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Abstract

Purpose of Review Golf'is a sport that can be played by an athlete of any age, which enhances its popularity. Each golfer’s swing
is unique, and there is no “right” way to swing the golf club; however, the professional golfer often has more of a consistent swing
as opposed to an amateur golfer. A collaborative, team approach involving the golfer with a swing coach, physical therapist, and
physician often can be informative on how to prevent golf injury, but also how to treat golf injury if it occurs.

Recent Findings As a rotational sport, the golfer needs to be trained and treated with respect for how the body works as a linkage
system or kinetic chain. A warm-up is recommended for every golfer before practicing or playing, and this warm-up should account
for every segment of the linkage system. Though it has been thought of as a relatively safe sport, injuries can be seen with golfers of
any age or skill level, and upper body injuries involving the cervical and thoracic spine, shoulder, elbow, and wrist are common.
Summary A narrative review is provided here of the epidemiology of golf injury and common injuries involving each of these

upper body regions. In addition, treatment and injury prevention recommendations are discussed.

Keywords Golf - Cervical spine injury - Thoracic spine injury - Shoulder injury - Elbow injury - Wrist injury

Introduction

Golf is a popular sport played worldwide. There are no gen-
der, skill, or age limits to participate in golf, which is one of
the many reasons it is so popular. In addition, it allows for
social interaction and can provide moderate-intensity physical
activity [1]. While not often thought of as a sport associated
with many injuries, golf-related injuries are reported by pro-
fessional and amateur golfers [2¢, 3, 4]. There are factors out
of'the golfer’s control that may lead to injury, such as obstruc-
tions the golfer may hit or wet grass they may slip on when
they are hitting a ball. Within the golfer’s control, however, is
the golf swing, which requires a synchronized action of
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multiple body parts, muscle strength, timing, and coordination
of movements to generate high clubhead speeds. In many
instances, the golf swing exceeds 100mph in an effort to drive
a ball more than 300 yards [5]. The golf swing is idiosyncratic
to the golfer and there is no “right” way to swing a golf club.
The upper body, including the cervical and thoracic spine,
shoulder, elbow, and wrist, are common areas for injury relat-
ed to the golf swing to occur. A narrative review of upper
body injuries in the golfer is presented here. When referring
to the golf swing or golfer, a right-handed golfer will be the
reference point, the “lead” side will be the left side, and the
“trail” side will be the right.

Golfers’ Habits and Motivation

Amateur and professional golfers are very different. One ma-
jor area of difference was highlighted by Theriault and
Lachance, who noted that the habits of golf practice differ
substantially between amateurs and professionals [6]. This is
important when later considering the etiology of golf injury.
An amateur’s availability to practice may often be impacted
by their work or school schedule, for instance. Alternatively, a
professional golfer plays golf to make a living and, therefore,
may play every day or most days of the week 6 to 10 h a day.
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A study of 600 amateur golfers showed that they played an
average of 3.0+1.4 days and 14.7+7.7 h per week [6].
Amateur and professional golfers’ motivations are different,
even though both types of golfers share the same interest and,
in some cases, the same passion for the sport. Professional
golfers are inherently motivated, as golf performance is the
main source of income. When looking at amateur golfers’
main motivations to play golf, it is noteworthy that 88.7% of
the group practicing golf as a recreational activity were moti-
vated by the health and leisure aspect, with 44.7% reporting
this to be the main motivation. Contact with the natural envi-
ronment was the second main motivator for amateurs playing
golf. Besides the pleasure of practicing golf itself, the amateur
golfer also seeks to gain health benefits from contact with the
natural environment and from the physical exercise and ener-
gy expenditure related to walking. Studies evaluating calorie
expenditure playing golf typically identify golf as a moderate-
intensity physical activity with energy expenditure of 3.3—
8.15 kcal/min [1, 7-14], 264-450kcal/h [1, 9, 10, 14] and total
energy expenditure of 531-2467 kcal/18 holes [1, 8-11,
14-22]. Golfers walking 18 holes take between 11,245 and
16,667 steps [1, 18, 23-25], walking 4-8 miles [1, 9, 17-19,
23, 24, 26], while those riding a golf cart accumulate 6280
steps [1, 25] or just under 4 miles [9].

Epidemiology

Consistent with differing motivations, injuries affecting ama-
teur players appear to differ when compared with profes-
sionals [3¢]. One of the reasons may have to do with differ-
ences in swing biomechanics. There has been a shift with the
professional swing to more of a modern swing with an em-
phasis on creating an “X-factor,” which is the difference in
relative rotation of the shoulders with respect to the hips dur-
ing the golf swing, as opposed to the classic swing where the
shoulder and hip rotations are more synchronous [3¢, 27, 28].
A large X-factor at the top of the backswing is thought to
generate high club speed at impact. Cheetham et al.’s work
showed that the “X-factor stretch,” how the X-factor changes
at the beginning of the downswing, is even more important to
an effective swing [28]. It has also been noted that forearm
muscles in the trail and lead arm are used differently [3e, 29].
Amateur golfers, in contrast with professional golfers, had
more muscle activity in the pronator teres of the trail arm in
the forward swing phase and a trend toward increased activity
in the acceleration phase. Professional golfers, in contrast, had
more pronator teres muscle activity of the lead arm in the
acceleration phase and a trend toward increased activity in
the early follow-through phase. Professionals also swing with
greater clubhead speeds and, as previously noted, have in-
creased playing volume per week [3e, 30]. For instance, it
was noted that greater than 70% of professionals hit more than
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200 balls per week, whereas less than 20% of amateurs hit the
same amount per week.

There have been a number of studies looking at establishing
the most frequent injuries affecting amateur golfers. Batt [31]
received questionnaire responses from 193 out of 461 male and
female amateur golfers from a golf club and identified actual
injuries while playing golf and incidental injuries, which were
other injuries compromising an individual’s ability to play golf.
Mean age was 49.5 and mean handicap 14.2 in men, and mean
age was 53 and mean handicap 23.4 in women. Overall injuries,
including actual and incidental, were reported by 57%, with the
occurrence being slightly less (56%) among men than among
women (59%). Actual injuries were reported by 61 (32%), and
incidental injuries were reported by 82 (42%). In terms of actual
injuries, the wrist was most common in men and the elbow was
most common in women. When thinking about etiology spe-
cific to injury, this study highlighted the problems of overuse,
incorrect swing, and playing conditions. Wrist problems were
seen more frequently in younger male golfers, whereas shoul-
der problems occurred in older, less able players.

