The effect of osteopathic intervention and
corrective exercise on golf performance: A
prospective case series

Joshua Ian William Miles

A thesis submitted in partial fulfilment of the requirements for the degree of Master of
Osteopathy, Unitec Institute of Technology, 2016

1

Declaration

Name of candidate: Joshua Ian William Miles

This thesis entitled “The effect of osteopathic intervention and corrective exercise on golf
performance: A prospective case series” is submitted in partial fulfilment for the
requirements for the Unitec degree of Master of Osteopathy.

Candidate’s Declaration

I confirm that:



This thesis represents my own work;
Research for this work has been conducted in accordance with the Unitec Research
Ethics Committee Policy and Procedures, and has fulfilled any requirements set for
this project by the Unitec Research Ethics Committee. Research Ethics Committee
Approval Number: 2015-1026

Candidate signature:

Date:

Student number: 1346954

2

Acknowledgements:

I would like to thank my supervisors Rob Moran and Megan McEwen for all the support they
have provided me over the course of this research project.

I would like to say a special thank you to all the participants for their willingness and time
that they provided towards the project.

I would like to thank Irene and my family for always being there for me during the study.
The constant support and encouragement helped with the completion of the study, and to
each I am extremely grateful.

3

ABSTRACT

The effect of osteopathic intervention and corrective exercise on golf performance: A
prospective case series
BACKGROUND: The clinical approach used in the following case series is a newly emergent treatment
concept (Performance Therapy) in manual therapy that combines active exercise with passive manual therapy in
sporting participants. Performance therapy fits into the coach, athlete and practitioner triad whereby the
practitioner attempts to address dysfunctional movements in an attempt to improve athletic performance and
prevent injury. Golfers may receive benefit in this new clinical approach by being guided through tailored
intervention programs that are targeting dysfunctional movements effecting golf specific physiological
characteristics.

AIM: To demonstrate the use of combining active therapy (corrective exercise) with passive therapy
approaches (osteopathic manual therapy/management) for the purpose of improving golfing performance (club
head speed and Driving distance (DD)) over an 8-week period.

METHODS: Five prospective case studies were undertaken. Each participant underwent a needs
assessment in order to develop a tailored intervention program combining corrective exercise and osteopathic
manual therapy for the purpose of improving club head speed and DD. A Selective Functional Movement
Assessment was measured every week. FlightScope® analysis of golfing performance was assessed for both 5iron and driver pre and post-intervention (club head speed, ball speed, carry distance, total distance, launch
angle, flight time and SMASH factor).

RESULTS: One participant withdrew from the study. Two participants showed improvement for club head
speed for 5-iron (Cohen’s d= 3.52, d= 1.43). One participant showed significant improvements in total DD for
5-iron (d = 1.2) and Driver (d = 2.1), while one showed improvements in carry distance for driver only (d =
1.09) and one showed improvements in total DD (d = 0.52). One participant showed no changes in DD for the
5-iron (d = -0.43) and driver (d = 0.11). No golf related injuries occurred during the course of the study.

CONCLUSION: The clinical approach demonstrated in this study (combined osteopathic manual therapy
and corrective exercise) has shown potential for improving golfing performance. Golfers who are searching for
improvements in golfing performance should assess their balance abilities and squat biomechanics. Golfers can
receive benefits from receiving tailored management programs from a manual therapist in order to improve
dysfunctional movements that may be restricting their golf swing. Further clinical and research development of
the Performance Therapy concept in golf is necessary.

Keywords: osteopathy, golf, performance therapy
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LITERATURE REVIEW

Overview:

The literature review below has been divided into two sections in the preparation for a case series in the
osteopathic management for improving golf performance of individuals (Performance Therapy). Section A will
provide insight into the background knowledge involving golfing participation, health benefits, and injury
epidemiology. Section B will provide further insight into research that has been investigating the improvement
of golfing performance and discuss further theories of which could potentially aid in improving golfing
performance such as osteopathic management of golfers.

Section A: Background of golf, health benefits, and injury epidemiology:

1. Background of golf participation:
Golf is reported to have the highest rate of participation in New Zealand with 482,000 New Zealanders over the
age of 18 participating in the sport (New Zealand Golf, 2015). Recent estimates for New Zealand’s golf data
base (Dot Golf) indicates that approximately 125,000 New Zealanders have a registered handicap, providing
regular play and affiliation to a golf course within New Zealand (New Zealand Golf, 2015). Annually, 7
million rounds of golf are played within New Zealand across 393 courses and it is the country second in the
world for courses per capita (New Zealand Golf, 2015). Due to the dynamic nature of golf, injuries can become
a result of participation in the sport. Before osteopathic research can be conducted, research into the
epidemiology of musculoskeletal injuries, predisposing factors to injury and validity of assessment tools must
be established. Therefore, the focus of this literature review is to prepare for a case series utilizing osteopathic
management and corrective exercise to improve golfing performance. The literature review will explore the
injury epidemiology of golf regarding injury definition, injury prevalence, risk factors, injury incidence and
aetiology of injury, the strengths of osteopathic medicine and person-centred care, the use of movement screens
in athletic performance management and the effects of exercise and manual therapy interventions on golfing
performance.

2. Physical activity and the health benefits:

The role of physical activity in promoting the longevity and health of public has become increasingly important
for most developed, and many developing, nations around the world (Danaei et al., 2009). Cross-sectional case
studies have provided evidence for physical activity and how it may be an important factor for improving the
general health and preventing the development of non-communicable diseases (NCDs) (Dishman, Heath, & Lee,
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2013). The World Health Organisation identified four main types of NCDs: cardiovascular diseases, cancer,
chronic respiratory diseases and diabetes (Alwan, 2011). The World Health Organisation has identified
obesity, cardiovascular heart disease and type 2 diabetes mellitus as the most severe NCDs, with obesity being a
major underlying cause of coronary heart disease and type 2 diabetes (Chai et al., 2010; Vogel et al., 2009;
Warburton, Nicol, & Bredin, 2006). To promote and/or maintain health, all healthy adults aged 18 – 65 years
are recommended to complete at least 30 minutes of moderate-intensity aerobic exercise 5 times per week
(Haskell et al., 2007). One method of achieving aerobic exercise is through sport and recreational activities
completed in competitive or social scenes (Commission, 2015). It is estimated that world-wide 60-80 million
people participate in the sport of golf across 30-40,000 golf courses across the planet (Farrally et al., 2003;
Federation, 2015; HSBC, 2012). Primary research papers (Broman, Johnsson, & Kaijser, 2004; Farahmand,
Broman, De Faire, Vagero, & Ahlbom, 2009; Parkkari et al., 2000) and reviews (Cabri, Sousa, Kots, &
Barreiros, 2009; HSBC, 2012; Andrew McHardy, Pollard, & Luo, 2006b) of the literature have described the
relationships between the effects of golf participation on aspects of physical and mental health. Theses studies
have described golf as a valuable form of physical activity (Broman et al., 2004; HSBC, 2012), with beneficial
lipid profile, cardiovascular and longevity associations (Broman et al., 2004; Farahmand et al., 2009; Parkkari et
al., 2000) and mental health benefits (HSBC, 2012).

3. The health benefits of golf participation:

Participation in a physical activity that expends a minimum of 150 calories a day or 1000 calories per week has
shown to decrease the risk of coronary heart disease by 50% and the risk of colon cancer, diabetes and
hypertension by 30% (Pate et al., 1995). Health benefits are achieved by expending a total of 1000-2000
calories per week, which result in the reduction of developing preventable NCDs, the risk of injury and to
decrease mortality (Murphy, Nevill, Neville, Biddle, & Hardman, 2002; Pollock et al., 1998; Thompson,
Rakow, & Perdue, 2004; Tully, Cupples, Chan, McGlade, & Young, 2005). The mortality rates in a cohort of
300,000 registered golfers in Sweden revealed that mortality was reduced by 40% and life expectancy
increasing up to 5 years (Farahmand et al., 2009). In a case study investigating the physical activity related
benefits of walking during 18 holes of golf, an average of 8.69 kilometres was walked over 2.88 hours by the
participants in the study who were carrying their clubs while playing (Sell, Abt, & Lephart, 2008). On average
a total of 1954 kcal were expended during 18 holes of golf while carrying the clubs compared to those when
walking the round with a caddy showing expenditures of 1527 kcal on average (Sell et al., 2008). This shows
that 18 holes of golf a week meets the requirements of having a positive influence on an individual's health as
described by Pate et al., (1995) and that health benefits regarding the reduction of NCD's can be achieved.
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4. The biomechanics of the golf swing:

The golf swing can be broken down into six phases (shown in Figures 1): the Stance, the Back Swing, the
Down Swing, Impact and the early and late Follow-Through phases. In this discussion the early and late follow
through phase will be referred to as the Follow Through phase. The mechanics contributing to the golf swing
are very complex and it takes great players with great swings time and practice to develop their swing to its
most optimal for performance (Suttie, 2006). In order for manual therapists to be able to help golfers through
intervention, there must be an understanding of the biomechanics that contributes to the golf swing and the
contribution they hold to generating the golf shot. The following golf biomechanics are described for the righthanded golfer.

Figure 1: Possible locations for golf injury (shaded areas) during (1) stance, (2) backswing, (3) downswing, (4)
impact and (5) (6) follow through (Cabri et al., 2009). (Reproduced with kind permission of Taylor & Francis)

4.1. The Stance and Backswing:

The Stance (Figure 1 (1)) is the posture that is achieved in preparation for addressing the ball. The stance
requires equal weight distribution of both feet (shoulder width apart) and 15 degrees of trunk flexion at the hips
while maintaining straight arms (Adlington, 1996). During the Backswing (Figure 1 (2)), the player initiates
club movement in an arc away from the ball, whilst internally rotating the lead hip (Osborne, 2009). This is
achieved by the player simultaneously rotating to the right side around the spinal vertical axis (Thériault &
Lachance, 1998). During the Backswing, the shoulders, torso, and hips generate rotation into the apex of the
Backswing, leading into the start of the Down Swing (Herrfeldt, 2013 ). At the top of the Backswing, the arms
are almost vertical and the club shaft should be parallel with the ground, due to the wrists being ‘hinged'(Adam,
M & Tomasi, 1998). The hinging of the wrists refers to the flexion of the lead wrist and extension of the back
wrist as a coupled movement.
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4.2.

The Down Swing:

The Backswing ends when the clubs’ shaft becomes parallel with the ground and the golfer’s shoulders (Figure
1(2)), thus beginning the Downswing, with the hips already going towards the target (Suttie, 2006). During the
Downswing the club returns along a similar path to that of the backswing, in preparation for Impact (Figure 1
(3)) (Samuels, 2010). The sequence begins with a weight shift to the left foot created by the hips and pelvis
with the spine remaining perpendicular to the ground (Thériault & Lachance, 1998). When coming forward
into the Impact, the hips rotate in the contra-lateral direction to the Backswing, with the shoulders following at
the point of Impact (Lister, 1996).During the Downswing the wrists are ‘un-hinged’ towards the opposite
direction of ‘hinging’ in order to bring the clubface square to the target at the point of Impact (Adam, M &
Tomasi, 1998). This wrist motion is desirable, in order to improve the control of the swing, thus avoiding
hooked or sliced shots (Suttie, 2006) and furthermore the wrists complete the acceleration of the club at ball
Impact (Thériault & Lachance, 1998).

4.3.

