voluntary contraction (%MVC) of

muscles crossing the knee joint at five phases of the golf swing: BS,

early-DS, late-DS, early-FT, and late-FT, reported by b Bechler et al.

[53] and c Marta et al. [54]. Muscles analysed: biceps femoris (BF),

semimembranosus (SM), vastus lateralis (VL), semitendinosus (ST),

gastrocnemius medialis (GNm), gastrocnemius lateralis (GNl), vastus

medialis (VM), rectus femoris (RF). HC handicap
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vs. -9.9� ± 2.9�, and mid-FT 12.3� ± 2.4� vs.

-9.0� ± 4.2�.
Finally, a study using skin-mounted markers to assess

older men found that both lead knee peak internal

(20� ± 7�) and external (14� ± 5�) rotations exceeded

those of the trail knee (15� ± 6� and 10� ± 6�, respec-

tively) [48]. The effect of club influence on knee axial

rotation has not yet been reported in the literature.

3.3 Kinetics

The literature search identified six studies that calculated or

measured the forces and/or moments occurring at the knee

during the golf swing [7, 10, 11, 44, 48, 51]. Four studies

used inverse dynamics driven by motion capture and

ground reaction forces to calculate the external moments

and reaction forces [7, 44, 48, 51]. The remaining two

studies reported results measured from subjects with

instrumented TKAs [10, 11].

3.3.1 Forces

The peak compressive force calculated using inverse

dynamics was 100.0 ± 18.9%BW in the lead knee and

71.5 ± 8.7%BW in the trail knee, occurring at

29.5� ± 9.2� and 21.5� ± 6.0� of flexion, respectively [7]

(Table 3). Contrary to these early results, D’Lima et al.

[11] measured tibio-femoral contact forces in the lead knee

of up to 440 and 320%BW in the trailing knee. Addition-

ally, the difference between lead knee contact force when

using a sand wedge and driver was only 30%BW [11]

(Table 3). A second study measuring a single left-handed

player with a right (lead) knee instrumented implant

reported contact forces of 320%BW occurring at 27–30� of

flexion [10] (Table 3).

Although only a few quantitative results have been

presented, anterior–posterior shear forces in the lead knee

calculated using inverse dynamics [7] suggested magni-

tudes in a range comparable to that measured using

instrumented implants [11]: 39 ± 11 and 34 ± 1%BW,

respectively; knee unspecified (Table 3).

3.3.2 Moments

Only two studies reported the magnitude of both abduction

and adduction moments calculated using inverse dynamics

[7, 51]. Lynn and Noffal [51] reported abduction moments

with the lead foot straight at address and externally rotated

by 30� that were similar in magnitude to those published by

Pfeiffer et al. [48] (Table S1 in the Electronic Supple-

mentary Material [ESM]). However, this external rotation

of the lead foot did significantly reduce the magnitude of

adduction moments when compared with the straight foot

stance [51]. Conversely, Gatt et al. [7] calculated larger

adduction than abduction moments in the lead knee

(Table S1 in the ESM). The comparative magnitude of

flexion and extension moments in the lead knee was

inconsistent across studies. Flexion moments ranged from

0.10 [44] to 1.26 ± 0.41 Nm/kg [7], whereas extension

moments ranged from 0.27 ± 0.31 [7] to 1.15 Nm/kg [44]

(Table S1 in the ESM) [7, 11, 44, 48, 51]. The magnitude

of knee axial rotation moments has only been reported

twice in the literature, once calculated using inverse

dynamics and once using instrumented TKAs [7, 11].

Although D’Lima et al. [11] did not indicate the direction

of the measured axial moment or the knee in which it was

measured, the magnitude (0.17 ± 0.02 Nm/kg) was com-

parable to that reported by Gatt et al. [7] for lead knee

internal rotation (0.21 ± 0.07 Nm/kg) but less than the

external rotation moment (0.36 ± 0.13 Nm/kg). Addition-

ally, Gatt et al. [7] calculated significantly smaller mag-

nitudes of both internal and external rotation moments in

the trailing knee when compared with the lead knee.
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Magnitudes of flexion and extension moments about the

trail knee during the golf swing were within similar ranges

across studies [7, 44, 48] (Table S2 in the ESM). Choi et al.

[44] observed that less skilled golfers exhibited a more

random pattern of peak knee flexion moment in relation to

knee flexion angle than did their more consistent skilled

counterparts.