In 2007, another study of Australian amateur golfers used a
prospective survey to examine golf injuries over a 1-year period
to determine injury rates, mechanism, and treatment [32]. It also
looked to determine the effects of risk factors on golf injury,
including age, gender, handicap, play/practice habits, warm-up
habits, and equipment. A total of 588 golfers, 473 men (average
handicap 17.8) and 115 women (average handicap 26.7), com-
pleted the follow-up survey. Seventy-eight players reported a
total of 93 injuries, and no player reported more than two inju-
ries. Men reported an injury rate of 16.5 injuries/100 players,
and women had an injury rate of 13 injuries/100 players.
Incidence rate of golf injury was 15.8 injuries per 100 golfers,
equating to 0.36 to 0.60 injuries/1000 h/person. Elbow and
forearm injuries were second most common (17.2%), and
shoulder/upper arm injuries (11.8%) were fourth most com-
mon. Almost half the injuries were sustained during the golf
swing, mostly during ball impact or follow-through. Recurrent
injuries were most common, and it was more likely that injuries
occurred over time as opposed to acutely.

There was another study in 2007 by Fradkin et al. which
looked at 304 golfers with a median age of 53 who filled out a
questionnaire and described the impact that golf injury can
have on future golf and on life [33]. Golf injury was defined
as “damage to the body that occurs as a result of competing,
training and/or participating in golfing activity.” The majority
of golfers (71.4%) were male with a median USGA handicap
of 13, and they had been playing golf for a median of 18.5
years. The majority of golfers injured needed 1-2 weeks of
treatment (29.8%), and 51.3% reported an impact on their
lives. The most common injury sequelae were an inability to
play (47.4%) and an altered swing (21.1%). Almost two-thirds
(64%) missed time playing golf due to their injury. Golfers
frequently missed 1-3 games (46.8%), but a substantial
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number missed more than 6 (27.4%). Eight of the golfers
(7.2%) needed time off from school or work due to their inju-
ries, with most requiring 1-2 weeks of absence (50.0%).
Overall, the most common mechanisms of injuries cited for
amateurs were overuse, poor biomechanics of swing, and hit-
ting the ground or an object during the swing [34-38].

A recent systematic review by Robinson et al. noted inju-
ries as an issue with professional golfers, but also highlighted
the limitations in the literature with regard to a focus on inju-
ries sustained by professional golfers [3¢]. The level of golf
research published is of relatively low quality, as it pertains to
professional golfers as the gold standard methodology of
sports injury surveillance, and key aspects of injury reporting
were not used. All studies were retrospective, and a few relied
on recall of injuries by players. It was not possible to obtain a
synthesis of the data to give overall percentages of injuries
because there are limitations in the various studies conducted
in terms of description of time points along with the at-risk
population. There were differences in how injury was defined,
and some studies talked about injury severity based on time
out and others described it in terms of tournaments missed.
There are also limitations in terms of various studies’ descrip-
tions of the nature of an injury, whether it is new or old, and
the mechanism. Finally, studies, particularly with regard to
professional golfers, are limited in their report of injury by
diagnosis and instead report injury by anatomical location.
For professional golfers, in terms of upper limb injuries in
general, the left side was injured five times more frequently
than the right, the lead side in the right-handed golfer. Limited
information exists on the risk factors for injury or the mecha-
nism of injury. Only two articles report frequency and ana-
tomic distribution of injury in female golfers along with male
golfers. In one article, hand/wrist injuries were the most com-
mon injury (38%), cervical spine injuries only contributed 2%
of injuries, and there were no reports of thoracic spine injuries
[4]. Another article found low back (41%) to be the most
common injury, followed by cervical/thoracic injuries
(26%), and wrist injuries (9%) [39].

Two notable studies looked at injuries in both professional
and amateur golfers. One study found that amateurs sustained
2.07 injuries during their golf career compared to 3.06 injuries
in professionals [40]. They also reported that 19.4% of ama-
teurs hit >200 balls per week compared with 73.3% of profes-
sionals, and 11.6% of amateurs played at least four rounds of
golf per week compared with 30% of professionals. Most
common amateur injuries were elbow (24.9%) and shoulder
(18.6%). Gosheger et al. analyzed the injury data of a total of
703 golfers, 643 amateurs (456 men and 187 women) and 60
professionals (54 men and 6 women), with a questionnaire
[30]. While injury itself was not defined, the study group only
concentrated on injuries that could positively be associated
with golf by the player and not occurred previously. Overall,
82.6% of injuries involved overuse, and 17.4% were single-

trauma events. Professionals were injured more often, typical-
ly in the back, wrist, and shoulder, whereas amateurs reported
mainly elbow, back, and shoulder injuries. The severity of
reported injuries was minor (less than 1 week) in 51.5%, mod-
erate (greater than 1 week) in 26.8%, and major (greater than 1
month) in 21.7% of cases.

The most common upper body injuries in golfers are listed
in Table 1.

Phases of the Swing

When thinking about a golf-related injury, particularly as it re-
lates to the cervical and thoracic spine along with the shoulder,
elbow, and wrist, it is important to think about the phases of the
golf swing [5]. Identifying the phase of the golf swing where a
golfer feels pain may lead to more specifically identifying the
diagnosis and a potentially modifiable swing adjustment to de-
crease pain. There are three separate pairs of actions that occur in
six phases of the golf swing [6]. There is the ball address (starting
position) and the backswing, the forward swing up to ball impact
which includes club acceleration, and then the complete follow-
through (end of swing). Each phase of the swing involves the use
of specific muscles and joints whose main functional purpose is
to create a multi-lever system that generates maximal speed from
the clubhead in a precise trajectory and in a wide arc of motion to
hit a fixed object on the ground.

During the address phase (Fig. 1), overextended straight
arms or locked elbows and abnormally high muscle tension

Table 1 Most common upper body injuries in golfers

Body region Injury

Cervical spine - Spinous process avulsion fracture
- Cervical disc tear and herniation
- Cervical facet sprain or arthritis

- Cervical ligament, muscle or fascial pain

- Thoracic disc tear and herniation

- Thoracic facet sprain or arthritis

- Asymmetric thoracic osteophytosis

- Thoracic ligament, muscle or fascial pain

Thoracic spine

Shoulder - Labral injury

- Biceps tendinopathy

- Glenohumeral instability from injury to the
labrum or capsule

- Acromioclavicular joint sprain or arthritis

- Rotator cuff tendinopathy and subacromial
impingement

- Glenohumeral osteoarthritis

Elbow - Lateral epicondylitis

- Medial epicondylitis

- Hook of the hamate fracture

- Extensor carpi ulnaris tendinitis or tenosynovitis
or subluxation

- Flexor carpi ulnaris tendinitis or tenosynovitis

Wrist
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Fig. 1 Ball address

in the forearms from a tight grip reduce effectiveness in cre-
ating speed in the downswing and can induce elbow and wrist
injuries at ball impact [6]. A grip without interlocking hands
or too loose a grip increases the danger of dropping the club,
causing a loss of precise ball impact and injury to the elbow,
wrist, or hand with ground impact. During the backswing
phase (Fig. 2), an excess backswing can increase stress in
the left thumb and right wrist (Fig. 3). Excess arm/shoulder
elevation on the backswing, with the left arm crossing the left

Fig. 2 End of backswing
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Fig. 3 Highlighting forces at the left thumb and right wrist

shoulder, impinges the subacromial soft tissues, such as rota-
tor cuff tendons and bursa, and it requires optimal stabilization
from the rotator cuff muscles.