The Impact and Follow-Through:

The Follow-Through phase (Figure 1 (4-6) is characterized by the gradual deceleration of the club with the
rotation of the body towards the left side of the golfer around the axis of the spine (Thériault & Lachance,
1998). The most important biomechanics in achieving the maximum club head speed during the golf swing in
preparation for impact is the trunks rotational capacity (Thériault & Lachance, 1998). The early FollowThrough phase is considered to be from the point of impact to when the club is parallel to the ground, with arms
at 90 degrees of abduction and adduction. During the early Follow-Through phase the torso is rotated to face
the intended target with the arms also pointing directly to the target (Osborne, 2009). The end of the swing is
achieved when the hands finish over the left shoulder, known as the late Follow-Through (Jorgensen, 1999).
The swing is concluded when the lumbar spine is hyper-extended with a slight side-bending in the trunk
(McHardy et al., 2006b).
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5. Epidemiology of golf injury:

There are various epidemiology studies that are researching the most common area of injury amongst amateur
and professional golfers (Batt, 1992; Burdorf, Van Der Steenhoven, & Tromp-Klaren, 1996; Dhillon, Singh,
Dhillon, & Sandhu, 2006; Finch, Sherman, & James, 1999; Fradkin, Cameron, & Gabbe, 2005; Fradkin,
Windley, Myers, Sell, & Lephart, 2007; Fradkin, Cameron, & Gabbe, 2007; Gosheger, Liem, Ludwig,
Greshake, & Winkelmann, 2003; McCarroll, Rettig, & Shelbourne, 1990; McHardy, Pollard, & Luo, 2005;
McHardy, Pollard, & Luo, 2007; McHardy et al., 2006b; McNicholas, Neilsen, & Knill-Jones, 1999; Parziale,
2002; Sugaya, Tsuchiya, Moriya, Morgan, & Banks, 1999; Thériault & Lachance, 1998; Theriault, Lacoste,
Gadoury, Ouellet, & Leblanc, 1996). The reporting of the injury prevalence and incidence is established within
the literature as well as national data bases (ACC). In order for manual therapists to provide care and enhance
golfing performance, an understanding of the types of injuries, cause of injury and rate of injury needs to be
established. There is limited research regarding the type of injury obtained and the exact cause and mechanism
of injury within golf, however there is a common association with injury linked to overuse (Batt, 1992; Finch et
al., 1999; Fradkin et al., 2005; Fradkin, Cameron, & Gabbe, 2007; Gosheger et al., 2003; McCarroll et al., 1990;
McNicholas et al., 1999). Table 1 below provides an overview of the literature that is investigating golf injuries
with reporting of the studies design, participant’s age/sex/playing status, the number of participants, and injury
region, type and mechanism.
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Table 1: Overview of golf injuries:
Study

Study
design

(McCarroll et
al., 1990)

Participants

Number of
participants

Age

Sex

Playing
status

Mean age
(range) = 52
(15-86)
years.

942
males;
202
females

Amateur

Injury
Most common region
for injury

1144

Most common
type

708 (62%) had
sustained one or more
injuries.

Excessive play/practise,
poor swing mechanics,
hitting the ground, 50% of
all injuries occurred at
impact.

Lower back (27%),
elbow (26%), and
wrist/hand (16%).
(Batt, 1992)

(Theriault et
al., 1996).

(Burdorf et
al., 1996).

Retrosp
ective

Retrosp
ective

Mean age
(range) =
49.5 (17-85)
years.

164
males;
29
females
.

Amateur

193

Of the 193 there were
57% respondents who
had sustained an injury.

Age range
12-70 years

347
males;
181
females
.

Amateur

528

Upper limb (42.4%),
spine (39.7%), lower
limb (17.9%).

Mean age
(range) =

196
males

Amateur

196

The life-long
cumulative incidence
of back pain was 63%,
with 29% had a history
of back pain 1 month
prior to answering the

Most common
mechanism

Not reported.

Incorrect swing mechanics
or miss hit and overuse
type injuries.

Wrist (28%, Male),
thoracic spine (25%)
and elbow (8%,
Female).

Technical injury 53.9%,
overexertion of the trunk
during the swing 30.8%,
overuse 14.1%
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survey.
(Sugaya et al.,
1999).

Mean age
(range) = 35
(21-54)
years.

(McNicholas
et al., 1999).

(Finch et al.,
1999).

115
regular
tour
males,
55
senior
tour
males,
and
113
female
tour.

Professio
nals.

283

Lower back (34%),
followed by the neck
(20%), elbow with
shoulder equal (10%)
and wrist (10%).

Low back pain
location: 51%
right side pain,
28% left side pain
and 21% central.

72% experienced injuries
that caused them to miss a
tournament or perform at a
lower level, mostly due to
back and upper extremity
injuries.

Age range 070 years.

Amateur
and
professio
nals.

296

The most common site
of injury was reported
as the upper limb
(45%), followed by the
trunk (21%) and the
knee (13%).

Of the upper limb injuries
epicondylitis,
medial/lateral were most
common due to overuse
and shoulder impingement.

Mean age
(range) =
40.5 (24-65)
years.

Amateur
s.

34

Lower back (24%),
elbow (18%) knee
(18%) and neck (15%).

Overuse, a twist or
rotational component of
the swing, which the
authors attributed to poor
swing mechanics and an
aggravation of the previous
injury. Elbow injury was
due to overuse 66% and
miss-hits 33%.

(Parziale,
2002)

Retrosp
ective
descript
ive
study.

Mean age
(range) =
55.7 (14-80)
years.

Male
80%;
Female
20%

Amateur
(95%)
and
professio
nal (5%).

145

Lumbar spine (49%
men; 28% women),
shoulder (10% men;
28% women), and
elbow (9% men; 13%
women).

Not reported

Not reported

(Gosheger et
al., 2003).

Retrosp
ective
cohort

Mean age
46.2 ± 17.2
years.

456
amateu
r men

643
amateurs
and 60

703

Of 60 professionals, 36
obtained 110 injuries
with the average of

Not reported.

4 of 5 injuries were
attributed to overuse,
particularly in the back,
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study.

and 54
professi
onal
men.
187
amateu
r
females
and 6
professi
onal
women
.

professio
nals

3.06 injuries per player.
Of
643 amateurs, 255
reported 527 injuries,
resulting in 2.07
injuries per player.

shoulder, knee and elbow.
111 (17.4%) were single
trauma events and 526
(82.6%) were overuse
caused injuries.

Professional: 24 lower
back injuries (21.8%),
22 wrists (20%) and 14
shoulders (12.7%).
Amateur: 131 Elbow
injuries (24.9%), 80
lower back (15.2%),
and 98 shoulder
injuries (18.6%)

(Fradkin et
al., 2005)

Retrosp
ective

Mean age
(range) = 54
(16-75)
years

Women
only

Amateur

522

184 injuries over the
previous 12 months,
31.4% of golfers with a
history of one injury,
3.6% reporting two and
0.2% reporting three.
Lower back (58),
shoulder (31), elbow
(19) and knee/foot
(13).

(McHardy &
Pollard, 2005)

Lit
review

The wrist accounts for
13-20% of all injuries
in amateurs and 2027% of all injuries in
professionals. Elbow
injuries account for 2533% of all injuries in

The strain was the
most common
(125), followed
by tendinitis (11)
and stiffness (9).

68 golfers reported that
their injury reoccurred
within the year 38.6%.
Overuse (43.6%) was the
most common mechanism

Injury resulted in
the inability to
play (29.6%) and
altered swing
(17.6%).
Wrist injuries commonly
occur at the point of impact
for the amateur golfer
when poor swing
mechanics are applied,
hitting something other
than the ball or overuse.
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amateurs and 7-10% of
all injuries in
professionals. Lateral
elbow issues are 5:1
more likely to medial
in golfers. Shoulder
injuries account for 818% of all golfing
injuries.

Medial elbow issues are
due to traction based
insults to the elbow of the
trailing arm, sudden
deceleration of club
leading to an increased
load of the medial elbow
from hitting ground or
rock. Lateral elbow and
shoulder injury is more
commonly due to overuse
from excessive play or
practice.

(Dhillon et al.,
2006)

Prospec
tive

Mean age 51
years

200
male
and 40
female

Amateur.

240

110 (46%) had
sustained one or more
orthopaedic injuries,
the lower back region
(55) was the most
prevalent with men and
woman followed by the
shoulder (25) and
elbow (16).

Mechanical back
pain (53%) of the
55 lower back
injuries.
Impingement,
rotator cuff
tendonitis and tear
(48%) of shoulder
injuries and
lateral
epicondylitis (13
cases) were the
common types of
injury.

Lack of warm up,
excessive practice and
improper swing mechanics
were the most common
causes.

(McHardy,
Pollard, &
Lou, 2007)

Retrosp
ective
crosssection
al
survey

Mean age
55.2 ± 14.6
years.

318
females
and
1316
males

Amateur

1634

288 golfers reported
having had one or more
golf related injury with
the lower back
(25.3%), elbow
(15.3%) and shoulder
(9.4%).

Not reported.

The most common
mechanism of injury was
due to the golf swing
(44.8%) due to the
incorrect golf swing and
overuse (25.3%).

Females
mean age
59.2 12.2
years with a
handicap of
29.3 9.5.

There were 288
primary injuries
reported with injury

Age, warm-up status, and
conditioning habits,
participation in other sports
were identified as risk
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rates between men and
women being the same
17.6%.

Males mean
age 54.3
15.3 years
with a
handicap of
18.1 7.
(Fradkin et
al., 2007)

Retrosp
ective

Mean age 53
years

Male
(71.4%
);
Female
28.6%.

Amateur

304

111 golf injuries
resulting in 36.5% of
golfers in the study
with a history of golf
related injury. Lower
back (40), shoulder
(15) and elbow (13)
were most common.

factors for injury.

Strains were the
most frequent
type of injury
reported (37.8%),
followed by
stiffness and
inflammation
(9.9%).

Overuse was the most
common mechanism of
injury (29.7%) and over
exertion (26.1%).

29.8% of injured
golfers needed
treatment, 51.3%
said their injury
impacted on their
lives and 64%
missed
participation time
due to their
injury.
(McHardy,
Pollard, &
Luo, 2007)

Prospec
tive

Mean age
59.1 12.9
Men mean
age 58.7
13.5
Female
mean age
60.8 9.9

Men
473;
female
115.

Female
injury
rate 13
per 100
players

Amateur

588

78 players reported a
total of 93 injuries.
The lower back was the
most common injury
site (18.3%), closely
followed by the elbow
(17.2%), foot (12.9%)
and shoulder (11.8%).

Not reported.

A total of 46.2% of all
injuries were reported
sustained during the golf
swing, and an injury was
most likely to occur at the
point of ball Impact
(23.7%) followed by the
Follow-through phase
(21.5%).

The overall 1-year
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incidence rate of golf
injury was 15.8 injuries
per 100 golfers, which
equates to a range of
0.36 to 0.6
injuries/1000
hours/person. Men
injury rate 16.5 injuries
per 100 players (0.380.64 injuries per 1000
hours). Female injury
rates are 13 per 100
players (0.28-0.47 per
1000 hours).

16% of Australian amateur
golfers may expect to
sustain a golf-related injury
per year.
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5.1. Injury definition and types of in golf:
In golf, an injury is defined by any ‘damage to the body that occurs as a result of competing, training and/or
participating in a golfing activity’ (Fradkin et al., 2005; Fradkin, Finch, & Sherman, 2003; Fradkin et al., 2007).
Epidemiology studies with well-established methods have further established injury characteristics by reporting
the time that injury has resulted in the reduced participation in golf due to damage/injury to the body. In a
cohort study of 703 golfers by Gosheger et al., (2003) there was a total collective of 18,221 days that 637
injured participants were inactive, with an average of 28 days of recovery per injury. McHardy et al., (2007)
found that injuries were commonly recovered from after 1-2 weeks rest, with 12.1% taking more than 12 weeks
to recover from the injury sustained. Golf injuries to the thoracic spine, elbow or lumbar spine resulted in the
longest absence from returning to golf (Gosheger et al., 2003). Medical attention was commonly sought after
by golfers, in order to receive help with their recovery following injury. Studies had found similar findings; of
78 players injured 61.3% sought treatment from a medical professional (McHardy, Pollard, & Luo, 2007) in
contrast to 288 players injured with 74.7% (McHardy, Pollard, & Lou, 2007) seeking treatment from a medical
professional.