3.4 Electromyography

Three studies reporting muscle activity about the knee

during the golf swing were identified. Carlsöö [52]

measured over 300 5-iron swings from a single profes-

sional male golfer, but little detail was provided as to the

data-collection methods used, and only qualitative data

could be extracted from the results. Bechler et al. [53]

utilized fine wire insulated needles inserted directly into

muscle bellies to measure three muscles crossing the knee

joint (biceps femoris [long head], semimembranosus, and

vastus lateralis) during the driver swings of 13 skilled

amateur golfers. More recently, surface electrodes were

used to measure the activity of six muscles crossing the

knee joint (vastus medialis, vastus lateralis, rectus femoris,

biceps femoris, semitendinosus, gastrocnemius medialis,
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Fig. 4 a Trail knee flexion

angle of players of all skill

levels using all club types at the
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top of the backswing (top-BS),

middle of the downswing (mid-

DS), impact, middle of the

follow-through (mid-FT), and
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[39–41, 44, 45, 47, 49].

Electromyographic activity

(mean ± standard deviation) as

a percentage of muscle activity

during maximum voluntary

contraction (%MVC) of

muscles crossing the knee joint

at five phases of the golf swing:

BS, early-DS, late-DS, early-

FT, and late-FT, reported by

b Bechler et al. [53] and c Marta

et al. [54]. Muscles analysed:

biceps femoris (BF),

semimembranosus (SM), vastus

lateralis (VL), semitendinosus

(ST), gastrocnemius medialis

(GNm), gastrocnemius lateralis

(GNl), vastus medialis (VM),

rectus femoris (RF)
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and gastrocnemius lateralis) during the swings of players

using a pitching wedge, as well as a 7- and 4-iron [54]. The

two latter studies expressed muscle activity as a percentage

of a maximum muscle voluntary contraction (%MVC).

3.4.1 Lead Leg

Qualitative assessment of results presented by Carlsöö [52]

showed that, following top-BS, the flexors of the lead leg

(biceps femoris, semimembranosus, and semitendinosus)

experience maximum activation, which is maintained until

the late-FT. At early-DS, the major extensors of the knee

(rectus femoris, vastus medialis, and vastus lateralis) all

experience an increase in activity, reaching a peak around

impact. Following impact, the biceps femoris, semimem-

branosus, and semitendinosus muscles remain activated

during the early-FT, followed by a decrease in activation

until late-FT. Concurrently, the activity of the rectus

femoris, vastus lateralis, and vastus medialis remains

moderate immediately following impact and gradually

decreases as the FT continues to the finish of the swing

[52].

Bechler et al. [53] measured high levels of activation in

the vastus lateralis (88%MVC) during the forward swing,

which was maintained into the early-FT (59%MVC).

Activity of the biceps femoris and semimembranosus also

peaked during phases of the forward swing, with activation

levels of 83 and 51%MVC, respectively (Fig. 2). Similar

results reported by Marta et al. [54] showed high levels of

quadriceps (vastus medialis, rectus femoris, and vastus

lateralis) activity, i.e., 43–58%MVC during the forward

swing. Muscles of the hamstrings (biceps femoris and

semitendinosus) also showed peak activity of

33–57%MVC during the latter stages of the forward swing

(Fig. 2). Additionally, no significant difference in lead leg

muscle activity was reported between the use of a pitching

wedge, a 7-iron, and a 4-iron [54].

3.4.2 Trail Leg

During the backswing, all three studies measured minimal

activity in the extensor muscles but moderate levels of

activity in the flexors of the trail knee. Most notably, all

three reports measured peak knee flexor activity during the

early stages of the DS, which was immediately followed by

a major decrease in activation prior to impact [52–54].

Extensors of the trail leg showed consistent activation

throughout all phases of the forward swing and FT, but the

magnitude of peak activity was less than that of the knee

flexors [53, 54] (Fig. 4). Marta et al. [54] reported signif-

icant differences in activation levels between the 4-iron and

pitching wedge in all muscles besides the vastus lateralis

[53].

4 Discussion

Golf is considered a low-impact sport; however, surveys

have shown that knee injuries do occur as a result of par-

ticipation. This systematic review of the literature revealed

that the prevalence of knee injury generally ranges from 3

to 18%, demonstrating a prevalence comparable to that of

Table 3 Knee joint contact forces as a percentage of bodyweight during golf reported in the literature

Study Condition/

anatomical

direction

Lead knee

(%BW)

Trail knee

(%BW)

Unspecified

knee (%BW)

Gatt et al. [7]. 13 men, age 35 ± 14.2 y, mean HC 11.2 (4–18), inverse

dynamics approach, 5-iron

Compressive 99.9 ± 18.9 71.5 ± 8.7

Anterior 39.0 ± 10.7 19.9 ± 5.0

Posterior -0.3 ± 2.6 10.1 ± 3.5

Medial 9.9 ± 3.3 9.5 ± 2.8

Lateral 17.0 ± 8.6 11.4 ± 4.2

D’Lima et al. [11]. Two men aged 83 and 81 y, one woman aged 67 y; HC not

reported; instrumented knee implant, driver and sand wedge

Driver:

compressive

440 320

Sand wedge:

compressive

410

Driver: anterior

shear

34 ± 1

Mündermann et al. [10]. One man aged 81 y, HC not reported, right

instrumented knee implant, club unspecified, handedness obtained from

author correspondence

Compressive 320

Values are presented as mean ± standard deviation (range) unless otherwise indicated