In the forward swing and acceleration phase (Fig. 4), tho-
racic and abdominal muscle strains can occur after vigorous
trunk rotation on the downswing. At the ball impact phase
(Fig. 5), lateral or medial epicondylitis can occur if the grip
is too tight or the elbows are held too tightly or are
overextended. Excessive wrist flexion/extension in the

Fig. 4 Forward swing and acceleration
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Fig. 5 Ball impact

downswing, or hitting the ground after losing balance, can
cause serious hand and wrist injuries. In the early follow-
through phase (Fig. 6), shoulder ligaments and rotator cuff
muscles can experience excessive mechanical stress in a vig-
orous follow-through. Injuries in the late follow-through
phase (Fig. 7) typically occur in the low back and lower ex-
tremities. Having the golfer bring a video of their swing to
their appointment or asking them to demonstrate their swing
can be very helpful in identifying the diagnosis and also po-
tentially the etiology of a golf injury.

Fig. 6 Early follow-through

Fig. 7 Late follow-through

Diagnoses Based on Anatomical Location
of Injury and Treatment

C-Spine

Spinal injuries, including cervical, thoracic, and lumbar spine,
are the most common type of injury, accounting for 55% of
injuries in professionals and 35% of injuries in amateurs [2e,
41, 42]. Despite being the second most common body region
injured in professional golfers, the current golf literature does
not have any study that focuses on cervical spine injuries or
any study that looks specifically at diagnoses within the cer-
vical spine. In comparison to the prevalence of cervical spine
injuries in amateur golfers (2—4%) [3e, 31, 33, 40, 43], profes-
sionals seem to be stricken with injury in this region more
often but there is no literature that comments on etiology,
prevention or outcome of these injuries. There has been a case
report of lower cervical spinous process fractures, which can
be associated with the golf swing [44]. This case report de-
scribes an avulsion fracture of the C6 and C7 cervical spinous
processes, in a novice middle-aged female golfer with intrac-
table neck pain. The injury mechanism was speculated to be
similar to clay-shoveler’s fracture. If a patient complains of
long-lasting neck pain and has a history of golf activity, fur-
ther consideration should be given for and study should be
conducted to rule out lower cervical spinous process fracture.

In the author’s experience, cervical disc-mediated pain,
such as annular tears and herniations, and facet joint-mediated
pain, such as a sprain or arthritis from these joints, can be
sources of pain. Secondary to a disc herniation or degenerative
change in the cervical spine, the golfer can experience nerve
pain in the arm known as cervical radiculopathy. Primary or
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secondary to cervical disc or facet injury, muscle and fascial
pain can affect a patient’s functionality. In terms of treatment,
there are focused therapeutic exercises with physical therapy,
with the goal of offloading and dissipating forces around the
painful structures noted above. When physical therapy does
not alleviate pain or improve functionality, anti-inflammatory
or neuropathic medications can be utilized along with targeted
injections to painful structures. With signs of progressive neu-
rologic change, surgical consultation would be indicated.

T-Spine

As discussed, there has been a trend in golf toward a more
modern swing that maximizes thoracic rotation, storing poten-
tial energy for the greatest release of power upon impact of the
golf club with the golf ball. During downswing, there is a
lateral translation force with bending force on the trailside
along with unwinding the torso with an axial rotation force.
This creates a reverse-C (Fig. 8) involving the thoracic spine,
and this force can be eight times the normal weight of a golfer
[45]. Over time, this results in asymmetric spinal degeneration
on the trailing side [2¢, 39, 42]. While not highlighted much in
the literature, Gosheger et al. found that injuries of the thoracic
spine force the longest absence of play, expressed as time lost
due to injury (137.4 days), which is five times the average of
time lost due to an injury [30]. Thoracic spine injuries are felt
to be uncommon because of increased biomechanical support
by the thoracic cage, including associated ribs, sternum, costal
cartilages, and associated ligaments, but among the most
feared due to potential for catastrophic injury [45]. Because
they are uncommon, they can be missed by providers when
caring for the golfer.

Fig. 8 Reverse-C
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The spine is often thought of in terms of three columns:
anterior (anterior vertebral body, anterior annulus fibrosus,
and anterior longitudinal ligament); middle (posterior longitu-
dinal ligament, posterior annulus fibrosus, and posterior wall
of the vertebral body); posterior (laminae, pedicles, spinous
processes, facets, ligamentum flavum, interspinous ligaments,
and facet capsules) [46]. A fourth column of the thoracic spine
has been described that makes up the thoracic cage, including
the ribs, sternum, and costosternal/costovertebral articulations
[45, 47]. Because of the anterior biomechanical support from
this fourth column, thoracic spine injuries are felt to be un-
common, as studies report that a complete rib cage with intact
sternum increases thoracic spine stability in flex-ex, lateral
bending, and axial rotation up to 40% [48, 49]. The orientation
of the facet joints more vertically in the coronal plane limits
flexion and extension but allows for powerful axial rotation,
augmenting torsional maneuvers through the shoulder be-
cause it allows for lateral bending and rotation. Thoracic
musculoligamentous injuries can occur with more acute
high-energy mechanisms, often with violent bending or rota-
tional motions or with more chronic overuse, high-repetition
mechanisms. Acutely, these injuries mirror whiplash-type in-
juries in the cervical spine as they are caused by violent rota-
tional or bending forces. Treatment usually includes a period
of rest and activity modification, physical therapy, medica-
tions such as non-steroidal anti-inflammatory medications,
and muscle relaxants. With regard to physical therapy, an
active program with adjunctive passive modalities can be ben-
eficial. Passive modalities can help decrease acute pain with
massage, ultrasound, and hot and cold modalities. Active mo-
dalities include exercises for postural mechanics, core
strengthening, and trunk stabilization.