5.2. Injury type most common in golf:

In amateur and professional golfers, common injury sites include the lower back, wrist, elbow and the shoulder
as shown in Table 1.1. Several researchers (Dhillon et al., 2006; Finch et al., 1999; Fradkin et al., 2005;
Fradkin et al., 2007; Gosheger et al., 2003; McCarroll et al., 1990; McHardy, Pollard, & Luo, 2007; McHardy,
Pollard, & Luo, 2007; Parziale, 2002; Sugaya et al., 1999) have reported the lower back as the most common
injury site with overuse being the most common cause of injury. A limitation in the Theriault et al., (1996) and
McNicholas et al., (1999) epidemiology surveys was that they only investigated injuries by the region they
effected compared to other studies which were investigating joint specific injuries. However, this does suggest
that as a whole, the upper extremity as a combined region is the most common area for injury to occur with
golfers. Goshegher (2003) compared the injury epidemiology between amateur and professional golfers and
found the professional golfers are more susceptible to lower back injury while amateur golfers are more likely to
injure their elbow. Sugaya et al., (1996) also found the lower back to be most common injury site amongst 283
professional golfers. Goshegher’s (2003) report that the elbow is more prevalent in amateur golfers (compared
to professionals) contradicts the findings of several studies reporting elbow injuries were found to be second
most common injury site in golfers (Batt, 1992; Finch et al., 1999; McCarroll et al., 1990; McHardy, Pollard, &
Lou, 2007; McHardy et al., 2005; McHardy, Pollard, & Luo, 2007; McHardy et al., 2006b; Sugaya et al., 1999)
compared with studies that found the shoulder to be the second most common site of injury (Dhillon et al.,
2006; Fradkin et al., 2005; Fradkin et al., 2007; Parziale, 2002). Lower back injuries appear to be most
prevalent in both amateur and professional golfers, some variations occur due to high injury rates of elbow and
shoulders also amongst golfers, resulting in differences between studies.
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5.3. Injury prevalence in golf:

In a cohort of 1144 golfers, the annual prevalence of golf-related injuries in amateur players is estimated to be
62% with minor differences between the sexes (McCarroll et al., 1990). In contrast, several studies have
reported the overall prevalence of injury to be 32% (Batt, 1992), 25.2% (Theriault et al., 1996), 36.5% (Fradkin
et al., 2007), 35.2% (Fradkin et al., 2005), 46% (Dhillon et al., 2006), 17.6% (McHardy et al., 2007) and 13.3%
(McHardy, Pollard, & Luo, 2007). Fradkin's surveys (Fradkin et al., 2005; Fradkin et al., 2007) show good
statistical significance due to the study in 2005 and 2007 reflecting similar injury prevalence rates which have
also been found by McCarroll et al., (1990) showing strong generalisability for amateur golfers injury
prevalence rates. A limitation in generalisability may be present in McHardy et al., (2007) study due to the
lower displayed prevalence rates, reflecting that they are more suitable for the cohort of Australian golfers
investigated rather than the general golfing community.

In general, there is a limitation in the literature

regarding the annual injury rates of professional golfers, although Gosheger et al., (2003) investigation of
overall injury found that 60% of professional golfers were likely to obtain 3.06 injuries and 40% of amateur
golfers were to obtain a total of 2.07 over their playing career.

5.4. Incidence of injury within golf:

The lower back is the most common site of injury in golf (Dhillon et al., 2006; Finch et al., 1999; Fradkin et al.,
2005; Fradkin et al., 2007; Gosheger et al., 2003; McCarroll et al., 1990; McHardy, Pollard, & Luo, 2007;
McHardy, Pollard, & Luo, 2007; Parziale, 2002; Sugaya et al., 1999). The overall incidence of back pain has
been established by Burdorf et al (1996) with the life-long cumulative incidence of back pain being 63%, with
29% having a history of golf-related back pain 1 month prior to answering the survey. The overall 1-year
incidence rate of golf injury was 15.8 injuries per 100 golfers, which equates to a range of 0.36 to 0.6
injuries/1000 hours/person (McHardy, Pollard, & Luo, 2007). From July 2013 to June 2014 427,978 new
claims were made for sports-related injuries in New Zealand (ACC, 2016). Of the 427,978 injury cases; 6,268
cases of injury were golf related and reached a total cost of $4,929,228 (ACC, 2016). From July 2014 to June
2015 there was a reported 6,548 new claims made for golf specific sporting injuries and reached a total cost of
$5,482,238 (ACC, 2016). A study surveying 522 golfers reported 184 were injured within the last 12 months;
of which 154 participants sought treatment from a health care professional, with physiotherapists being the most
desired physician (Fradkin et al., 2005).
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5.5. Risk factors and aetiology:

The main risk factors that contribute to an increased prevalence of injury are a lower handicap and age over 50
years (Cabri et al., 2009). This is due to players who are technically less skilled or older have 50% less trunk
rotational capacity than younger players or individuals who have an excellent technical skill (Pink, Perry, &
Jobe, 1993). According to Batt (1992) a player with a handicap lower than 10 was more likely to injure their
wrist or elbow due to overuse, compared to those with higher handicaps above 10. Older amateur golfers incur
in a higher total number of injuries than their younger peers, and this can be attributed to physiological changes
in the musculoskeletal system during ageing (Fradkin et al., 2005). Flexibility strength and the stability of the
trunk and spinal structures may, therefore, be considered as, potentially, the most restrictive variables for
performance and the most important determinant of risk of injury (Pink et al., 1993). The pelvis and wrist
injuries are more commonly associated with 40-44.5-year-olds with lower handicaps (Fradkin et al., 2005).
Neck injuries are more common with 52-year-olds with higher handicaps (Fradkin et al., 2005). Better
proficiency golfers were more likely to injure their backs and forearm with older golfers sustaining more knee
and ankle injuries (Fradkin et al., 2005).

5.6. Overuse syndrome and golf:

Overuse has been reported to be the most common mechanism of injury by golfers through established
epidemiology studies (Batt, 1992; Finch et al., 1999; Fradkin et al., 2005; Fradkin, Cameron, & Gabbe, 2007;
Gosheger et al., 2003; McCarroll et al., 1990; McNicholas et al., 1999). Poor swing mechanics or faulty swings
have been reported to contribute to golf injury (Batt, 1992; McCarroll et al., 1990; McHardy, Pollard, & Lou,
2007; McHardy et al., 2005; McHardy, Pollard, & Luo, 2007). When dysfunctional movement occurs during
the golf swing these are referred to as swing faults and injuries amongst amateur golfers are likely to include
such non-optimal swing mechanics in their epidemiology (Gosheger et al., 2003; McHardy, Pollard, & Luo,
2006a). Swing faults performed over a long period of time may lead to overuse injuries primarily involving
either the shoulder, elbow, and wrist (Cohn, Lee, & Strauss, 2013). Addressing the cause of injury (nonoptimal biomechanics) should be the key priority in optimising golf performance and it has been shown in
studies investigating golf specific warm-up protocols that warming up 10 minutes prior to playing or practising
golf can greatly decrease the risk of injuries caused by golf (Fradkin, Sherman, & Finch, 2004; Gosheger et al.,
2003).
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The peripheral and spinal injuries golfers obtain can also be attributed to the overuse syndromes that have
resulted from repetitive tailoring of their swings and continued play or practice (Gosheger et al., 2003). The
“Crunch Factor” has been described as a measure to evaluate the risk of low back injuries in golfers based on
the notion that lateral flexion and axial trunk rotation jointly contribute to spinal degeneration (Cole &
Grimshaw, 2014). The study by Cole & Grimshaw (2014) found that there were no differences between the
Crunch Factor values of those with lower back pain and those golfers who were asymptomatic. There was a
relationship found in the study which showed higher Crunch Factor values for those golfers who had greater
combined increase of angular axial trunk rotation velocity and lateral flexion angle during the golf swing (Cole
& Grimshaw, 2014). Although it was not confirmed by Cole et al., (2014) that the Crunch Factor was an
indicator for potential lower back pain, the concept does provide insight into the forces that are acting upon the
lumbar spine as a result of the golf swing which with overuse due to repetitive play may be the reason for the
lower back being the most common region of injury amongst golfers.

6. Phase of swing and mechanism of injury in golfers:

A retrospective survey was mailed to 1634 golfers in order to investigate the characteristics of lower back
injuries that have occurred within the last 12 months (McHardy et al., 2007). Of the 1634 golfers participating,
17.6% (288) reported the occurrence of golf related injury across the one-year period. The lower back
accounted for 25% (90) of golf related injuries, becoming the most common injury of the study followed by the
elbow (15.3%) and shoulder (9.4%). The phases of the golf swing are shown in Figure 1 (page 14), with the
site of injury during the phase of swing being the shaded areas (Cabri et al., 2009). The difference with the
study (McHardy, Pollard, & Luo, 2007) compared to Fradkin (2005) and Dhillon (2006) is that the participants
who reported having lower back injuries as a result of a golf swing were further asked to comment on which
phase of the golf swing in which the injury had occurred. The results showed that 11.9% were injured during
the backswing, 17.8% during the down swing, 41.6% during the follow through, 19.8% other (impact,
throughout the swing, or more than one phase of the swing) and 8.9% did not respond. The exact causation of
injury cannot be validated through a questionnaire and the primary cause of pain may have been felt during the
follow through phase, even though the injury was sustained earlier in the swing phase (McHardy et al., 2007).
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7. Non-optimal biomechanics of the golf swing:

Following overuse as the injury mechanism, the other most common causes of injury in amateur golfers are the
repetitive practice of the golf swing and hitting an object other than the ball while swinging the golf club
(McHardy et al., 2006). Understandably, given the reduced frequency of play and practice with amateur
golfers, there are less physical demands upon the amateurs’ bodies compared to a professional golfer’s body.
Despite this, placing demands on bodies that are not conditioned will place significantly more workload on the
amateur body (McCarroll & Gioe, 1982). Low back pain in the amateur golfer is often associated with poor
swing mechanics (McCarroll et al., 1990). Due to lower back pain being the most prevalent injury amongst
amateur and second with professional golfers, the physiological and biomechanical mechanisms that contribute
to this incidence need to be well understood for manual therapists who are wanting to provide intervention for
golfers in injury prevention and improving overall swing performance.

7. Loading of the spine during the golf swing:

A study investigated the electromyography analysis of lumbar spinal loads at the L4-L5 level and the right and
left rectus abdominis, external and internal oblique’s, erector spinae and latissimus dorsi muscles during the golf
swing (Lim, Chow, & Chae, 2012). Here, the authors concluded that a mean peak spinal compressive load of
over six times the body weight of the participant during the downswing phase resulted and it was only 0.6-1.6 of
bodyweight during the Follow-Through phase showing that the downswing places the greater load on the spine
during the golf swing (Lim et al., 2012). The golf swing produces considerable mechanical forces, including
compressive force, shear force, and rotational movements to the lumbar spine due to rapid trunk bending and
rotation (Hosea, Gatt, & Gertner, 1994). It has been observed that golfers with lower back pain were more
likely to rotate the upper body beyond the physical limitations of trunk rotation during the backswing increasing
the compressive shear forces of the spine (Lindsay & Horton, 2002). The over-rotation may result in
uncompensated rotational movement to the lumbar spine, stressing soft tissues of the lumbar region and causing
tissue damage to other structures of the lumbar spine over time (Lindsay & Horton, 2002).

During the Follow-Through phase of the modern golf swing, players are incorporating more hyper-extension,
side-bending and rotation through the lumbar spine (Gluck, Bendo, & Spivak, 2008). The classic golf swing in
comparison requires the lower back to be relatively neutral, with most of the rotation occurring through the
shoulders, hips, and pelvis (Gluck et al., 2008). The transition in mechanics from the classic swing to the
modern swing method has resulted in larger torque forces, such as compressive and shear forces, acting upon the
lumbar spine (Gluck et al., 2008; Hosea et al., 1994). Resultant muscle imbalances may therefore potentially
increase the risk of injury accompanying the adaptation to a modern swing in golfers, so physicians need to be
able to screen effectively for any underlying non-optimal biomechanics in a players golf swing.
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8. Lower back injury/restriction in golf:

The forces on the lumbar spine during the golf swing have been shown to be large during the downswing where
the golfer shifts the pelvis laterally towards the target while the thorax is turning towards the ball (Cole &
Grimshaw, 2015; Lim et al., 2012). As the thorax rotation is greater than the pelvic rotation this places a
preload of forces on the erector spinae muscles of the spine by increasing the length in order to produce greater
elastic recoil and power (Cole & Grimshaw, 2015). A case study found the resolution of a 56-year-old male
golfer's un-resolving lower back pain by utilizing a management strategy which was focused on improving the
hip ROM (Lejkowski & Poulsen, 2013). The relationship between improving hip ROM and resolving lower
back pain shows that Cole's (2015) relationship between pelvis, thorax, and lower back injury may be due to the
restriction of the pelvis placing increased stretch on the lumbar musculature, generating increased susceptibility
to injury through repetitive use. A comprehensive rehabilitation approach for golfers with lower back pain
should include the prescription of functional core strengthening exercises and focus on eliminating swing faults
which may have contributed to the lower back pain/injury (Brumitt & Dale, 2008).
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Section B: Golf performance and osteopathic manual therapy:

Overview:

The following section is constructed in order to provide an understanding of golfing performance and theories
behind how currently to improve. The section will provide an understanding of the current literature that is
provided in improving golfing performance through exercise, what characteristics are possessed by those golfers
with greater proficiency/performance, and case studies that have been completed in aiding golfing performance.
Screening tools for manual therapists will be reviewed in order to provide an understanding of what methods
manual therapists can use for the observation of functional and dysfunctional movements. The research will be
utilizing osteopathic manual therapy as an intervention so the literature review will assess philosophies and
theories that can be utilized in a clinical setting for the case studies in the attempt to improve golfing
performance through an osteopathic intervention program.