HC handicap, y year, %BW percentage of bodyweight
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high-impact sports such as basketball [55–58]. Consensus

within the literature indicates that most golf injuries occur

as a result of either overuse or poor and inconsistent

technique [6], and indeed these were found to be the two

most frequently cited causes for injury of the knee in both

amateur and professional cohorts [5, 17]. Two of the

highest knee injury rates reported in the literature referred

to groups of professional or highly proficient amateur

golfers [16, 18], with senior professional golfers surveyed

by Sugaya et al. [16] demonstrating a knee injury rate of

15%. Additionally, McCarroll and Gioe [14] found that

68.7% of professional golfers’ injuries were due to repet-

itive practice swings. Similarly, some studies have shown

that older amateur players are at greater risk of knee injury

during golf than are younger players [19, 27, 28], whereas

other results indicate older players are more likely to

aggravate a previous condition [17]. This review indicates

that older players most likely experience a higher preva-

lence of knee injuries; however, data are insufficient to

conclude that these injuries resulted only from participation

in golf. Still, these results may suggest that the combined

loading conditions at the knee associated with both a

skilled player’s and an amateur’s golf swing are sufficient

to result in progressive damage of the joint, re-aggravation

of a previous condition, and possibly eventual traumatic

injury.

The notion that players may be prone to trauma through

aggravation of a previous injury is consistent with the

results of multiple studies [5, 17, 29]. In fact, Gosheger

et al. [5] reported that 31.3% of players experiencing

chronic knee pain prior to golf felt that playing the game

had worsened their symptoms. Additionally, Guten [29]

found that 15 of 35 golfers reporting to a clinic with knee

injury had previously undergone meniscectomy. These

results indicate that players are likely at risk of injury due

to differing mechanisms; however, these may be influenced

by their previous history of knee injury, level of partici-

pation, and for how long they have played golf.

As most studies focus on the more prevalent older

cohorts, the effects of playing and practicing golf at a

younger age have not been well documented. According to

Cabri et al. [6], younger players are rarely exposed to

overuse conditions that are conducive to musculoskeletal

injury; however, this statement may not be as relevant as it

once was. Given the emergence in recent years of intensive

programs to cater to players aged \18 years [59, 60], it

would be reasonable to assume that some of these younger

participants, particularly young elite, may be subject to

repetitive overuse loading conditions. Apart from age, no

clear consensus was reached among studies in identifying

subject groups at high risk of knee injury. Surveys of both

male and female groups indicated little consistent evidence

of injury bias, regardless of skill level [14, 16–18, 61].

Similarly, there was little difference in the rate of injury

between professionals and amateurs across studies

(Table 1).

Golf is commonly used as part of post-operative reha-

bilitation programs. In contrast, high-impact sports such as

jogging and singles tennis are often not recommended or

allowed [3, 4, 62–66], with such advice based mainly on

the clinician’s experience and self-assessment of the

patient’s condition [1, 3, 4, 65]. Although the number of

instances where larger loads may be experienced during a

game of golf will be far less than in many other activities,

loads reported by instrumented implant studies have shown

the golf swing has the potential to generate loads in the

lead knee slightly higher than those during tennis and

consistent with those during jogging [11]. Mallon and

Callaghan [3] showed that a large number of players,

especially those with lead knee TKAs, experienced pain

during and after golf. These data suggest a difference in the

internal loading conditions between the lead and trail

knees, which would be in accordance with biomechanical

concepts as well as measured joint contact forces and

ground reaction torques, which suggest consistently greater

magnitudes in the lead leg [11, 67, 68]. Interestingly, a

non-peer-reviewed informal survey conducted by former

Professional Golfers’ Association (PGA) Tour and Cham-

pions Tour professional Howard Twitty [69] found that

55% of players interviewed at a 2009 PGA Champions

Tour (50? age group) event had experienced a knee injury

at some point in their career—possibly indicating an

association between long-term golfing participation and

injury. In his informal survey, Twitty also reported that

83% of injuries were to the left knee, and only 17%

occurred in the right knee [69]. Although the handedness of

the players was not specified, it could generally be assumed

that the majority of golfers are right handed and that these

injuries therefore occurred in the lead (left) knee.

Multiple surveys have reported that rates of return to

golf following TKA range from 30 to 57% [63, 64, 70],

although patients who have received unicompartmental

arthroplasty seem to have higher rates of return [64, 71].