Thoracic disc herniations typically result from axial load-
ing and rotation on a flexed spine [45, 50]. The incidence in
the general population of thoracic disc herniations is 1/1000 to
1/1,000,000. They occur commonly in the fourth and fifth
decades of life and are slightly more common in males.
They are less common in the thoracic spine compared to the
cervical or lumbar spine. The symptoms of a thoracic disc
herniation include axial pain, radiating pain, or symptoms of
myelopathy, such as balance change, weakness in the lower
extremities, numbness and tingling in the lower extremities,
bladder or bowel incontinence, or saddle anesthesia. The ma-
jority of herniations reported are below T8, and radicular
symptoms are typically in a T10 distribution regardless of
the location of the herniation [51, 52]. There can be symptoms
in the upper extremities in high thoracic herniations, whereas
middle and lower thoracic herniations can mimic lumbar disc
pathology. Activity modification and physical therapy can be
helpful in terms of conservative treatment for thoracic disc
herniations. When conservative measures do not alleviate
the patient’s pain or when there are signs of myelopathy, sur-
gery would be indicated.
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There are injuries to the bone that are also reported in the
literature [2¢]. There are two cases in the literature of osteophyte
complexes that form near the costovertebral junctions, referred
to as asymmetric thoracic osteophytosis, on the trail side (right
side in the right-handed golfer) felt to be due to reverse-C
posture at impact. In both cases, after activity modification
and physical therapy did not alleviate the patient’s pain, injec-
tions targeted at the facet joints ended up relieving pain.

Stress fractures occurring in spinous processes, transverse
processes, or ribs can result from overuse in golf. Given the
nature of golf, you typically do not see the acute fracture or
even potential spinal cord injury that you may get with higher-
energy activities. A collaborative review from three institu-
tions was published on 19 cases (13 men, 6 women) of stress
fractures of the posterolateral aspect of the ribs in golfers [53].
Eighteen of the cases were in beginners, and one was in an
experienced golfer who had dramatically increased his prac-
tice time on the driving range. Fourth to sixth ribs were most
commonly injured with the lead side in 16/19 cases. While the
mechanism is not known, fatigue of the serratus anterior was
felt to be the mechanism of injury. Electromyelogram (EMG)
studies have demonstrated that the serratus anterior muscle of
the leading arm had constant moderate activity through all
phases of the golf swing [53, 54]. This constant activity may
leave it susceptible to fatigue. Stress fractures can also occur in
the spinous processes of amateur golfers, particularly beginner
amateur golfers, that have a similar mechanism to clay-shov-
eler’s fracture [55]. Allowing time for bone healing with slow
progression back to golf, often after swing modifications, is
the general treatment approach for these bone injuries.

Shoulder

The shoulder is cited as the third most commonly injured area
in the professional golfer, behind the lumbar spine and wrist/
hand [4, 5, 30]. In amateurs in the USA, it is cited as the fourth
most commonly injured area, but in Europe, it is the second. In
a survey of professional golfers, the lead shoulder (left shoul-
der in right-handed golfer) was injured three times more com-
monly than the trail shoulder [4, 5]. Some reports suggest
more than 90% of shoulder problems in the golfer occur in
the lead shoulder [5, 56, 57]. This is possibly due to increased
load in the lead shoulder with an emphasis on creating the X-
factor and X-factor stretch previously described, resulting in
extremes of shoulder adduction along with pushing the limits
of flexion, and internal and external rotation. Often, in this
setting, poor scapular mechanics along with poor peri-
scapular strength, endurance, and control are present.
Overall, shoulder injuries are felt to occur in professionals
from overuse, whereas with the amateur golfer, poor swing
mechanics and trauma like hitting the ground awkwardly
seem to be the more common cause. Like with injury in other

body regions, it is important to think of phases of the golf
swing as symptoms will frequently occur in a specific phase.

Often to maximize power and clubhead speed, consistent
with the X-factor emphasis in the modern swing, the golfer
will try to maximize shoulder turn relative to hip turn during
the golf swing, specifically the backswing. Frequently as
golfers age, the shoulder rotation has been shown to decrease
[5, 58]. In professional golfers, through EMG and high-speed
photography [5, 57, 59, 60], no significant muscle activity
differences were seen between male and female professionals
during the swing. It is important to note that professionals
usually have swings that are repeatable, whereas amateurs
and recreational golfers frequently have erratic muscle control
and cannot reproduce the same swing with each shot [5, 57,
61]. The supraspinatus and infraspinatus have low synchro-
nized activity in the lead shoulder during the swing and are
active mainly during takeaway and follow-through to abduct
and externally rotate the shoulder and provide glenohumeral
joint stability. The subscapularis in both shoulders is the most
active rotator cuff muscle showing activity during all phases
of the swing, but more so during acceleration. The latissimus
dorsi acts mostly during the downswing and acceleration
phases, and pectoralis major, acting maximally during accel-
eration and follow-through, demonstrates the most activity of
any of the shoulder muscles. The deltoid is mostly non-active,
although the anterior deltoid is most active during follow-
through where it acts as a flexor.

In reference to scapular mechanics, more specifically, the
trapezius helps with scapular retraction and has the greatest
activity during the downswing and acceleration phases for the
lead arm and during takeaway in the trail arm. In assessing the
action of the rhomboid musculature and levator scapulae, for
the lead arm, scapular retraction and elevation were most ac-
tive during the downswing and acceleration phases. For the
trail arm, both muscles were active during the downswing to
help with scapular protraction and overall scapular stabiliza-
tion. The last muscle assessed was the serratus anterior. In the
lead arm, the serratus has low synchronized activity through-
out the entire swing, which potentially explains why it can be
susceptible to fatigue in some golfers. In the trail arm, there is
scapular protraction, and peak activity was demonstrated dur-
ing the downswing, acceleration, and follow-through phases.

When thinking about clinically assessing the shoulder and
formulating a differential diagnosis, the clinician should first
think about the patient’s age [5]. The young patient typically is
more susceptible to instability or traumatic injury. The
middle-aged patient commonly deals with subacromial im-
pingement, rotator cuff disease, and acromioclavicular (AC)
joint disease in the lead shoulder at the top of the backswing
(Fig. 9). In the older patient, frequently you see rotator cuff
disease along with glenohumeral joint osteoarthritis. In the
clinical assessment, it is also important to think about the
phases of the golf swing when diagnosing shoulder pathology.
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Fig. 9 Lead shoulder position in backswing where symptoms of
subacromial impingement, rotator cuff disease and acromioclavicular
arthritis are felt

For instance, in the backswing, the lead shoulder internally
rotates, forward flexes, and adducts across the body. It can
be susceptible to subacromial impingement and AC joint dis-
ease or may worsen pain related to these diagnoses. Posterior
shoulder discomfort at the top of the backswing, when the lead
arm is fully adducted, can be a sign of posterior glenohumeral
instability. When thinking about the follow-through, the lead
shoulder is abducted and externally rotated, and symptoms,
particularly anterior symptoms, in this phase could suggest
anterior instability or biceps tendinitis.

Rotator cuff disease and subacromial impingement are very
common in the golfer. Some golfers will even have rotator cuff
disease at baseline, which can perpetuate poor swing

Fig. 10 Therapeutic exercise for
rotator cuff tendinopathy. From
Kinsella R, Cowan, SM, Watson
L, Pizzari T. A comparison of
isometric, isotonic concentric and
isotonic eccentric exercises in the
physiotherapy management of
subacromial pain syndrome/
rotator cuff tendinopathy: study
protocol for a pilot randomized
controlled trial. Pilot Feasibility
Stud. 2017;3:45 [106], under the
Creative Commons Attribution
4.0 International License (http://
creativecommons.org/licenses/
by/4.0).