1. Introduction to exercise and golfing performance:

Through past studies, authors have determined that strength, flexibility, and balance are modifiable through
golf-specific exercise programs in order to improve golfing proficiency and performance (Doan, Newton,
Kwon, & Kraemer, 2006; Lephart, Smoliga, Myers, Sell, & Tsai, 2007; Meira & Brumitt, 2010). Through golfspecific training programs club head speed (CHS) and driving distance (DD) have been the primary variables
that have been assessed for change pre and post intervention (Doan et al., 2006; Fletcher & Hartwell, 2004;
Fradkin et al., 2004; Lephart et al., 2007; Weston, Coleman, & Spears, 2013). As a result of these trials,
positive and significant findings were made to CHS (Doan et al., 2006; Fletcher & Hartwell, 2004; Fradkin et
al., 2004; Lephart et al., 2007; Weston et al., 2013) and also DD (Fletcher & Hartwell, 2004; Lephart et al.,
2007) for golfers who participated in the studies which are summarised in Table 2. The current literature
investigating golf performance has a large focus on strength and conditioning characteristics of golfers, there is
a limitation in the literature regarding the flexibility and balance improvement and effects on golf performance
they may hold for golfers. This limitation provides a means for future research to investigate the effects of
improving range of motion (ROM), flexibility and balance of golfers and the changes that can be made to CHS
and DD.
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Table 2: Summary of studies for the improvement of golfing performance:
Study
(Esperon,
2015)

Design
Case study

Participant(s)
62-year-old
male playing
golf for 20 years
with a current
handicap of 15.

Aim
To establish
evidence to
support and
further the
field of golf
fitness and
physical
therapy.

Methods
20-week intervention program
designed to fulfill all necessary aspects
of golf specific strength and
conditioning was used. Lower body
stability accomplished through hip
balance and strengthening exercises
coupled with tissue extensibility
techniques were used in the program.

Results
The chief complaint was bilateral hip
pain which was made worst during
rotational movements through axial
loads during the swing. By week 10,
the patient was able to complete a full
round of golf with minimal to no pain
in bilateral hips. Subjective reports
at the end of the study show that the
participants still is experiencing no
pain during golf.
The essential components required to
produce a good result when treating
sports injuries were highlighted.

(Booth,
2005)

Case study

30-year-old
female
professional
right-handed
golfer.

Display the
effect of
physiotherap
y
intervention
over a 2-year
period on the
swing of a
professional
golfer.

Assessment and treatment of the
golfer's shoulder injury were based on
the researcher’s educated decisions
when treating golf related shoulder
injuries.

(Doan et
al., 2006)

Experime
ntal design
with a
longitudin
al training
interventio
n.

10 male and 6
female.

Supervised strength, power, and
flexibility training were performed 3
times per week for 11 weeks.
Performance tests were conducted
before and after the training period.

Significant increases (p < 0.05) were
noted for all strength, power and
flexibility tests from pre to post
training of between 7.3-19.9%. CHS
increased significantly (1.6%) with a
4.9m increase of DD. Putting
distance control improved for the
men only (29.6%).

(Fletcher &
Hartwell,
2004)

RCT

11 male golfers
mean age 29
7.4 years with a
mean handicap
of 5.5 3.7

To
determine
the effects of
a physical
conditioning
program on
CHS,
consistency
and putting
distance.
Determine
the effect of
a combined
weights and
plyometric’s

The participant's full golf swing was
analyzed for CHS and DD before and
after an 8-week training program.

Controls showed no significant
changes, while experimental subjects
showed a significant increase (p >
0.05) of CHS and DD.

Conclusions

Components include
detailed discussion
between the golfer,
coach and
physiotherapist, the
use of digital
performance analysis,
and the application of
relevant
musculoskeletal
profiling.
Eleven weeks of golfspecific physical
conditioning
increased CHS
without a negative
effect on consistency
or putting distance
control.

The changes were
attributed to an
increase in muscular
force and
improvement in the
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program on
golf drive
performance
.

(Fradkin et
al., 2004)

Controlled
trial.

20 male golfers,
mean age
(range) 39.6
(23-64) years
with a mean
handicap
(range) of 19.8
(12-27).

(Gordon,
Moir,
Davis,
Witmer, &
Cummings,
2009)

Correlatio
n
observatio
n.

15 male golfers,
each subject had
a handicap of 8
or less in order
to avoid
variability

(Keogh et

Cross-

10 low handicap

To
determine
whether a
golf specific
warm-up
programme
improved
golf
performance
of 10 male
golfers
compared to
10 matched
controls.
The
investigation
into the
relationship
between
flexibility,
power, and
strength to
CHS in male
golfers.

Assessment

sequential
acceleration of body
parts contributing to a
greater final velocity
being applied to the
ball. Combined
weight and
Plyometric training
can help increase CS
and DD.
This study has shown
that golfer's
performance will be
significantly
improved by
undertaking a golf
specific warm-up
programme compared
with not warming up.

Participants were matched for age and
handicap. Club head speed was
assessed by two-dimensional video
analyses in a lab. Week 1 all golfers
played 10 shots. Weeks 2-7 control
repeated week 1. The exercise group
performed the warm-up program prior
to the 10 shots.

Mean CHS of exercise group
improved at each testing week.
Between weeks 1-2 the exercise
group improved CHS by 3-6 m/s
(12.8%) and between weeks 1-7 they
increased CS by 7-10 m/s (24%). A
significant difference p = 0.029 was
found between control and exercise
groups CS.

Following a standard warm up subjects
proceeded to hit 5 whiffle golf balls
with a 5 iron while their CHS was
measured. Rotational trunk flexibility
was measured on a trunk rotator
machine. An index of total body
rotational power was measured through
a hip toss with a 3 kg medicine ball.
Pearson correlations were used to
assess the relationship between CHS
with flexibility, power, and strength.
Partial correlations were run to assess
the effect of the handicap on the
relationships.
The golfers performed 10 swings for

Chest strength was found to be
significant (r=0.69, p, 0.05) and total
body rotational power (r = 0.54, p,
0.05).

The results of the
study show that
strength of the chest
in the pectoral deck
motion and total body
rotational power
significantly correlate
with CHS in male
golfers.

Lower handicap golfers hit the wall

Golfers with higher
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al., 2009)

sectional

golfers age 22.9
3.4 years
handicap 0.3
0.5
10 high
handicap golfers
age 27.8
7.8years
handicap 20.3
2.4

of
anthropomet
ric profile
regarding
flexibility,
muscular
strength, and
endurance of
20 golfers.

maximum velocity and accuracy with
their 5 iron club.

mount target more (115%) and had a
12% faster CHS. The lower
handicap golfers also had
significantly greater swings (28%)
specific wood chop strength (p =
0.01) with bench press, hack squat,
upper/total arm strength also
significant (0.01, p, 0.05).

(Lephart et
al., 2007)

Pre and
post
training
interventio
n design

15 male golfers
mean age 47.2
11.4 and a
handicap mean
of 12.1 6.4.

Determine
the effects of
an 8-week
golf specific
exercise
program on
physical
characteristi
cs, swing
mechanics,
and golf
performance
.

Subjects performed a golf-specific
conditioning program 3-4 times per
week for 8 weeks during the off-season
in order to enhance physical
characteristics. Pre – post training
tests involved strength (torso, shoulder,
and hip), flexibility, balance, swing
mechanics, and golf performance.

Following training, torso rotational
strength and hip abduction strength
improved significantly (p > 0.05).
Torso, shoulder and hip flexibility
improved significantly in 3 of 12
measurements. Subjects increased
average club velocity (p > 0.001),
carry distance (p> 0.001) and total
distance (p> 0.001).

(Meira &
Brumitt,
2010)

Lit review

Studies were
chosen based on
if they were
RCT, quasiexperimental
single case
design, a
nonrandomized
historical cohort
comparison, a
case series or a
case report.

Review of
papers
minimizing
injuries and
enhancing
performance
in golf
through
training
programs.

Review of relevant studies on the golf
injuries, the swing mechanics, training
routines, and general training program
design.

Injuries may be associated with lack
of warm-up, poor trunk flexibility,
and strength, faulty swing technique,
and overuse

golf specific cable
wood chop strength,
bench strength, and
longer arms may,
therefore, have a
competitive
advantage as these
characteristics allow
the production of
greater club head
velocity and ball
displacement.
These results indicate
that a golf specific
exercise program
improves strength,
flexibility, and
balance in golfers.
These improvements
result in increased
upper torso axial
rotation velocity,
which resulted in
increased club head
velocity, ball velocity
and drives distance.
Implementing a
training program that
includes flexibility,
strength, and power
training with
correction of faulty
swing mechanics will
help the golfer reduce
the likelihood of
injury and improve
overall performance.
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(Quinn,
2013)

RCT

100 male
golfers, between
ages of 16-25.

(Sell, Tsai,
Smoliga,
Myers, &
Lephart,
2007)

Descriptiv
e cohort
study.

257 males
participated
with age mean
of 45.5, 12.8
years and were
divided into
groups of
handicap (<0, 19 and 10-20).

(Weston et
al., 2013)

RCT

36 male golfers.

To compare
the effect of
myofascial
trigger point
therapy and
stretching to
myofascial
trigger point
therapy and
medicine
ball
exercises on
elite golfers
ROM,
biomechanic
s, club
performance
and ball
flight.
Examining
the physical
characteristi
cs important
to golf
performance
.

Male elite golfers were assigned into
two intervention groups and one
control group. The first intervention
group received trigger point therapy of
iliopsoas and static stretch of iliopsoas
followed by a 1-week iliopsoas
stretching home programme. The
second intervention group received
trigger point therapy of iliopsoas and
medicine ball exercises followed by a
one-week medicine ball exercise home
programme. Control had nothing.

The group that received the trigger
point therapy combined with ball
exercises showed an improvement in
accuracy relative to the control and
stretch group ( Fishers exact =
0.0016) and an improvement in
backswing hip turn relative to control
(p=0.0248). After a week of ball
exercises, the ball group showed
improvement in downswing hip turn
relative to control (p=0.0328). The
group with iliopsoas stretch showed
improved accuracy (fisher’s exact =
0.016) relative to control.

The trigger point
therapy combined
with medicine ball
exercise resulted in
positive changes to
rotational
biomechanics and
ball flight. The
trigger point therapy
combined with
stretch exercise
resulted in positive
changes to ball flight.

Studied the strength, flexibility, and
balance characteristics of golfers across
3 proficiency levels. Testing was an
assessment of strength (torso, shoulder,
and hip), flexibility (torso, shoulder,
and hip) and single leg balance.

Golfers with lower handicaps had
significantly greater (p > 0.005) hip
strength, torso strength, shoulder
strength, shoulder flexibility, hip
flexibility, torso flexibility, and
balance.

The effect of
an 8 week
isolated core
training
program on
selected ball
and club

The golfers were randomly assigned to
exercise and control groups. Exercise
group participated in an 8-week core
training program with eight basic
exercises.

The effect of core training, when
compared with control, was a small
improvement in CHS (3.6%; 90%
confidence limits = +- 2.7%) and
small improvement in muscular
endurance (61% +-33%)

The results of the
study demonstrate
that better golfers
possess unique
physical
characteristics that
are important to
greater proficiency.
These characteristics
have also been shown
to be modifiable
through golf-specific
training programs.
The benefits achieved
from our isolated
core training program
are comparable with
those from other
studies.
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(Smith,
Lubans, &
Callister,
2014)

Quasiexperimen
tal design

Intervention
group n=12
junior club, n =
8 selective
academy and a
control group n
= 10 selective
academy

parameters
during the
golf swing
and also the
variability of
these
measures
Examine the
effect of
resistance
training on
strength
characteristi
cs in junior
golfers and
observe the
effect this
has on golf
performance
.