Pain and discomfort may account for the disparity between

the apparent lack of restrictions regarding return to golf

following TKA and the often low rates of return that

actually occur [63, 64, 70]. Such a conclusion is supported

by the fact that TKA golfers experience greater pain than

age-matched controls who do not play [33]. Return to golf

following TKA also seems to be an individualized issue, as

some aspects of the game, such as driving from the tee,

became relatively easier or harder for different players

post-TKA [72]. However, it must also be taken into con-

sideration that the ease with which players can perform

certain shots may be highly dependent on the knee that was

injured or replaced, the golfer’s technique, or even the
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specific implant and its interaction with the surrounding

soft-tissue structures. As a result of these aforementioned

factors, it seems that clinicians should take into account the

laterality of a TKA when advising return to golf. Addi-

tionally, it seems that there is a need for further investi-

gation into the potential risks golf poses to TKA damage in

order to better inform clinicians.

Recommendations regarding injury prevention by

means of technique changes or use of equipment have

also lacked supporting evidence. The use of shorter

clubs has often been recommended to reduce the

intensity of the swing and therefore the loads on the

knee [8, 29, 73]. However, D’Lima et al. [11] found no

significant difference between the compressive loads in

the knee when using a driver as opposed to a sand

wedge. Additionally, the amount of torque generated at

the ground by the lead foot has been found to be sim-

ilar, regardless of the club used [67, 68]. Spike-less

shoes have also been suggested as a potential method to

reduce the torque experienced in the knee [29, 72], but

Gatt et al. [7] found no significant influence on mean

peak forces and moments in the lead knee with or

without them. Similarly, Worsfold et al. [67, 68]

reported no significant difference in lead foot torque

generation when using classic spikes, modern spikes, or

flat-soled shoes, indicating that this commonly advised

equipment change may not decrease the risk of knee

injury due to excessive torsion at the knee joint [7].

These results indicate that such common recommenda-

tions to reduce knee loading through equipment changes,

and thereby reduce injury risk, lack supporting evidence.

Similarly, few studies have examined the efficacy of

technique changes in decreasing a player’s risk of knee

injury. Specifically, the influence of flexion angle and

weight distribution on loading conditions at the knee

remains inconclusive [29, 73, 74], However, the inconsis-

tency in flexion and extension moments across kinetic

studies demonstrates that loading patterns obviously differ

between players. Given the magnitude of these moments is

likely influenced by the knee flexion angle throughout the

swing, technique changes may aid in reducing these

external moments experienced by the knee. The common

recommendation to externally rotate the lead foot by 30�
has indeed been shown to result in significant reduction of

external adduction moments in the lead knee [51]. Here, a

wide range of factors, including age, skill level, technique,

physical strength, flexibility, warm-up habits, etc. clearly

vary from player to player. Therefore, general recommen-

dations regarding technique, especially in subjects return-

ing from knee injury or TKA, may not be valid for all

golfers, and a more individual analysis that considers their

specific biomechanical circumstances might aid in a

reduction of injury risk.

Although a common pattern of knee motion was evident

in golfers’ swings using most clubs, it is clear that the

magnitude of knee flexion and axial rotation can vary

greatly between individuals and appears to be dependent on

technique rather than skill level. However, the rate of

extension in the lead knee during the DS was shown to be

greater in players with a higher ball velocity, an attribute

associated with most professionals [46, 50]. The magni-

tudes of knee axial rotation at each phase of the swing

varied between subjects; however, a clear pattern of tibial

external rotation during phases of the BS followed by a

large amount of internal tibial rotation during the forward

swing and following impact was observed [39, 50]. The

different magnitudes of tibial internal rotation could pos-

sibly be due to the error associated with skin marker

kinematic measurement when compared with fluoroscopic

measurement [75]. Alternatively, the comparison of pro-

fessional and amateur players by Hamai et al. [39] suggests

this may be another example of the variance in kinematics

that would result from differing techniques. Regardless, it

was shown that, in TKA golfers, the ability to ‘‘rapidly

generate unusual magnitudes of axial rotation,’’ combined

with the large range of motion (average 18.7� from the top

of the BS through to impact) [39], may raise concerns that

the golf swing could be detrimental to implant health. Here,

the range of knee rotation could result in contact locations

at the edges of the polyethylene surface, potentially leading

to chronic wear and implant damage [39].

Although only representative of a single TKA subject,

Mündermann et al. [10] found that an amateur golf swing

was able to generate a loading pattern where a greater

proportion of the peak load was placed on the lateral

compartment than the medial, a pattern that was not seen in

any measured activity of daily living. These results, along

with reports that 54% of all TKA golfers assessed, and 79%

of those with cemented implants, had experienced radio-

graphic loosening, all indicate that lead knee kinematic and

kinetic factors associated with certain techniques may

place undue stresses on implant components and plausibly

also structures of a natural knee [3]. The anterior cruciate

ligament (ACL), ligamentous structures of the medial and

lateral knee as well as the posterior medial capsule have

been shown to play a crucial role in resisting internal tibial

rotation, especially at flexion angles lower than 30�
[76–82]. Given the kinematic patterns, and particularly the

high levels of tibio-femoral torsion, associated with the

golf swing, it is possible that these structures are exposed to

strains that may not be experienced during activities of

daily living and might therefore be at increased risk of

injury.