Group 1
Isometric

£

2
-

Isometric ER and IR
with rigid band.
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mechanics with weakness at initial takeaway. In a review of
412 patients with golf-related injuries, 85 had shoulder symp-
toms and 93% had rotator cuff or subacromial disease [5, 60].
Fortunately, in golf, the demands placed on the shoulders in
terms of range of motion and rotator cuff activity are usually
less than those required for true overhead athletes. It is impor-
tant to optimize scapular and glenohumeral biomechanics [62].

Exercise-based tendon rehabilitation is the most evidence-
based management of tendinopathy with an initial standard
load progression (Fig. 10) [62—64]. The normal progression
involves first isometric exercise, which has been shown to
relieve tendon pain, relieve cortical inhibition, and be useful
before strength work to allow maximal muscle strength. When
pain is controlled, then progression to isotonic exercises is
appropriate. Isotonic exercises improve tendon stiffness and
muscle strength. When adequate strength and endurance are
achieved in the affected muscle and kinetic chain deficits im-
prove, the next stage involving an increase in speed and ener-
gy storage exercises can begin. This stage involves a gradual
increase in faster functional movements while maintaining a
base of isometrics and strength and endurance exercises on
alternative days. Exercises are done with body weight and
involve whole kinetic chain movements. The last stage in-
volves energy storage and release exercises and sports-
specific exercises restoring the elastic properties of the kinetic
chain. Sports-specific drills and exercises should be slowly
introduced and progressed until return to sports-specific activ-
ities is achieved. In addition to physical therapy addressing
scapular mechanics and progressive loading for the rotator
cuff tendons and increasing endurance of the rotator cuff mus-
cles, modifications like shortening the backswing or abbrevi-
ating the follow-through can be helpful. Oral medications
such as non-steroidal anti-inflammatory medications and
glycerol trinitrate patches have been shown to be helpful in
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the short-term effect and improved clinical outcomes respec-
tively. When conservative measures fail, surgical consider-
ation can be given. A study of twenty-nine recreational golfers
undergoing arthroscopic rotator cuff repair found that 90%
returned to pain-free golf and were able to play at the same
or a similar competitive level, based on their handicap [5, 65].

AC joint disease is also very commonly seen in the golfer.
A review of 35 low handicap or professional golfers found
that AC joint disease was the most common cause of pain
(53%), followed by rotator cuff tendinitis and impingement
(26%) [5, 66]. The majority of golfers experienced pain at the
top of the backswing when the arm is in maximal adduction
and forces across AC joint are high [5, 67]. It was noted that
treatment in the study involved physical therapy, swing mod-
ifications, and, when conservative measures failed, distal clav-
icle excision, and all but one golfer returned to play.

Instability of the glenohumeral joint is another problem that
golfers can encounter. Many high-level golfers during the
swing will attempt to maximize their shoulder turn in relation
to their hip turn [5, 68]. This maximizes flexibility to the
extent that, at times, some golfers will develop hyperlaxity.
With overuse and repetitive trauma, capsule and labral struc-
tures can become attenuated and injured. This instability was
noted to have a 12% incidence in 35 professional and com-
petitive golfers [5, 69]. These golfers described a sensation of
pain and instability at the top of the backswing again when the
lead arm was fully adducted. This correlated with exam find-
ings of posterior instability during the load and shift test and
posterior apprehension with loading. There can also be ante-
rior instability at the end of the follow-through phase of the
swing when the arm is in maximal abduction and external
rotation.

Superior labrum and biceps tendon injuries can occur in
golfers despite more frequently being seen in overhead ath-
letes. Two case reports involving professional golfers [5, 70]
described internal impingement, where there is repetitive con-
tact of the humeral head with the posterosuperior aspect of the
glenoid when the arm is abducted and externally rotated, lead-
ing to both anterior and posterior labral fraying. For one golf-
er, symptoms resolved with modification to shorten the back-
swing, and for the other, labral debridement and addressing
anterior capsular laxity resolved symptoms. Superior labrum
anterior to posterior (SLAP) tears can occur in golfers at the
end of the backswing or the beginning of the downswing and
affect the lead shoulder. Oftentimes, patients will experience
mechanical symptoms such as catching or locking. Biceps
tendinitis can be most marked during the part of the follow-
through when the lead arm is maximally rotated and the shoul-
der is extended. With most shoulder pathology affecting the
labrum and biceps tendon, rest, physical therapy, and anti-
inflammatory medications will help alleviate symptoms.
However, when conservative measures do not give definitive
relief, shoulder arthroscopy can be considered.

Osteoarthritis is the last major disease entity of the shoulder
which occurs in the golfer. It is estimated that 25% of golfers in
the USA are 65 years or older [5, 71]. In this age group, oste-
oarthritis is prevalent, and many patients are avid golfers [5,
72]. It was found to have a 3% incidence in a group of elite
golfers [5, 66]. Physical therapy, oral pain medications, injec-
tions, and ultimately shoulder arthroplasty are the general treat-
ment options for osteoarthritis. A recent meta-analysis looked
at return to golf after arthroplasty [73¢]. The overall rate of
return to golf after shoulder arthroplasty was 80%. After total
shoulder arthroplasty, reverse shoulder arthroplasty (RSA),
and hemmiarthroplasty, the return rates were 94.9%, 70.5%,
and 52.4%, respectively. The mean time to return after shoul-
der arthroplasty was 6 months. Papaliodis et al. assessed golf
performance after press-fit RSA and found that those that had
surgery on the dominant arm improved handicap by 2.1,
whereas for the non-dominant arm, handicap improved by
0.8. Those that received RSA in the dominant arm had a mean
13.6-yard driving distance improvement compared to 8.5 on
the non-dominant side [73¢, 74]. Change in handicap was re-
ported by two studies [73¢, 74, 75] and reduced by 1.4 and 4.9
strokes. These same two studies described driving distance
change: one described an increase in distance by 12.2 yards,
and the other one reported a decrease by 5.3 yards [74, 76].

Elbow

Kohn et al. found that elbow injuries in golfers occurred in 4%
of professional golfers and 24% of amateurs [77, 78]. Mallon
noted that when looking at male amateur golfers, the low back
is most commonly injured, followed by the elbow, and with
female amateurs, the elbow is the most commonly injured
body part [40, 77, 79]. The possible reason suggested for this
is an increase in carrying angle in females [31, 77]. The overall
factors linked to elbow injury include overuse, poor swing
mechanics, conditioning, warm-up, age, equipment, and pre-
existing pathologic mechanisms.