The intervention program resulted in
moderate to large effect sizes (Cohen's
d = 0.64 – 0.96) for all strength
variables regarding single leg squat,
side-bridge, and modified pushups) a
small effect size was observed in
shoulder mobility whereas trivial
changes were seen in the sit and reach
scores.

Reduction in handicap by the
intervention group was 2.9 strokes
whereas the control group reduction
was 1.6 strokes, this was a small
effect size (d=0.42)

Evidence from this
study suggests that a
well-designed
resistance training
program has the
potential to assist in
improving strengthendurance and
physical preparedness
to compete and play
which may, in turn,
improve on course
golf performance in
junior golfers.

34

2. Exercise and characteristics of golfing performance:

2.1 Characteristics for greater proficiency in golf:

A descriptive study investigating a cohort of 257 male golfers which had divided the participants into
proficiency levels (<0,1-9 and 10-20 HCP) found that superior hip strength, torso strength, shoulder strength,
shoulder flexibility, hip flexibility, torso flexibility, and balance were the key characteristics that contributed to
lower handicap and power generation for golfers' swings (Sell et al., 2007). Golfers who receive increased
power through golf specific exercise programs show greater acceleration of the swing, which in turn produces
an increase in velocity which has been observed to improve CHS and DD (Fletcher & Hartwell, 2004). Other
authors observing smaller groups have found more significance in characteristics that contribute to greater CHS
and DD, such as the chest strength (Gordon et al., 2009; Keogh et al., 2009), body rotational velocity (Gordon et
al., 2009), the ‘wood chop’ velocity and individuals with longer arms (Keogh et al., 2009).

2.2. Limitations of golf-specific training programs:

Golfing performance regarding CHS and DD has been shown to be improved when utilizing a golf-specific
warm up program over 6 weeks (Fradkin et al., 2004), golf-specific strength and conditioning programs of 8
weeks (Fletcher & Hartwell, 2004; Lephart et al., 2007; Weston et al., 2013) and 11 weeks (Doan et al., 2006).
A common limitation presented across a number of studies (Doan et al., 2006; Fletcher & Hartwell, 2004;
Lephart et al., 2007; Weston et al., 2013) was the lack of focus that had been placed on improving flexibility of
the shoulders, hips and torso, which are characteristics that are associated with greater CHS and DD in golfers
(Sell et al., 2007). These studies also presented a further limitation due to the lack of movement screening of
the participants to identify dysfunctional movements regarding the ROM and quality of movement over the hip,
shoulder, and torso which may be preventing greater improvement of CHS and DD during the study. However,
in saying that, these golf-specific training programs were designed to improve overall golfing performance and
were not tailored to meet individual participant’s specific needs. For this reason, the findings provide good
generalisability for the strengthening program; however, limitations may have occurred due to some participants
potentially being more limited than others in specific movements that the training program was targeting.
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2.3. Golf-specific exercise programs and injury prevention:

Through strength, flexibility and balance training, a player with a more stable base of support will possess
greater torso flexibility (Gulgin, Armstrong, & Gribble, 2009; Lephart et al., 2007). The study by Lephart et
al., (2007) also found that younger golfers who improved stability through the base from conditioning programs
were likely to avoid injury and that senior golfers may be able to limit age-related limitations that may be
occurring through a similar exercise program. A review study showed that implementing training programs
providing flexibility, strength, and power with correction of faulty swing mechanics will help the golfer reduce
the likelihood of injury and improve overall performance (Meira & Brumitt, 2010). Golf performance and
injury prevention have also been shown to be improved through golf-specific warm-up programs improve CHS
and DD when applied 4-5 days a week and prior to playing (Fradkin et al., 2004; Gosheger et al., 2003). A
study investigating the effects of static stretching prior to practice as a warm up on CHS, distance and accuracy
found that it was not advisable to complete such activities prior to play, due to reported decreases in CHS and
DD following static stretching (Gergley, 2009). Within the literature (Fradkin et al., 2004; Gergley, 2009) It
was found that warm up programs should consist of active gradual dynamic movements which mimic the golf
swing prior to play, this is due to the dynamic nature of the golf swing and static stretching does not prepare the
body for a round of golf.

2.4. Exercise programs and golf:

Studies with a focus on improving the stability of the legs and torso have shown to have positive influences of
DD and CHS in golfers (Fletcher & Hartwell, 2004; Sell et al., 2007). In Fletcher and Hartwell’s (2004) study,
the goal was to provide golfers with greater stability of the lower body while generating greater active
movement through the torso and arms after participation in 8 weeks of combined weights and plyometric’s
exercise program. During a 12-week study involving core muscle strength training of female golfers the ability
for improved flexibility, muscular strength and driver shot performance was assessed (Kim, 2010). It was
found that female golfers should continuously perform a core strengthening regime due to the benefits that were
identified to CHS and carry distance during the driving shot (Kim, 2010). Interestingly, a relationship has also
been identified between the DD, CHS, ball speed and muscular strength of a golfer (Torres-Ronda, SánchezMedina, & González-Badillo, 2011). Here it has been found that training the lower extremity, improving trunk
power and overall grip strength were important factors for golfing performance which are also supported by
other findings within the literature (Fletcher & Hartwell, 2004; Lephart et al., 2007). Furthermore, it has also
been found that improving pectoral strength and the rotational power is contributing factors to improving CHS
(Gordon et al., 2009; Keogh et al., 2009).
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3. Case studies and golfing performance:

As well as specialised exercise programmes, golfing performance has been shown to be improved through the
utilization of manual therapy approaches in the form of case studies (Booth, 2005; Esperon, 2015). Case
studies by Booth (2005) and Esperon et al., (2015) showed a limitation in the methods due to the lack of
examination of the CHS and DD pre and post intervention of the study. However, a strength presented by
Booth (2005) was the incorporation of video analysis of the golfer's swing and a combined analysis of the swing
mechanics by the physiotherapist and the golfer's coach. This was done in order to identify the limitations to
the golfer's swing so that they could tailor the intervention program for improving performance. This highlights
the limitation presented by the studies investigating the golf-specific strength and conditioning programs (Doan
et al., 2006; Fletcher & Hartwell, 2004; Lephart et al., 2007; Weston et al., 2013) as Booth (2005) was able to
identify joint specific movement limitations which were limiting the golfers performance compared to the
strength and conditioning generic programs which were establishing a training regime rather than a golfers
specific needs.

4. Osteopathic medicine:

Osteopathic medicine is a form of manual therapy that has been practised since the 1870’s, discovered by
Andrew Taylor Still (Parsons & Marcer, 2006). Osteopaths treat a range of conditions from musculoskeletal
injuries, reduced ROM and flexibility, pathologic conditions, rehabilitation from injury, injury prevention, and
general maintenance for the improvement of general health. Osteopaths are primary health care physicians who
operate using a bio-psychosocial model in the management of the general population (Parsons & Marcer, 2006).
The practice of osteopathy consists of various prophylactics, diagnostic and therapeutic measures designed to
maintain or restore structural integrity and thus ensure physiological function (Parsons & Marcer, 2006).
Osteopathic medicine also incorporates a strong sense of person-centred care providing patients with comfort,
acceptance, responsiveness and empathy (Parsons & Marcer, 2006). Osteopathy is dominated by passive
manual approaches to help individuals recover from injury to the musculoskeletal system (Lederman, 2010).
Through these passive manual approaches, golfers may benefit from improved flexibility with the shoulders,
hips, and torso whether they are injured or not.
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5. Person-Centred Care:

Osteopaths need to incorporate person-centred care in order for individuals being treated to receive tailored
manual therapy care and not be treated as a condition. Person-centred care focuses on the patient and the
particular health needs that have been identified by a well structured medical case history from a primary health
care physician (osteopath). Person-centred care draws heavily on skilled therapeutic communication and
empowers the patient to make informed decisions about how to improve their general health (Parsons & Marcer,
2006; Stewart, 2001). The goal of centring the focus on patients is to empower the patient to become active
participants in their own rehabilitation process. In order for patients to be involved with their own health care,
it requires that physicians develop good communication skills and address their patients' needs effectively
(Oates, Weston, & Jordan, 2000). In osteopathic care, the application of empathy towards individuals is vital
for patient management; thus, patients are known as individuals in the context of their own social worlds,
listened to, informed, respected and involved in their care – and their wishes are honoured (but not mindlessly
enacted) during their health care journey (Reynolds, 2009).

6. Osteopathic neuromuscular re-abilitation, a combination approach to manual
therapy:

A new idea emerging idea in manual therapy health is osteopathic neuromuscular re-abilitation which was
developed by Lederman in the early 1990s (Lederman, 2005). Osteopathic neuromuscular re-abilitation is a
methodological functional approach to treating the neuromuscular system and it uses both active (functional
movements such as corrective exercise) and passive (osteopathic intervention) elements in order to repair the
movement pattern that is deemed dysfunctional (Lederman, 2010). Osteopathy was, and in some respects still
is, dominated by passive manual approaches and low-level active engagement of the patient outside the
treatment session (Lederman, 2010). These approaches have little or no lasting effect on movement control and
neuromuscular recovery (Lederman, 2009). Therefore, other models of treatment need to be incorporated into
patient management for long-term changes to movement patterns. Long-term changes can be achieved through
one of the key principles of osteopathic neuromuscular re-abilitation, by combining active exercises to improve
neuromuscular control with passive manual therapy approaches to help recover motor losses and improve
functional movement (Lederman, 2010). In order for the treatment method by Lederman (2005) to be
administered effectively, a well developed working hypothesis needs to be generated by the osteopath.
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7. A process approach to osteopathic manual therapy:

A process approach is a new idea emerging in the literature which provides a concept for the clinical reasoning
and working hypothesis generation for manual therapists. A process approach is a current therapeutic model
for manual and physical therapists; in particular, in the area of musculoskeletal and pain care (Lederman, 2015).
A process approach identifies three key processes associated with recovery which are the; repair, adaptation, and
alleviation of symptoms in order to co-create with the individual environments in which their recovery process
is optimized (Lederman, 2015). In a process approach, the management is aimed at supporting the recovery
processes rather than directly altering biomechanics structure/anatomy or posture, as proposed in a structural
model (Lederman, 2015). The recovery process, using a process approach, can be readily identified in many
conditions for example acute injuries and post-surgery conditions are associated with tissue damage and
therefore repair is the primary recovery process for the first 1-3 weeks depending on severity (Lederman, 2015).
Recovery by adaptation is associated with more chronic conditions where movement losses are due to tissue and
motor control changes of the musculoskeletal system, such as long-term contractures post-surgery/injury or
CNS damage from stroke (Lederman, 2015). The role of manual therapy in alleviating symptoms may be
associated with the touch effects of manual therapies (Lederman, 2015). Osteopaths can use medical case
history and physical examination findings in order to determine which phase the patient is in when utilising a
process approach model.

8.

Screening tools:

Osteopaths use medical case history and physical examination findings in order to generate a working
hypothesis for the management of an individual. Clinical practitioners use screening tools (as a physical
examination tool) which are predesigned tests that assess the functional demands and movement quality of an
individual. The proposed dynamic model below (Figure 2) is recursive in that one exposure to intrinsic or
extrinsic risk factors can alter the predisposition to injury and allow the athlete to cycle through the model
repeatedly. Movement quality can be incorporated into the model by Meeuwisse et al., (2007) as an intrinsic
risk factor. Poor movement quality resulting as an intrinsic risk factor can act as a predisposition of the athlete
towards injury. Screening tools can help manual therapists identify these poor movement qualities (regarding
neuromuscular control, previous injuries, strength and dysfunctional movements) in order to avoid injury from
occurring. Reduction in the intrinsic risk factors through osteopathic monitoring of individuals through
screening assessments and medical case histories can potentially contribute to the reduction of athletes cycling
through the dynamic recursive model as presented by Meeuwisse et al., (2007).
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Dysfunctional movement

Figure 2: A dynamic, recursive model of aetiology in sports injury. Reproduced from (Meeuwisse, Tyreman,
Hagel, & Emery, 2007).