A key factor in establishing potential injury mechanisms

and therefore risk of injury is the loads experienced by the

knee joint during a movement. Only two studies reported
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both the kinematics and the kinetics of the knee during

golf. The flexion angle at peak compressive load in the lead

knee reported by Gatt et al. [7] and by Mündermann et al.

[10] was 29.5� ± 9.2� vs. 27�–30�, respectively. However,

Gatt et al. [7] concluded there was no discernible consistent

loading pattern during the golf swing, due to the large

inter-subject variability of the mean peak forces and

moments, together with the knee alignment when these

loads occurred. However, the magnitude of peak forces

differed significantly between those measured in subjects

with instrumented TKAs (lead 320–440%BW and trail

320%BW) [10, 53], and those reported by Gatt et al. [7]

(lead 99.9 ± 18.9%BW and trail 71.5 ± 8.7%BW). These

results highlight the importance of the additional forces due

to muscle activity that are not considered in inverse

dynamics approaches. Consequently, the conclusions of

reviews based on the resultant forces from the inverse

dynamics analysis of Gatt et al. [7], rather than the ‘‘bone-

on-bone’’ joint contact forces that are known to occur

in vivo, should therefore be interpreted with caution

[6, 8, 83].

Although only three studies were found that reported

muscular activity about the knee during golf, common

trends in muscle activation of both the lead and the trail

legs were identified. Trail knee muscles become largely

inactive once the majority of body weight has been trans-

ferred to the lead leg, following the early stages of the DS.

However, both flexor and extensor muscles crossing the

lead knee show high levels of activation from the top of the

BS onwards. This suggests that co-contraction is used to

stabilize the knee joint, possibly explaining the high tibio-

femoral joint contact forces (1943 N) measured in an

instrumented knee TKA at the corresponding vertical

ground reaction force of only 340 N [10].

Finally, the effects of fatigue should also be considered

when attempting to identify risk factors for knee injury

during golf. Golfers will often choose to walk the length of

the course during play, which can involve crossing uneven

terrain, especially off the fairway. Vandervoort et al. [84]

noted that walking associated with golf provides an

opportunity to maintain some level of cardiovascular fit-

ness; however, over the course of a match, this may con-

tribute to increased fatigue, especially in older players. As

a result, it is possible that the knee may be less equipped to

balance the external forces occurring during a swing.

Although not extensively investigated in the literature,

unusual or awkward lies may also result in a stance and

swing that produces more demanding kinematics and

greater knee loads. Such conditions could increase the risk

of knee injury, especially if a player is also experiencing

fatigue of the lower limb muscles. Therefore, in some

cases, it may be beneficial for certain players to avoid

walking long distances while playing golf and/or to avoid

playing unconventional and awkward shots.

This review seems to indicate that, contrary to the per-

ceived low-load/low-injury risk impression given to play-

ers, a complex set of conditions occur in the knee during

the forward swing that could result in injury. Given the

lack of published results detailing the specifics of injury

mechanisms that would account for the injury rates

reported in the literature, an analysis of the kinematics and

kinetics experienced by the knee joint during the golf

swing may aid in identifying potential structures that are

subject to stress. This review has identified the following

patterns of motion and loading that may be experienced by

the knee, especially on the leading side, during a golf

swing:

• rapid knee extension occurring at a range of joint

flexion between 0� and 30�,
• considerable internal tibial rotation and large ground

reaction axial torque,

• at low flexion angles, hamstring activity is ineffective

in actively restraining anterior tibial displacement and

therefore mainly contributes towards greater compres-

sion of the joint,

• strong quadriceps activity contributing to high joint

loading,

• due to the natural anterior to posterior slope of the tibial

plateau, compression of the tibio-femoral joint (result-

ing from the aforementioned muscle forces) produces

anterior tibial displacement.

This combination of joint kinematics and kinetics would

suggest that structures of the knee resisting joint com-

pression and internal rotation of the tibia in a knee joint

flexed at B30� (a common sports injury mechanism) may

be susceptible to injury [75–77, 79, 85–88]. As a result,

ACL rupture [77, 89–91], chondral and osteochondral

injuries to both the femoral condyles and tibial plateau, as

well as associated injuries to the menisci and/or posterior-

medial capsule, are potential injuries that may occur from

undue and repetitive stress resulting from the swing

[80, 86–88, 92]. Furthermore, excessive axial rotation can

result in contact between the femoral condyles and the

tibial spine, where the cartilage is less robust and may

therefore be susceptible to damage at lower magnitudes of

load [86, 88]. Importantly, such injuries could occur as a

result of sudden trauma or repetitive loading, both of which

have been identified as possible mechanisms for knee

injury during golf. Indeed, evidence of injuries to some of

the aforementioned structures has been seen in some case

reports [29, 36]. Although it is often difficult to attribute

the occurrence of many injuries purely to involvement in

golf as opposed to other activities, this biomechanical

analysis may help to explain the mechanisms responsible
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for undiagnosed injuries reported in the literature to date.