Two of the most common elbow injuries in golfers are
medial and lateral epicondylitis. Despite medial epicondylitis
being often referred to as golfer’s elbow, McCarroll et al.
found that lateral elbow pain was five times more common
than medial elbow pain in amateur golfers [40, 77]. Medial
epicondylitis, typically seen in the right elbow of the right-
handed golfer, is felt to be caused by sudden applied forceful
resistance during the swing in a single trauma or by repetitive
excessive muscular contraction, and further, strokes requiring
large divots [6, 77]. Lateral epicondylitis, seen in the left el-
bow of the right-handed golfer, is typically caused by single
trauma or by repetitive forceful extension of the forearm ac-
companied by twisting motion, especially when associated
with excessive gripping of the golf club [6, 77]. Gripping
the club too tight and having golf club grips that are too slip-
pery is also a common cause of injury, as it causes changes in
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force generated in the muscles and tendons of the forearm [34,
80]. Just prior to impact in the downswing, there is a flexor
burst where there is a large increase in wrist flexor activity [34,
81]. The right wrist is radially deviated and extended but is
moving toward neutral, placing a large amount of stress on the
wrist, which can result in acute or chronic injury. Some of
these forces can be transmitted to the elbow and result in
injury to the medial elbow in the right arm (trail elbow) and
lateral elbow in the left arm of right-handed golfers [34, 82].

There are other less common diagnoses to consider for the
elbow as well. Ulnar neuritis was found to be associated with
medial epicondylitis by Kohn et al. in 20% of cases [77, 78].
With catching and locking, osteoarthritis or loose bodies may
be the cause of pain.

In terms of treatment, most specialists agree that an injured
elbow should begin moving as soon as possible. Activity
modification, specifically avoiding provocative activities,
and a short period of immobilization of the hand and wrist
in a splint for 1 to 2 weeks can be helpful. While counterforce
braces are often tried during provocative activities, which can-
not be stopped, use of braces and larger-sized golf grips
showed no statistically significant force difference produced
specifically between those that used the devices and those that
did not use them [34, 81]. As pain begins to improve, physical
therapy can be considered. Before addressing the elbow, spe-
cial attention should be given to the shoulder and wrist.
Improving muscle strength, endurance, and control around
the shoulder and wrist can help decrease the amount of abnor-
mal load to the elbow. Special attention should be given to
optimizing scapular and glenohumeral kinematics [62]. After
optimizing shoulder mechanics, strength, and control, atten-
tion can be directed to exercise for the elbow. Given that most
elbow injuries in the golfer essentially involve lateral or me-
dial tendinopathy, the tendon progression noted previously
with the rotator cuff can again be followed. NSAIDs and glyc-
erol trinitrate patches have also been shown to be helpful
adjuncts from a conservative standpoint. Two main injection
options have been tried, including steroid and platelet-rich
plasma (PRP). In a study looking at PRP versus corticosteroid
for lateral epicondylitis, PRP reduced pain and significantly
increased function, exceeding the effect of corticosteroid [83].
What was noted with this study and has been noted clinically
with corticosteroid injections is that patients initially improve
in the short-term with the corticosteroid injection but then
decline. Dry needling has also been shown to be effective
for lateral epicondylitis [84¢]. Surgery is looked at as a last
resort for tendinopathies when all conservative measures have
been exhausted.

Wrist

The wrist is commonly injured playing golf. After excluding
spine injuries, in both professional and amateur golfers, the
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hand/wrist region has been quoted by some as the second most
commonly injured area of the body [3e, 4, 31, 34]. The wrist
moves through a wide range of motion during the swing [34,
85, 86]. The most common injury mechanism occurs as a
result of hitting an object other than the ball and is of the acute
nature, resulting from a sudden decrease in movement of the
accelerating hands and wrist at impact, which can create high
forces that disrupt tissues. Similarly, hitting off the hard
ground or hitting a “fat” shot (hitting the ground first before
hitting the ball) is another possible mechanism of injury most
often seen in amateurs.

Professional golfers often play on links courses where
rough tends to be longer or on other courses where rough is
grown out for tournaments. During the downswing, the hosel
and shaft get wrapped up in the grass, which can place more
force on the upper limb [34]. Other injuries are overuse relat-
ed. Hook of the hamate fractures are the main bony injury
cited where the hamate is impinged between the hand and
the butt end of the club. The tendinopathies fall under this
overuse category as well and typically result from a sudden
increase in the volume of practice or changing of the grip, and
subsequent practice [34, 87]. In the flexor tendons, large
forces are produced just prior to impact, and the flexor carpi
ulnaris of the right wrist of the right-handed golfer, in partic-
ular, is vulnerable to injury from microtrauma due to these
forces. In beginner golfers, frequently in the downswing, they
will uncock the wrist which is not only detrimental in terms of
power and control, but also can cause pain due to extensor
carpi ulnaris (ECU) overuse [34, 80].

There was a prospective cross-sectional study in elite pro-
fessional golfers by Hawkes et al. in 2013 looking at the prev-
alence, variety, and impact of wrist problems in professional
golfers on the European tour [88]. The majority of injuries
occurred in the leading wrist (up to 67%), and the most com-
mon location was the ulnar side of the wrist (35%). 87% of
ulnar-sided problems and 100% of radial-sided problems were
in the leading wrist. There was no significant difference be-
tween the symptomatic and asymptomatic groups in terms of
playing years or performance. The most significant injury in
terms of absence from competition was ECU tendon sublux-
ation. In this injury scenario, there is direct contact with a hard
object and the ECU will contract on impact with sudden and
extreme force, which can cause rupture of the structures hold-
ing the ECU in place, leading to subluxation and instability.

In this study, two golfers suffered an acute tear of the ECU
retinaculum and subsheath and underwent immediate surgery.
The burden of this injury was seen in the golfer as they expe-
rienced 24 weeks of reduced practice and missed 12 tourna-
ments. Two golfers dealt with ECU subluxation, which was a
more insidious presentation, and opted for non-operative treat-
ment. They had good outcomes but missed just as many tour-
naments and practice as those that underwent surgery. Overall,
there were 43 injuries in 128 responders (31%). Around 37%
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of the professional golfers in this study were found to be
playing with ongoing wrist problems. It was noted that pro-
fessionals tend to experience more wrist and hand injuries
than amateurs, which was felt possibly to be due to technique
[4, 30, 88]. Professionals tend to hit through the ball to take a
divot to place more spin on the ball, which results in increased
contact force to the wrist and hand. In identifying the injury
diagnosis, it is also important to think about the movement of
the hand and wrist during the golf swing. The lead wrist be-
gins in a position of ulnar deviation and then goes into max-
imal radial deviation at the top of the backswing. It then
returns to ulnar deviation until impact, which predisposes to
tendon problems on the radial and ulnar side of the wrist. The
trail wrist begins in neutral and goes into extension and then
flexion.