9.1. Current movement screening for golf medical professionals:
The current movement screens used by the Titleist Performance Institute's (TPI) certified coaches and medical
professionals (physiotherapists, osteopaths and chiropractors) for assessing golfers functional movements are
the Y-balance test (Gray, 1995), Functional Movement Screen™ (FMS™) (Cook, 2010), selective functional
movement assessment (SFMA) (Cook & Kiesel, 2004) and the TPI level 1 movement screen (Gulgin, Schulte,
& Crawley, 2014). The purpose of these movement screens is to identify any physical limitation that may
hinder a golfer’s performance (Gulgin et al., 2014). As mentioned in earlier sections, identifying physical
limitations in amateur players is important, due to the ease of developing non-optimal swing biomechanics
which thereby may result in the progression of swing faults and in turn, possibly increasing the risk of injury
occurrence (Gulgin et al., 2014). Therefore, the importance of clinical practitioners having an understanding of
movement screens in order to identify non-optimal biomechanics within golfers is important to understanding
the possible cause of the swing fault and/or the potential development of/or exacerbation of existing injury.
There is currently only one study investigating screening tools and the benefit they hold with the golfing
community by Gulgin et al., (2014).
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9.2. The Selective Functional Movement Assessment:

The SFMA has been used in studies regarding shoulder and lumbar spine disorders (Kim, Choi, & Yim, 2016),
rehabilitation for knee arthroplasty (Nelson, 2016) and therapeutic exercises for lower back pain (England,
2016). The SFMA reviews the movements of the cervical spine, upper extremity, multi-segmental region
(assessing the flexion, extension, and rotation of the thorax), single leg stance and overhead squat (Cook &
Kiesel, 2004). The movements of each section are assessed by a practitioner in order to determine if the
movement was ‘functional’ or ‘dysfunctional’ and reported with ‘painful’ or ‘non-painful’ experiences from the
participant. The SFMA is used in order to identify components of functional movements regarding the general
posture, ROM, muscle performance, motor control and balance reactions of each participant (Cook & Kiesel,
2004). Impairments that are identified regarding these components could potentially alter the functional
movement resulting in or be a result of pain (Cook & Kiesel, 2004). The SFMA is used in a medical situation
where movement produces pain and helps to identify the painful and dysfunctional patterns present with an
injured golfer (Gulgin et al., 2014). The SFMA serves as a feedback system in order for the physician to
determine the effectiveness of the intervention being delivered each week (Cook & Kiesel, 2004).

9.3. The Titleist Performance Institute (TPI) level one movement screen:

The TPI level 1 movement screen is a favourable assessment of movement for golfers because it uses 14
predesigned tests of strength and endurance. The 14 predesigned tests are assessed for the identification of the
dysfunctional movement which is correlated with swing faults. In order to address the dysfunctional
movements found using the TPI screen, strength and conditioning programs may be used (Gulgin et al., 2014).
A study done by Gulgin et al., (2014) found that the four most frequent physical limitations in their sample of
examined golfers were their inability to correctly complete the: 1) overhead deep squat, 2) toe touch, 3) single
leg balance and 4) side-bridge. Furthermore, the overhead deep squat was associated with swing faults such as
early hip extension (67%), loss of posture (54%) and slide (29%). Single leg balance was another physical
limitation seen frequently in the study by Gulgin et al., (2014). Here, those who had poor single leg balance on
the left-hand side were three times more likely to extend the hip early, lose posture and slide during the golf
swing. Gulgin et al., (2014) found three correlations within their study: 1) golfers with toe touch limitation
were six times more likely to have early hip extension, 2) Golfers with a limitation with endurance of right side
bridging were five times more likely to show early hip extension and 3) six times more likely to lose posture.
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9.4. Summary of golf movement screens:
The study conducted by Gulgin et al., (2014) had concluded that when analysing a golfer, it is particularly
important for golf fitness professionals to address a golfer's core strength, balance, and hamstring flexibility in
order to help avoid common golf swing faults. A limitation of the study by Gulgin et al., (2014) was the
sample size of 36 participants. Although correlations were made by Gulgin et al., (2014) larger sample sizes
need to be observed in order to provide a true representation of what dysfunctional movements can be associated
with common swing faults. The SFMA screen provides a greater full body scope of movement and is more
clinically relevant for medical professionals working with golfers. The SFMA screen is a level 3 TPI certificate
screen for medical professionals, and the TPI screen is a TPI level 1 certificate screen for golf swing coaches
(Gulgin et al., 2014). The SFMA screen observes the overhead squat; single leg balance and toe touch
capabilities of participants which have been associated with common swing faults by Gulgin et al., (2014). Due
to the SFMA having a larger scope of functional movement than the TPI screen, the SFMA is useful in a clinical
trial as it is a subjective measure for a practitioner to measure the effectiveness of treatment provided and
therefore the changes for functional movements.

10. A combined clinical approach to improving golfing performance:

There are a large range of injuries which have been identified amongst golfers which involve all regions of the
body with the lower back (Dhillon et al., 2006; Fradkin et al., 2005; Gosheger et al., 2003) and the wrist
(McCarroll & Gioe, 1982) being primary areas of concern. Injury rates have been found to be high in both
amateur (McCarroll et al., 1990) and professional golfers (McCarroll & Gioe, 1982). However, pre-game
warm-ups (Fradkin et al., 2004; Fradkin, Finch, & Sherman, 2001; Fradkin et al., 2007; Gergley, 2009) and
golf-specific exercise programs (Lephart et al., 2007; Meira & Brumitt, 2010) have been shown to not only
improve golfing performance but also aid in the prevention of injuries in addition to improving the overall
health of golfers (Lephart et al., 2007; McCarroll & Gioe, 1982). Performance Therapy is a new emerging idea
inside of the literature that is focusing on manual therapy approaches to enhancing sporting performance (Evans,
2016). Osteopaths are able to treat and manage a wide range of musculoskeletal conditions. They are also
capable of identifying, preventing and treating dysfunctional movement patterns which may contribute to an
individual’s injury. Osteopaths are able to improve flexibility and help people become more aware of their
ability to balance and stabilize throughout the lower extremity. Through combining concepts of exercise
prescription and osteopathic manual therapy, golfers may be able to benefit further in obtaining greater
flexibility, control, balance and potentially strength. Through a combined approach of osteopathic manual
therapy techniques and a golf specific exercise program, there is potential for the overall golfing performance
and general health of individuals to be improved.
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11. Rationale for a case series with the use of osteopathic management:

Despite the varying package of treatment, an osteopath is able to provide, osteopathy is often dominated by
passive manual approaches, which have little or no lasting effect on motor control and neuromuscular recovery
(Booth, 2005). However, the use of movement analysis may offer an approach for clinicians to identify
dysfunctional movement patterns of whole body movement and match them with active, corrective exercise,
alongside passive treatment. With the identification of dysfunctional movement patterns, further assessment is
required for the clinician to attend to this pattern with the application of targeted therapeutic exercise choices
that are not harmfully affected by pain in order to reduce the movement dysfunction (Lederman, 2009).
Movement pattern corrective exercise is a form of exercise that focuses more on improving mobility, stability,
and basic motor control and whole movement patterns than the parameters of physical fitness and performance
(Gray Cook, 2010). The proposed project is a case series of five prospective case studies which demonstrate
the use of osteopathic intervention and corrective exercise in order to improve golfing performance. Golf
performance measures will be: the carry and total DD, CHS, ball speed, launch angle, SMASH factor, and flight
time. Golf performance measures will be assessed pre and post-intervention in order to determine whether
manual therapy with corrective exercise can influence golf performance. The main goal of the project is to take
a participant who is displaying dysfunctional movement patterns (with or without pain) when analysed through
movement screening and facilitate individuals through an active/passive management plan towards a more
functional movement pattern with no pain. After developing a management program based on person-centred
needs, the aim is to use osteopathic techniques and corrective exercise to help the golfer achieve optimal
function with no pain and then re-observe for any changes in golf performance measures. The case study
should aim to address the question of whether or not there is a premise for future larger scale research to be
conducted to investigate the role of osteopathic manual therapy coupled with active exercise for improving
golfing performance.
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METHODS

1.1.

Aim:

The aim of the study was to demonstrate the use of combining active therapy (corrective exercise) with passive
therapy approaches (osteopathic manual therapy/management) for the purpose of improving golfing
performance over an 8-week period in individuals with injuries/dysfunctional movement.

1.2.

Research questions:

The following research will aim to answer the following two questions:



To what extent does osteopathic intervention change golfing performance following a course of
intervention?
Is there sufficient preliminary evidence to justify a larger group design to investigate a corrective
exercise program with osteopathic intervention for improving golfing performance?

1.3.

Objectives:


Collect data regarding the effectiveness of the osteopathic intervention on golf performance.



Compare the findings of this case series with other case studies working with golfers.



Determine the benefit of osteopathic intervention for golfer’s performance.



Observe the physical changes of golfer’s movement and biomechanics and the relationships
these may contribute towards golfing performance.



Provide guidelines for the study design of further study into the field of osteopathic intervention
for golfers regarding changes to limitations of the study.

1.4.

Study Design:

The design of the study is a retrospective case series involving a combined clinical approach with the
application of manual therapeutic interventions (‘passive treatment') with corrective exercise (‘active
treatment'). The process is tailored in the management of five golfers, based on a needs analysis (SFMA
screening and osteopathic case history/assessment). Each case study was guided through an osteopathic
management program for 8 weeks in order to improve injury or dysfunctional movement that are restricting
their golf swing and performance. The study should identify areas for osteopathic management of golfers.
Figure 3 shows the timing of variables from within the study.
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Figure 3: Timeline of variables within the study.
Measures

Timeline
BM

1

Notes
2

3

4

5

6

PIM

Baseline measures (BM) and Postintervention measures (PIM).

FlightScope analysis

x

x

Carry distance, total distance, CHS, ball
speed, ball speed, SMASH factor and
flight time were analyzed over 10 swings
of 5-iron and driver with FlightScope
technology.

SMASH factor
SFMA

x

x
x

X

x

x

x

x

Used as a control during swing analysis.
Identifies areas of interest that are
‘dysfunctional’ or ‘painful’.

Treatment- osteopathic

x

X

x

x

x

x

The patient specific treatment plan based
on needs analysis.

Corrective exercise

x

x

x

x

This was developed based on the patient's
needs identified from patient specific
functional scale, TPI screen, SFMA and
osteopathic clinical reasoning.

Warm up exercises

X

x

x

x

x

x

Exercises prescribed to the patient that are
designed to prepare the body for a round
of golf or practice to be conducted 3 times
weekly and prior to playing in order to
develop a regular routine for the golfer.

Golf specific exercises

x

x

x

x

Exercises prescribed to the golfers in
order to improve strength and stability of
golfers in order to alleviate or prevent
swing fault development during the study.
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2. Participants and Ethics
2.1. Sampling and Recruitment:
Participants were recruited through emailing the management of golf clubs within the Auckland, New Zealand
region about the potential for golfers to participate in the study. Golf management provided members with
information sheets about the study. Golf clubs were chosen for emailing based on their location to Unitec.
Participants who were interested in the study then made contact with the researcher through email or telephone
to suggest interest in participating in the study. Male and female participants were eligible to join the study and
recruitment continued until 5 people were enrolled in the study.

2.2. Ethics:

The study was approved by the institutional ethics committee (UREC 2015-1026). Information sheets were
provided to all potential participants (Appendix 2). Once contact with the researcher was made a verbal
briefing was conducted in order to provide further information to the participant over the telephone. Enrolment
into the study was completed upon the fulfilment of a written consent form by each participant (Appendix 3).
Clinical interactions with each participant were delivered in accord with the Capabilities for Osteopathic
Practice (Stone, Hager, & Boud, 2009); the Code of Ethics (OCNZ., 2016) and the Code of Rights
(Commissioner, 1994) regarding the provision of clinical care during the study.

2.3.

Inclusion Criteria:


Male or female aged between 18-60



Registered with New Zealand dot golf with a handicap between 0 and 18.



Has been playing golf on a regular basis for at least 1 year



During the period of the study, the participant should be able to play golf once a week.