While it is evident that this combination of conditions

could present a risk of knee injury, especially to subjects

returning from previous injury or TKA, it is clear that the

knee is normally capable of withstanding the loads gener-

ated during the golf swing. Although further investigation

into these injury mechanisms and their relationship with

the golf swing are critically required, clinicians and coa-

ches should consider each specific patient’s participation in

golf, especially taking into account the laterality of the

injured knee.

This review is not without limitations. For example,

retrospective studies included in the review are inherently

subject to recall bias and, as a result, the statistics of injury

rates and, if addressed, the factors that contributed to the

cause or irritation of such injuries, may not be entirely

accurate [23]. Another drawback associated with survey

results such as these is the fact that it is often difficult to

attribute the occurrence of many injuries purely to

involvement in golf as opposed to other activities. How-

ever, the greatest limitation regarding the interpretation of

knee injury statistics is the lack of information surrounding

the nature of the injury recorded, given many studies did

not enquire as to the laterality, diagnosis, or etiological

basis of the injury.

Some limitations were also present when reviewing

knee kinematics. First, all studies were performed in either

a driving range or laboratory environment with level

ground and ideal lie conditions. Greater variability in knee

kinematics will almost certainly be present during real play

on a course with a variety of terrains. Here, skill level may

have a greater impact on a player’s ability to execute

consistent motions with a changing position relative to the

ball, a factor that is yet to be considered in studies reporting

knee kinematics. Second, all but one study measured knee

kinematics using optical motion capture techniques, an

approach that is inherently affected by soft tissue artefact

[93], especially when assessing axial rotation, which has

been identified as a potential factor in the mechanism of

knee injury during golf. Lastly, heterogeneity in study

designs when measuring kinematics makes comparisons

between specific groups difficult, also resulting in differing

definitions of swing phases where knee flexion angles were

reported. Despite these issues, this systematic review of the

literature now represents the state-of-knowledge regarding

risk factors for knee injury in golf.

5 Conclusion

This systematic review of the literature indicates that

injuries to the knee account for 3–18% of all golf-related

injuries. To date, the majority of studies addressing knee

loading in golf have based conclusions on the results of a

single inverse dynamics study that underestimated the true

magnitude of the in vivo joint contact forces as measured in

instrumented implants. This review is therefore the first to

identify this inconsistency and provide a clear, informed

overview of the rates of knee injury in golf, the loads that

occur in the knee, the associated joint kinematics, and the

injury risks.

Details surrounding the laterality, mechanisms, and type

of knee injuries that players experience are scarce. How-

ever, the literature reports loads generated in the knee

during the golf swing (320–440%BW) [10, 11] that are in

excess of some activities of daily living (level walking

261%BW, squatting 253%BW, stair ascent 316 %BW,

stair descent 346%BW) [94] and comparable to some

higher-intensity activities (tennis serving 424%BW, jog-

ging 439%BW) [11]. These loads alone are therefore

unlikely to be of a magnitude that poses a high risk of

traumatic injury. However, the addition of tibial internal

rotation at low flexion angles is likely to expose the knee,

especially on the leading side, to more aggressive condi-

tions. As a result, it seems reasonable that the loading

conditions occurring during the golf swing could contribute

towards repetitive degeneration and overuse injuries.

Moreover, players with a prior history of knee injury or

after total knee replacement might plausibly be exposed to

a risk of more serious traumatic injury.

Although injury reports are yet to definitively establish

which knee has a higher rate of injury, the lead knee

appears to be exposed to higher magnitudes of stress and

more complex kinematics than the trailing knee. Recom-

mendations regarding return to golf following knee injury

or surgical intervention should carefully consider the lat-

erality of the injury. Currently, very few of the modifica-

tions to golfing equipment or technique suggested in the

literature are based on empirical evidence; however, it is

possible that avoiding awkward lies that may require an

unconventional swing could help avoid placing unneces-

sary stress on a player’s knees. Additionally, fatigue

associated with walking long distances during golf may

also reduce the knee’s ability to deal with external loads

and motions during the swing, thereby increasing risk of

injury.

In light of this, and given the importance of golf for

many players with respect to remaining active, fit, and

social, further research aimed at identifying potential loads

associated with an individual’s swing, as well as situations

that may increase stress on the knee joint such as uneven or

awkward lies, technique, or fatigue, should be pursued.