For acute, traumatic, and chronic overuse injuries, treat-
ment should be focused on restoring functional capacity to
the wrist [6]. When pain or limited range of motion is ob-
served, activity modification and sometimes stopping golf
practice are required. NSAIDs, ice, compression, and some-
times immobilization with splinting are often required for a
short 1-2 weeks to decrease pain and sometimes inflamma-
tion. Gradual rehabilitation with strengthening and stability
exercises can be helpful as pain improves. Evaluating modifi-
able aspects of the golf club and swing can be helpful as well.
Parziale et al. noted that oversized grips that are generally
larger and softer can help to reduce the compressive force
pressure necessary to hold a club [89]. The golfer can reduce
grip pressure and avoid using strong grip position by rotating
the left hand counter-clockwise. Golf swing modifications
could include avoiding excessive wrist motion at takeaway
or transition and adopting a flat or more elliptic swing plane
in which the hands are kept at or near shoulder height during
transition and the completion of follow-through. This allows
the golf ball to be swept off the turf and may help to reduce
wrist and hand injuries.

Prevention

Initial assessment of how the golfer moves can be helpful to
identify golf swing faults that could lead to injury. Gulgin
et al. used the Titleist Performance Institute level 1 screen to
identify strength and flexibility variables and golf swing faults
[90]. Three significant associations were found between a
physical limitation and a golf swing fault: toe touch and early
hip extension; and bridge on right side with early hip exten-
sion and loss of posture. In addition, when a golfer could not
overhead deep squat or single leg balance on the left side, they
were 2—3 times more likely to exhibit an early hip extension,
loss of posture, or slide during the golf swing as compared
with those who could perform these movements. Based on the
findings with this study, it is important to address a golfer’s

core strength, balance, and hamstring flexibility to help avoid
common golf swing faults.

In working toward injury prevention in the golfer, it is
important to think of the core in the context of rotational
movement and torque production as the body moves as a
linkage system, also known as the “kinetic chain.” The kinetic
chain describes the linkage of multiple body segments
allowing for transfer of forces and motion [91]. An efficient
kinetic chain requires optimal anatomy, physiology, including
muscle flexibility, strength, endurance, and task-specific mo-
tor patterns, and mechanics throughout all involved segments
[91, 92]. Breakdown in the kinetic chain from inadequate
muscle strength, flexibility, and endurance, variation in motor
control, joint injury, and improper muscle activation patterns
can lead to dysfunction, decreased performance, and injury
[91, 93, 94]. A “catch-up” phenomenon has been referred to
in the literature and involves a break in the kinetic chain that
alters forces in distal segments, leading to pain and possible
injury [91, 92, 95].

The core should be considered in two parts [96]. First, the
torso located between the shoulder and hip joints forms what
is thought of traditionally as the core. The muscles that attach
the pelvis, spine, and ribcage function in this context primarily
to stop motion. The second part of the core facilitates function
with muscles that cross the shoulders and hips to the upper and
lower limbs, and with its size and ability to become rigid,
helps anchor the limbs. In most athletic movements, such as
the golf swing, the hip musculature generates power, which is
then transferred upward through the linkage to the arms
through a “stiffened” core [96-99]. Stiffness is the key pre-
cursor to stability and efficient force transfer and is a key to
injury prevention. McGill highlighted 4 key principles of
spine stability that direct specific training, enhance perfor-
mance, and prevent numerous injuries related to this instabil-
ity: (1) proximal stiffness involving the lumbar spine and core
enhances distal segment athleticism and speed of the limbs;
(2) a muscular guy wire system is necessary for flexible spine
to successfully bear load; (3) muscular co-activation creates
stiffness to eliminate micromovements in the joints that lead to
tissue degeneration and pain; (4) abdominal armor is neces-
sary for some occupational, combative, and impact athletes
[96, 99, 100].

The serape effect involves features of both ends of the core
in a spiral pattern and was originally described by Logan et al.
to essentially explain how higher level ballistic movement
works, such as throwing a ball or swinging a golf club
[101]. A serape is a woolen outer garment worn by people
in Latin American countries and is worn in a shawl-type fash-
ion hanging around the shoulders and crossing diagonally on
the anterior aspect of the trunk. Muscular action by the pairs of
muscles, including the rhomboids, serratus anterior, and ex-
ternal and internal obliques, working as a unit is called the
“serape effect” (Fig. 11). The serape muscles add to the
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summation of internal force and transfer internal force from the
trunk to the limbs. Most forceful limb movement in sport tends
to be diagonal in nature because when one limb is used to
impart force to an object, the diagonally opposite limb works
to maintain balance when the performer is in the upright posi-
tion. As the athlete moves a limb through a range of motion,
there is a tendency for a lever or limb to resemble a circle as
angular momentum is generated. The limb is moving through
an arc diagonal to the long axis of the body. The spatial con-
nection of the musculature to the shoulder and hip joints indi-
cates that a diagonal line of pull provides the most favorable
arrangement of aggregate muscle action and exertion of force
(Fig. 12).

Core stiffness needs to be tuned with the appropriate mus-
cle activity to best enhance the storage and recovery of elastic
energy similar to an elastic band [96]. The muscles of the
shoulders, hips, and limbs are generating forces to create the
motion in a rotational athlete in a pulsed sequence. The core is
the stiffened anchor that allows for distal athleticism. The
architecture of the serape creates a stiff core in a spiral pattern.
Proximal ends of the hip and shoulder are anchored by the
core to produce faster arm and leg motion across the body.
This is a vital part of all rapid reciprocal motion, such as that
involved with the golf swing.

There are numerous things that can be proactively done in
an effort to prevent golf injury. A golfer is allowed to play
with a maximum of fourteen clubs. It would greatly benefit the
golfer to make sure they are playing with the optimal club
head and shaft. For instance, there are differences in golf club
shaft stiffness and weight, and playing with a club that has a
shaft that is too stiff or heavy can result in an unnecessary
effort that leads to injury. There are also differences in club
lengths. Having clubs that are too short or too long could

/ rhomboids
/ serratus anterior

. external obliques

————— internal obliques

Fig. 11 Original serape looking like a scarf wrapped around the neck,
crossing the front of the body and inserting into the pant line. From
Santana JC, McGill SM, Brown LE. Anterior and posterior serape: the
rotational core. Strength Cond J. 2015;37(5):8-13; with permission [96].
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Fig. 12 Body seen as serape involving muscles arranged in series along
spiral lines with myofascial connections between muscles and their
tendons. Many of the muscles and tendons do not connect directly to
bone but through pathways ranging further than the length of one
muscle. For example, the thoracolumbar fascia connects the lower
limbs through the gluteus maximus muscle to the upper limbs through
the latissimus dorsi muscle. From Santana JC, McGill SM, Brown LE.
Anterior and posterior serape: the rotational core. Strength Cond J.
2015;37(5):8-13; with permission [96].

contribute to unnecessary torques and loads on the lumbar
spine, leading to injury. The golfer would benefit from getting
their clubs appropriately fitted by a golf club technician and
specialist. In addition, consideration should be given to
switching golf grips at the first sign that the grip is allowing
the club to slip in the golfer’s hand, as this can lead to exces-
sive muscle use that can result in overuse syndromes and
injury. Ideally, golf grips should be replaced every 40-50
rounds to reduce slipping, and some players may find it help-
ful to use a glove in the lead hand if not also the trail hand.