Can attend 6 consecutive weeks of treatment at Clinic 41, Mt Albert.



Participant is willing to perform home based warm up exercises, corrective exercises to address swing
faults and researcher guided exercises under supervision during weekly consultation



Has a perceived movement restriction or previous history of injury that they believe is interfering with
their ability to perform to their peak performance on the golf course currently.



Participants were required to meet the description of ‘functional with pain’, ‘dysfunctional with pain’
or dysfunctional with no pain’ through SFMA screening.



Has own means of transport and is a member at a golf course within Auckland region.



Is able to pass a pre-exercise health screening developed by ExerciseRx (McEwen, 2016).
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2.4.

Exclusion Criteria:


Participants should not have fluctuated from their set handicap by ± 4 strokes in the previous 6 months
e.g. The golfer's handicap has been a 14 within the range of 10-18 in the last 6 months.



Herniation of the lumbar inter-vertebral discs within the last 2 years.



Is not playing golf regularly e.g. Has to be playing at least once a fortnight.



Has an injury that is currently preventing the regular play of golf.



Has a current fracture that is restricting golf play.



The participant cleared the SFMA screening and was categorized as functional with no pain over all
five domains of the SFMA screening.



Inability to pass a pre-exercise screening protocol.



Inability to perform home and physician observed exercises due to a systemic issue involving, for
example, cardiac issues.

3. Clinical Process for Assessment and Treatment:
3.1. The intervention program:
The intervention program was developed and recorded in a table below (Table 3) for each participant’s case
study. In each case, the intervention used each week was coded using abbreviations shown in the table below.
Working diagnosis and primary objectives for the intervention program are based on week one's medical case
history and osteopathic physical assessment. Primary objectives are also identified from SFMA or osteopathic
physical assessment in regards to dysfunctional movements that may be restricting the participant golf
swing/performance. Each following week primary objectives are re-examined using SFMA and intervention is
used accordingly based on the participant's need for improvement.

Table 3 the osteopathic intervention program table template.
Working hypothesis/Primary objectives:

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Example: The participant requires greater
internal hip rotation of the lead (left) hip

MOB,
MET.

BLT,
HAR

HBE,
ART

ART,
CET

MET,
CET

MOB,
CET

Abbreviations: MOB = Mobilisation, MET = Direct/indirect muscle energy technique, BLT = Balanced
ligamentous tension, S/CS = Strain/counterstrain, HAR = Harmonics, MFR = Myofascial release, INH =
Inhibition, FNCT = Functional, ART = Active release of tissues, HBE = Home based exercises, CET =
Corrective exercise therapy.
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3.2. Osteopathic case history:
The researcher used a case history at the initial consultation in order to determine the primary needs of
management for each participant. A case history regarding general health, current injuries, past injuries and
systemic health was undertaken in order to identify areas for the intervention of osteopathic care during the first
weeks of the study.

3.3. Osteopathic physical assessment:

Table 4 below is an overview of the osteopathic physical assessment that was completed at the initial consult
(week one). Weeks two-six were predominately SFMA testing with re-examination of primary objectives
identified from physical assessment at week 1.
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Table 4: Overview of the physical assessment tests for week one
Clinical test

Method

Objective

Reliability

Reference

Observation

Observing postural orientation of

Observe the positioning in

Postural index has demonstrated good objectivity (ICC

(Greenman, 2003)

of posture

cervical, thoracic and lumbar

regards to neutrality to the

= 0.865), good reliability (Cronbach's alpha = 0.842) and

spine, head posture, shoulder

participant's line of gravity

good validity compared to the posture assessment done

orientation, foot posture and knee

and the changes in orientation

by medical experts (spearman's rho = 0.712) (Ludwig,

varus/valgus.

to general posture.

Hammes, Kelm, & Schmitt, 2016).

Active

Active movement assessment

To identify any restriction that

Measures of the spinal active ROM in sagittal and

movements

regarding the ROM of large joints

may be restricted regarding

transverse planes were associated with disability scores

(shoulders, knees, hips) and

key movements which

of (r= . 43 and . 40, respectively) (Piva, Erhard,

smaller joints (spine, elbow, wrist,

contribute to the participant's

Childs, & Browder, 2006). Active examination of more

feet).

golf swing.

peripheral joints (shoulder) have shown good to

(Greenman, 2003)

excellent intra-rater reliability across tests (ICCs: 0.850.96) with the standard error of measurement and
minimal detectable change at 90% confidence range
from 2 to 5, and 5-12 degrees (Walker et al., 2016).
SFMA

Assessing the cervical spine,

To identify any issues

Substantial to almost perfect intra-rater reliability of the

(Cook & Kiesel,

upper extremity, multi-segmental

regarding the movements

SFMA(kappa, % agreement) was observed for all raters

2004)

spine movements, single leg

being ‘functional or

using the categorical scoring tool (rater A: .83, .91; rater

stance and overhead squat for the

dysfunctional’ and ‘painful or

B: .78, .88; rater C: .72, .85) (Glaws, Juneau, Becker, Di

functionality of movement.

non-painful’

Stasi, & Hewett, 2014).

Passive

Cervical, Thoracic and Lumbar

To identify any restrictions to

In order to make reliable decisions about joint

movements

spine, shoulder, elbow, wrist, hip,

ROM that is affecting the

restrictions in clinical practice, it is recommended that

knee and ankle mobility.

identified movements.

clinicians measure the passive ROM using goniometers

(Greenman, 2003)

or inclinometers (van de Pol, van Trijffel, & Lucas,
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2010). Passive examination of intervertebral cervical
joints has shown substantial and moderate reliability
(Piva et al., 2006).
Palpatory

Vertebral segments, ASIS, PSIS

Testing for the pelvic surface

The corresponding ranges for intra-rater reliability has

findings

and iliac crest levels.

anatomy for the assessment of

been found to be higher for all associated landmarks to

pelvic alignment.

the pelvis and lumbar spine: ASIS, 0.19 to 0.4; PSIS,

(Greenman, 2003)

0.13 to 0.49; ILA-A/P, 0.1 to 0.2; ILA-S/I, 0.03 to 0.21;
SS, 0.24 to 0.28; lumbar spine transverse processes L1
through L5, not applicable (Stovall & Kumar, 2010).
Special tests

1.

Kemps.

2.

Slump test and Straight
Leg Raise (SLR).

3.

1.

2.

Beighton’s
hypermobility scale.

3.

Facet impingement

When a multidisciplinary panel of experts consisting of

test.

physicians, surgeons, and physical therapists based in

Lumbar spine disk

Australia and New Zealand was asked to identify

Herniation.

indicators of facet joint pain, one of the items that

9 point checklist for

achieved consensus was “pain in extension, lateral

hypermobility.

flexion, or rotation to the ipsilateral side” known as
kemps test (Wilde, Ford, & McMeeken, 2007). The
Slump test has been found to be more sensitive (0.84)
than the SLR (0.52) in the patients with lumbar disc
herniations (Majlesi, Togay, Unalan, & Toprak, 2008).
Beighton's scale reliability studies have shown good
results (ICC = 0.96-0.98) (Evans, Rome, & Peet, 2012).

Upper and

Palpatory assessment of the basic

Distinguishing between upper

Manual Assessment of Respiratory Motion (MARM) has

lower rib

function of the participants

and lower rib breathing of the

shown the ability to differentiate between abdominal and

breathing

breathing mechanics.

participant and function of

thoracic breathing patterns (Courtney, Van Dixhoorn, &

diaphragm.

Cohen, 2008).

assessment

(Greenman, 2003)
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Leg length

Measuring from the greater

Distinguish any leg length

A clinical method such as the use of a tape measure for

(Sabharwal &

assessment.

trochanter of the femur to the

discrepancy that may be

leg length assessment has been noted as a useful

Kumar, 2008)

medial malleoli of the tibia.

present with the golfer.

screening tool, but not as accurate as imaging modalities
(Sabharwal & Kumar, 2008).
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3.4. Diagnosis/clinical hypothesis:

A working hypothesis was developed based on the findings obtained from an osteopathic case history, SFMA
screen, and osteopathic physical examination. The findings were then worked into a hypothesis which
addressed the primary need or lesion that was contributing to restricting the golfer's performance that was
identified by the physician. The working hypothesis consisted of the identified lesion/restriction and the
predisposing and maintaining factors that are contributing to the working hypothesis. The osteopathic
management program was then developed in order to address the working hypothesis.

3.5. Osteopathic intervention overview:

The intervention reporting was informed by the TIDieR checklist (Hoffman, 2014) intended to promote
standardised reporting of interventions in research studies. Each participant received three weeks of primary
osteopathic care based on the case history of golfer and SFMA scales followed by 3 weeks of combined
osteopathic and corrective exercise treatment package based on dysfunctional movements identified from
SFMA scales. Exercises are prescribed from the second intervention based on the needs of the participant. At
the time of the study, the researcher had 18 months clinical experience in the student osteopathic clinic, at Clinic
41, Mt Albert.

3.6. Osteopathic intervention weeks 1-3:

During the first week the intervention program was developed from the case history, observation, SFMA,
passive and active examination of the participant. As shown below (Table 5), regions were selected following
the screening of the participant. Once regions have been identified and primary objectives for improvement
established for dysfunctional movements, the intervention method can be selected from the passive list of
interventions for the first three weeks.

59

Table 5: The osteopathic intervention of weeks 1-3.
Physical examinations:

Region identified for

Osteopathic

intervention:

technique:

Observation of posture

Cervical spine

Articulation

Active movements

Thoracic spine

Direct/indirect muscle

SFMA

Lumbar spine

energy technique

Passive movements

Shoulder

BLT

Palpatory findings

Elbow

S/CS

Active resistance muscle

Wrist and hand

Positional release

testing

Pelvis and hips

Myofascial release

Special tests

Knees

Functional

Breathing assessment

Foot and ankle

Active release of

Leg length assessment

tissues
High velocity, low
amplitude thrust.

3.6.1. OMT strategy:
Osteopathic manipulative therapy (OMT) was administered based on the needs of the participant identified
through osteopathic case history, SFMA screening, and osteopathic examination. OMT was the primary form
of intervention during weeks 1-3. The aim of OMT was to improve dysfunctional movements and to
treat/prevent injuries from occurring with the participant. The physician selected techniques shown in the
appendix table 2.1 based on the needs identified through screening. The effect of OMT was monitored through
re-assessment of the SFMA each week prior to further treatment.

3.6.2. Home-based corrective exercises:
During week 2 a warm-up program (appendix 13) is administered in order to prepare the body for the day, daily
exercise and/or a round of golf. The exercise program is a warm up routine to be performed every morning and
10 minutes prior to play. During week 4 of intervention a corrective exercise program (appendix 13) is
provided to eliminate the development or presence of the most common swing faults (sway, slide and early hip
extension): 12 exercises have been selected that are incorporated in order to improve movement of golfers,
prevent swing faults and alleviate swing faults that are present by strengthening aspects of dysfunctional
movements.
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3.6.3. Practitioner guided corrective exercise with osteopathic intervention:
During weeks 4-6 osteopathic technique was combined with corrective exercises in order to improve
dysfunctional movements identified through SFMA screening of participants. The techniques were selected
based on each participant’s individual needs from the range of techniques displayed in table 6 below.

Table 6: the intervention process of weeks 4-6.
Screen:

Region selected:

Osteopathic technique:

SFMA

Cervical spine

1.

MET Glutes supine

1.

Box squat

Upper extremity

2.

gluteal harmonics

2.

Theraband box squats

longitudinal stretch.

3.

Theraband monster

Multisegmental
Single leg balance

3.

Overhead squat

Corrective exercise:

Gluteal soft tissue with

walking

inhibition/harmonics/Lo

4.

Single leg squats

ng leaver (based on

5.

Gluteal stretch over

judgment).
4.

Prone MET quadriceps

5.

MET Quadriceps prone.
Modified Thomas

6.

6.

Theraband quadriceps
stretch

7.

Lunges with an

stretches at foot of table.

emphasized posterior

ART of quadriceps with

tilt applied through the

Theraband.

pelvis.

7.

MET HS supine.

8.

Prone ART of
hamstrings with

9.

table

8.

Dynamic hamstrings
stretch.

9.