This will better inform the clinician, golf professionals, and

players alike about reducing risk of knee injury. Until such

time, the status quo that golf poses little risk of injury
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should be reconsidered, especially for those who have

experienced previous knee joint damage.
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52. Carlsöö S. A kinetic analysis of the golf swing. J Sports Med

Phys Fit. 1967;7:76–82.

53. Bechler JR, Jobe FW, Pink M, et al. Electromyographic analysis

of the hip and knee during the golf swing. Clin J Sport Med.

1995;5:162–6.

54. Marta S, Silva L, Vaz JR, et al. Electromyographic analysis of

lower limb muscles during the golf swing performed with three

different clubs. J Sports Sci. 2015;34:1–8.

55. Borowski LA, Yard EE, Fields SK, et al. The epidemiology of US

high school basketball injuries, 2005–2007. Am J Sports Med.

2008;36:2328–35.

56. Drakos MC, Domb B, Starkey C, et al. Injury in the National

Basketball Association: a 17-year overview. Sports Health.

2010;10021:284–90.

57. Dick R, Agel J, Marshall SW, et al. Descriptive epidemiology of

collegiate men’s basketball injuries: national collegiate athletic

association injury surveillance system, 1988–1989 through

2003–2004. J Athl Train. 2007;42:194–201.

58. Agel J, Olson DE, Dick R, et al. Descriptive epidemiology of

collegiate women’s basketball injuries: national collegiate ath-

letic association injury surveillance system, 1988–1989 through

2003–2004. J Athl Train. 2007;42:202–10.

59. Professional Golfers’ Association of America. Rory McIlroy

named ambassador for PGA Junior League Golf—PGA.com.

2014. http://www.pga.com/pgachampionship/news/rory-mcilroy-

named-ambassador-pga-junior-league-golf. Accessed 15 Jan

2016.

60. Professional Golfers’ Association of America. PGA Junior Lea-

gue Golf teams to feature more than 8,000 kids. 2013. http://

www.pga.com/pga-america/pga-information/pga-junior-league-

golf-teams-feature-more-8000-kids. Accessed 15 Jan 2016.

61. McCarroll JR. The frequency of golf injuries. Clin Sports Med.

1996;15:1–7.

62. Healy WL, Sharma S, Schwartz B, et al. Athletic activity after

total joint arthroplasty. J Bone Jt Surg Am. 2008;90:2245–52.

63. Bradbury N, Borton D, Spoo G, et al. Participation in sports after

total knee replacement. Am J Sports Med. 1998;26:530–5.

64. Hopper GP, Leach WJ. Participation in sporting activities fol-

lowing knee replacement: total versus unicompartmental. Knee

Surg Sport Traumatol Arthrosc. 2008;16:973–9.

65. Jassim SS, Douglas SL, Haddad FS. Athletic activity after lower

limb arthroplasty: a systematic review of current evidence. Bone

Jt J. 2014;96 B:923–7.

66. Wylde V, Blom A, Dieppe P, et al. Return to sport after joint

replacement. J Bone Jt Surg Br. 2008;90:920–3.

67. Worsfold P, Smith NA, Dyson RJ. Low handicap golfers generate

more torque at the shoe-natural grass interface when using a

driver. J Sport Sci Med. 2008;7:408–14.

68. Worsfold P, Smith NA, Dyson RJ. Kinetic assessment of golf

shoe outer sole design features. J Sport Sci Med. 2009;8:607–15.

69. Twitty H. PGA Tour players have knee problems. 2009. http://

www.golfersknee.com/Study.aspx. Accessed 15 Jan 2016.

70. Chatterji U, Ashworth M, Lewis P, et al. The effect of total knee

arthroplasty on recreational and sporting activity. ANZ J Surg.

2005;75:405–8.

71. Fisher N, Agarwal M, Reuben SF, et al. Sporting and physical

activity following Oxford medial unicompartmental knee

arthroplasty. Knee. 2006;13:296–300.

72. Jackson JD, Smith J, Shah JP, et al. Golf after total knee

arthroplasty: do patients return to walking the course? Am J

Sports Med. 2009;37:2201–4.

73. Parziale JR, Mallon WJ. Golf injuries and rehabilitation. Phys

Med Rehabil Clin N Am. 2006;17:589–607.

74. Lindsay DM, Versteegh TH, Vandervoort AA. Injury prevention:

avoiding one of golf’s more painful hazards. Int J Sport Sci

Coach. 2009;4:129–48.

75. Moewis P, Duda GN, Jung T, et al. The restoration of passive

rotational tibio- femoral laxity after anterior cruciate ligament

reconstruction. PLoS One. 2016;11:1–14.

76. Meyer EG, Haut RC. Anterior cruciate ligament injury induced

by internal tibial torsion or tibiofemoral compression. J Biomech.

2008;41:3377–83.

77. Senter C, Hame SL. Biomechanical analysis of tibial torque and

knee flexion angle: Implications for understanding knee injury.