Poor swing mechanics is an often-cited etiology for golf
injury, especially in the amateur golfer [3¢]. Working with a
PGA professional on correcting any swing faults can make the
game more enjoyable and improve one’s score, but it can also
help reduce injury. A warm-up before playing has been asso-
ciated with decreased injury. Gosheger et al. noted that 570
golfers in their cohort did not warm up at least 10 min before
playing, whereas 133 warmed up for greater than 10 min [30].
Those who warmed up for 10 min or less reported an average
of 1.02 injuries per player versus 0.41 injuries per player for
those who took more than 10 min to warm up. It was not
specified what exercises were specifically done in the warm-
up. While there is no literature specifying the ideal golf warm-
up, Table 2 steps through the author's recommended warm-up,
specifically with a focus on fine tuning the core and joint
mobilization. The focus should be more toward muscle acti-
vation as opposed to muscle stretching.
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Table 2

The Golf Warm-Up. From https://www .hss.edu/playbook/5-exercises-for-the-perfect-golf-warm-up/ [107]

Five key focus areas for golf warm-up

Recommended exercises

1. Core and gluteal strengthening

2. Mobilization for the lower extremity

A. McGill Big 3 (curl-up, side-plank and “bird-dog”) These exercises work on core stability with
the abdominal bracing concept while sparing the spine of excessive load. Go through the circuit
3 times with 10 reps per exercise each circuit.

B. Basic squat with push-hands or hold a golf club across the shoulder blades (similar to bend-the-bar
technique) and connect a belt above knees. Start with bend-the-bar technique (with the golf club
serving as the bar) to activate the latissimus muscles and belt above knees to activate gluteal muscles.
Hip hinge to activate the gluteal muscles and spare the knees. As you go through the squat, pull down
on the club for latissimus activation, and spread the floor with the feet and push out with the knees for
further gluteal activation. Spend 6 seconds down and 2 seconds up, slow to fast. Stop lowering when
the lumbar spine flexes. Complete three rounds with 10 repetitions per round.

A. Place hands on golf club and place club across shoulders and plant your feet as if you were going to

(hip and ankle)

squat. Rotate your hips to each side, think of pointing your belt buckle to the right and to the left.

Slightly roll onto the inside and outside of the feet as your twist. Try completing 3 rounds and 10

repetitions each way.

B. Repeat the first exercise but this time one leg at a time with the other leg just having the big toe
touching the ground, as opposed to the whole foot flat on the ground. Recommend 3 rounds and

10 repetitions each way.

3. Mobilization for the thoracic spine
with shoulders

A. Clasp hands behind your head. With hands behind the head, raise your elbows upward to activate
the thoracic back. You can also stand to the side of the golf and lean into the cart. Hold for 5-10

seconds, repeating 5—10 times.
B. Hinge slightly at the hips like you are addressing a golf ball. Clasp hands behind the head and bring
elbows together and then spread them apart. Recommend 3 rounds and 10 repetitions each round.

4. Mobilization for upper extremity
(elbow and wrist)

A. Extend, flex, ulnar and radial deviate (up, down, side-to-side) the wrist both without resistance first.
After one round, add resistance by holding a golf club in the hand. Recommend 3 rounds per hand

and 10 repetitions (one repetition includes all four directions).

5. Coordinated full body movement

A. Brace your core and push hands into hips to extend hips back to activate the back muscles. Lift one

leg off the ground, reaching back behind you. Slowly rotate the leg internally and externally.
Practice 10 repetitions (1 internal and external rotation) for 3 rounds. Repeat on other leg. If unable
to maintain balance with the leg reaching in the air, toe-touch the reaching leg to the ground to help

maintain balance.

During the round of golf, carrying a heavy golf bag for
approximately 4-5 h is physically demanding and does seem
to take its toll on the golfer. Gosheger et al. found more shoul-
der, lumbar spine, and ankle injuries in golfers who carried
their bag on a regular basis. Wallace and Reilly found that
carrying a golf bag over only a nine-hole distance caused
significant shrinkage and decreased shock absorbance of the
intervertebral discs [30, 102].

Long-term, preseason physical conditioning is an impor-
tant injury prevention strategy for all golfers [6, 103, 104].
Such a program should emphasize exercises that enhance
both flexibility and muscular strength and endurance of dif-
ferent functional body segments that come together to pro-
duce the golf swing. Golf is considered a moderate-intensity
physical activity, and attention should be paid to cardiovas-
cular conditioning [1, 6]. Continuous heart rate monitoring
of five golfers playing an 18-hole golf course revealed an
average heart rate of 108 beats/minute, or activity at 35—
41% of maximal oxygen consumption capacity [6, 11]. For
many aerobically unconditioned individuals, maintaining
this workload over the course of 4-5 h could slowly hamper

their golf performance, induce metabolic fatigue, and possi-
bly contribute to increased injury risk. A study demonstrated
that a subgroup of previously injured amateur golfers report-
ed significantly higher levels of tiredness after regularly
playing an 18-hole golf round than a subgroup of injury-
free amateur golfers [6, 105]. Therefore, a light-to-moderate,
preseason aerobic conditioning program could enhance golf
performance over a whole day of golfing, potentially result-
ing in less fatigue and fewer injuries.

After an injury has occurred, treatment of any musculo-
skeletal condition in the golfer ideally involves a collabora-
tive team approach. When having an injury, the golfer bene-
fits from first seeing a physician and getting a clear diagnosis.
This diagnosis is communicated both with the golfer’s swing
coach and with a physical therapist. Physical therapists often
can help in terms of developing strength, necessary control,
and modifying other areas outside of the painful area to help
decrease pain. A swing coach can then help with any poten-
tial modifications to the swing to maintain performance at a
high level but with decreased pain. This helps to prevent
future injury.
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Conclusion

Playing golf has been associated with numerous upper body
injuries, specifically impacting the cervical and thoracic spine,
shoulder, elbow, and wrist. The golfer has the ability to make
significant efforts from an equipment, swing analysis, warm-
up, and strength and conditioning perspective that can help
prevent golf injury. When injuries occur, getting the appropri-
ate diagnosis is critical to ensuring a golfer is on the correct
path of treatment. Appropriate care of the golfer includes a
collaborative model involving a physician, physical therapist,
and golf swing instructor to help facilitate getting the golfer
back on the course.
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