Sports Med. 2006;36:635–41.

78. Hame SL, Oakes DA, Markolf KL. Injury to the anterior cruciate

ligament during alpine skiing: a biomechanical analysis of tibial

torque and knee flexion angle. Am J Sports Med.

2002;30:537–40.

79. Markolf KL, Burchfield DM, Shapiro MM, et al. Combined knee

loading states that generate high anterior cruciate ligament forces.

J Orthop Res. 1995;13:930–5.

80. Robinson JR, Bull AMJ, Thomas RRD, et al. The role of the

medial collateral ligament and posteromedial capsule in con-

trolling knee laxity. Am J Sports Med. 2006;34:1815–23.

81. James EW, LaPrade CM, LaPrade RF. Anatomy and biome-

chanics of the lateral side of the knee and their surgical impli-

cations. Sports Med Arthrosc. 2015;23:2–9.

82. LaPrade MD, Kennedy MI, Wijdicks CA, et al. Anatomy and

biomechanics of the medial side of the knee and their surgical

implications. Sports Med Arthrosc. 2015;23:63–70.

83. McHardy AJ, Pollard H, Luo K. Golf injuries: a review of the

literature. Sports Med. 2006;36:171–87.

2638 M. L. Baker et al.

123

http://dx.doi.org/10.4172/2324-9080.1000147
http://dx.doi.org/10.4172/2324-9080.1000147
http://www.pga.com/pgachampionship/news/rory-mcilroy-named-ambassador-pga-junior-league-golf
http://www.pga.com/pgachampionship/news/rory-mcilroy-named-ambassador-pga-junior-league-golf
http://www.pga.com/pga-america/pga-information/pga-junior-league-golf-teams-feature-more-8000-kids
http://www.pga.com/pga-america/pga-information/pga-junior-league-golf-teams-feature-more-8000-kids
http://www.pga.com/pga-america/pga-information/pga-junior-league-golf-teams-feature-more-8000-kids
http://www.golfersknee.com/Study.aspx
http://www.golfersknee.com/Study.aspx


84. Vandervoort AA, Lindsay DM, Lynn SK, et al. Golf is a physical

activity for a lifetime. Int J Golf Sci. 2012;1:54–69.

85. Meyer EG, Haut RC. Excessive compression of the human tibio-

femoral joint causes ACL rupture. J Biomech. 2005;38:2311–6.

86. Meyer EG, Baumer TG, Slade JM, et al. Tibiofemoral contact

pressures and osteochondral microtrauma during anterior cruciate

ligament rupture due to excessive compressive loading and

internal torque of the human knee. Am J Sports Med.

2008;36:1966–77.

87. Urrea LH, Silliman JF. Acute chondral injuries to the femoral

condyles. Oper Tech Sports Med. 1995;3:104–11.

88. Bauer M, Jackson RW. Chondral lesions of the femoral condyles:

a system of arthroscopic classification. Arthroscopy.

1988;4:97–102.

89. DeMorat G, Weinhold P, Blackburn T, et al. Aggressive

quadriceps loading can induce noncontact anterior cruciate liga-

ment injury. Am J Sports Med. 2004;32:477–83.

90. Li G, Rudy TW, Sakane M, et al. The importance of quadriceps

and hamstring muscle loading on knee kinematics and in-situ

forces in the ACL. J Biomech. 1999;32:395–400.

91. Renström P, Arms SW, Stanwyck TS, et al. Strain within the

anterior cruciate ligament during hamstring and quadriceps

activity. Am J Sports Med. 1986;14:83–7.

92. Chahal J, Al-Taki M, Pearce D, et al. Injury patterns to the

posteromedial corner of the knee in high-grade multiligament

knee injuries: a MRI study. Knee Surg Sport Traumatol Arthrosc.

2010;18:1098–104.

93. Taylor WR, Ehrig RM, Duda GN, et al. On the influence of soft

tissue coverage in the determination of bone kinematics using

skin markers. J Orthop Res. 2005;23:726–34.

94. Kutzner I, Heinlein B, Graichen F, et al. Loading of the knee joint

during activities of daily living measured in vivo in five subjects.

J Biomech. 2010;43:2164–73.

Knee Injury Risk Factors in Golf 2639

123


	Risk Factors for Knee Injury in Golf: A Systematic Review
	Abstract
	Background
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Database Search and Selection Criteria
	Data Extraction, Synthesis and Analysis

	Results
	Injuries
	Injuries Independent of Knee Condition
	Arthroplasty-Related Injuries
	Case Reports

	Kinematics
	Lead Knee Flexion/Extension
	Lead Knee Axial Rotation
	Trail Knee Flexion/Extension
	Trail Knee Axial Rotation

	Kinetics
	Forces
	Moments

	Electromyography
	Lead Leg
	Trail Leg


	Discussion
	Conclusion
	Open Access
	References