Straight leg deadlift

emphasis on eccentric

maintaining straight

load.

back (utilizing

Ankle, hip, and lumbar

broomstick).

articulation supine GOT
style.
10. Modified lumbar
manipulation turned into
MET.
11. Abdominal draw in with
ART release of lumbar
ES.
12. Semisim's technique of
QL
13. Abdominal draw in with
Lsp ES release (ART)

10. Kneeling to standing
left and right
(archetypal postures).
11. Seated broomstick
thoracic rotations (Full
ROM)
12. 45-degree hip hinge
(F) broomstick
thoracic rotations (Full
ROM)
13. Prone supermen.
14. Prone cobras.
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14. Prone ART release of
lumbar Es.
15. Diaphragm seated ST
release.

15. Abdominal draw in
with the double knee
to chest.
16. Abdominal draw in

16. MET Lat Dorsi

with the double knee

17. ART of Lat Dorsi

to chest with 2 kg

18. Articulation of thoracic

medicine ball bringing

spine (spinsters if greater

the ball to knees also

extension is required)

with arms.

turned into MET when
barriers are found.
19. Modified spinster’s

17. Quadruped opposite
arm/leg.
18. Lat stretch

technique of thoracic

19. Lat wall pulse

spine.

20. Seated broomstick

20. Assisted reach backs
turned MET of Tsp/Lsp
ES
21. ART of infraspinatus,

thoracic rotations (Full
ROM)
21. 45-degree hip hinge
(F) broomstick

subscapularis and teres

thoracic rotations (Full

major/minor.

ROM)

22. MET and ART of
rotator cuff musculature
(infraspinatus,

22. Assisted reach backs.
23. Rotator cuff
Theraband exercises

subscapularis, teres
major/minor).
23. Periscapular technique.
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4. Outcome measures:

4.1. FlightScope analysis:
Golf performance measures were analyzed at baseline and post-intervention using FlightScope analysis (X2,
FlightScope, City, USA) as used in previous investigations to measure the power control of the golf shot by
different golfers (An, Wulf, & Kim, 2013; Sohn & Choi, 2013). Data collection was performed at a
commercial driving range using the FlightScope and operation of the machine undertaken by golf swing coaches
employed at the range. There were no warm-up exercises administered during the pre and post-intervention.
Participants were permitted practice swings without ball striking. Participants used their own personal 5-iron
and driver during all testing. Participants used the same clubs pre-intervention and post-intervention during data
collection. Weather conditions were not recorded during data collection for pre and post-intervention data
collection.

The variables assessed were carry distance, total distance, CHS, ball speed, SMASH factor, flight time, and
launch angle of the ball. Ball spin was also assessed although not incorporated in the data analysis of this study.
SMASH factor was calculated as ball speed divided by CHS and defines the effort used by the player for each
swing. Outliers of SMASH factor can determine the over/under use of effort during the golf swing at data
collection. Carry distance was defined by the point at which the ball first hit the ground, and total distance
incorporates the roll of the ball. The variables for consideration of improved golfing performance were carry
distance, total distance and CHS. The data analysis of the pre and post-intervention readings is explained in
methods, 6. Data analysis, performance measures (page 63).

4.2. SFMA:
The SFMA (Cook & Kiesel, 2004) screen was used in order to identify components of functional movements
regarding the general posture, ROM, muscle performance, motor control and balance reactions of each
participant (Cook & Kiesel, 2004). The SFMA screen observes movements regarding the cervical spine, upper
extremity, multisegmental movements, single leg stance and overhead squat. Functional movement is regarded
as the movement with no difficulty in the ROM of the test and furthermore with no pain (Cook & Kiesel, 2004).
When participants were unable to complete a movement due to the inability of the ROM and function or due to
pain the movement was regarded as dysfunctional. The researcher aimed to assess golfers in order to find
dysfunctional movements through SFMA and guide the golfers over 8 weeks from a ‘dysfunctional’
classification to a ‘functional’ classification using the SFMA as an outcome measure to monitor the
effectiveness of the intervention process. The researcher possesses 2 years of experience with the SFMA
screen from clinical experience. The study by Glaws et al., (2014) showed higher validity in the practitioners
who had over 100 hours experience with the screen.
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5. Procedures:
Subjects who met the inclusion criteria outlined above were enrolled in the study once providing informed
consent. The timeline of intervention and outcome measures are shown in Figure 3 (page 51). A baseline
measure of current golfing performance occurred using FlightScope analysis. A needs analysis of the
participant was determined at week 1 through conducting an osteopathic case history, osteopathic examination
and the SFMA screen for the identification of any injuries and dysfunctional movements that may be causing
issues with the golfer’s performance. The needs analysis provided orientation for the osteopathic care of the
participant through osteopathic manual therapy techniques. Each participant received 6 osteopathic treatments,
the first 3 were predominately osteopathic passive therapy primarily and the following 3 involved the combined
active/passive therapy approach known as neuromuscular re-abilitation (Lederman, 2010) of osteopathic care
associated with active exercises. The SFMA screening was assessed at each consultation in order to monitor
the progression of participant's functionality. Exercises designed for the participants were given at weeks 2 and
4, each having its own designed purpose. At the end of the study, participant will undergo FlightScope analysis
again in order to assess the effect of the study.

6. Data analysis:
Performance measures:
The FlightScope measurements were analyzed using statistical analysis of the means for the variables
investigated regarding carry distance, total distance, CHS, ball speed, SMASH factor, flight time, and launch
angle of the ball. Means for each variable were calculated and a standard deviation was produced of the
baseline statistics for driver and 5-iron. Once the standard deviation was produced the Cohen’s d (‘effect size')
was calculated using the post-intervention mean, baseline mean and standard deviation in order to determine an
effect size (Cohen, 1992). The effect size was determined using a method of identifying whether the effect was
‘trivial’, ‘small’, ‘moderate’, ‘large’ or ‘very large’ (Hopkins, 2002). A significant change was defined by
‘large’ or ‘very large’ effect sizes (Cohen’s d) that are greater than the pre-intervention SD for CHS and
carry/total DD. A decrease in SD between pre-intervention measures and post-intervention measures represents
an improvement in golfing performance due to greater consistency being produced during the swing..
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Clinical monitoring of interventions effects:
SFMA was analyzed through a time lapse progression of intra-rater scoring for each participant. The statistics
for each participants SFMA scores were registered in a table scheme to show the functional progression of each
participant throughout the study in order to display the effectiveness of the manual therapy intervention. The
functional progression of participants was summarized in Figure 4. Each region of the SFMA (cervical spine,
upper extremity, multisegmental, single leg balance and overhead squat) represents the value of 1 in the figure
below making a total of 5 for each week being assessed. Optimal progression over the 6 weeks will show
values beginning in the red or orange columns at week 1 and then steadily progressing to increasing numbers in
the green column over the six weeks.

Figure 4 SFMA region findings over time template
Week

Dysfunctional
movement with
pain

1

5

Functional
movement with
pain

Dysfunctional
movement with
no pain

Functional
movement with
no pain

Total

5

2

5

3

5

4

5

5

5

6

5
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CHAPTER 3: CASE PRESENTATIONS

This chapter reports four case studies:

Case 1: A 55-year old male seeking golf performance improvements…………..……………. Page
66

Case 2: A 45-year old male presenting with elbow pain. …………………….………………. Page
77

Case 3: A 53-year old male presenting with bilateral degenerative knee and shoulder
osteoarthrosis…………………………………………………………………………………... Page
91

Case 4: A 54-year old male presenting with structural scoliosis and lower back pain….….... Page
104
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Case 1 Presentation:

Participant A (PA), a 55-year-old male (weight = 84kg, height = 1.78m), who worked part-time as a domestic
and international cricket umpire was recruited, provided informed written consent to participate, and was
enrolled in the study. In a typical week, PA was playing 18 holes of golf in one session per week with a
handicap of 13. PA enrolled in the study with no presenting complaint but sought improvement of his golf
swing through therapeutic means of improving any dysfunctional movements. PA reported no presenting
complaint but had a history of one episode of lower back pain 30 years ago. This occurred during a game of
golf whereby the lower back “locked up and felt restricted with rotation”. This resolved 4 days following the
onset of injury with no reoccurrence to date. PA reported no motor vehicle accidents, operations or chronic
medical conditions. At 23 years of age, PA attained a fracture to a carpal bone in his right hand while playing
rugby. This was reported to be fully recovered and had no implications on his grip strength or golf swing. PA
rated their general health as 6.5/10 with no history of smoking. PA reported feeling “fit and healthy” with no
perceived restriction of the hips, spine or shoulders, and no impairment of his golf swing. On systems review,
there were no issues identified with screening questions related to respiratory, cardiovascular, gastrointestinal
and/or neurological systems. Systems screening questions for ‘red flags’ (Appendix 6) and a pre-exercise
health screening protocol (McEwen, 2016), were both negative.

Observing static posture and active movements:

On observation of PA, there was an apparent curvature throughout the spine in the frontal plane with the
primary curvature extended from T7-L1 with concavity apparent on the left. The secondary curvatures
extended from T3-T7 and L1-L3 with concavity on the right and the thoracic spine had an increased kyphosis.
Gross rotation of the thorax was visually estimated as 30 degrees right and 45 degrees left. Extension of the
thoracic spine appeared restricted below T5 and forward flexion was limited with the reach only being half the
length of the tibia towards the toes. Observation of PA’s breathing was suggestive of a pattern involving
dominant upper-rib breathing mechanics. The posture of the shoulders showed that the shoulders bilaterally
were anterior, inferior and internally rotated with the left scapula more laterally deviated than the right and with
the right appearing with greater internal rotation compared to the left.
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Selective Functional Movement Assessment:
Following observation, a SFMA was undertaken in order to identify primary and secondary regions that were
requiring further examination (see Table 7). The weekly progression of the following issues is displayed in
Table 11 and 12.

Table 7: SFMA interpretations PA
Region examined

Interpretation

Cervical Spine

The cervical spine showed that there was limited extension with a restriction
bilaterally to the movement of rotation with flexion at end of range to bring the
chin to the clavicle.

Upper extremity

Upper extremity testing showed that there were no shoulder impingement signs
concerning PA and that the left shoulder was restricted with external rotation
and the right was restricted with internal rotation. When testing the right
shoulder over and left shoulder under PA was able to touch fingers together.

Multi-segmental testing

Multi-segmental testing showed that there were no restrictions with extension
and rotation to the right was also normal. Flexion showed a restriction with
the movement being generated from the thoracic spine to be moving in blocks
from T1-6 and T6-10 (T1, T6, and T10 were major hinging points of the
movement) with limited movement through the lumbar spine and tight
hamstrings displayed. Rotation left was restricted to 30 degrees and appeared
to be the result of tight junction concerning the right-hand side of the pelvis
involving the quadratus lumborum and gluteal muscles as being primary
restrictors.

Single leg balance

PA displayed zero ability to balance with the single leg stance on both sides.

Overhead squat

On squatting there was pain perceived around the level of T6-7 during the
squat and there was a lack of extension throughout the spine during the
movement with flexion being the main movement through the spine.

Osteopathic Physical Examination:
The right ankle and right hip appeared restricted with motion during the testing of the deep squat biomechanics.
On passive motion testing, the right ankle mobility was reduced compared to the left and appeared to be held
into plantarflexion and was associated with decreased dorsiflexion compared to the left ankle. The right hip
showed reduced internal rotation with an anteriorised right innominate as indicated by surface anatomy findings
of an elevated right anterior superior iliac spine, an inferior posterior superior iliac spine, and the left iliac crest
was also elevated. Seated passive rotation of the thorax to the left was restricted due to apparent myofascial
binding around the right lower back region and right gluteal region. Mobility testing detected PA’s latissimus
dorsi or pectoralis major length bilaterally was reduced which may have been contributing to the poor posture
observed. The lumbar spine displayed restriction of both flexion and extension movements whilst being
examined in side lying and appeared to be held in side bending right and rotation right around the centre of the
lumbar spine (approximately at the level of L3). Segmental palpatory findings of the thoracic spine gave the
impression of a group dysfunction (Greenman, 2003; Parsons & Marcer, 2006) between T5 and T10 and there
was a side shift to the right of the vertebral column with the apex of the curve being around T10.
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Clinical Reasoning:
Based on physical observation and SFMA findings it was apparent that several of the key joints involved in the
golf swing i.e. the ankle, hip and shoulder (Sell, Tsai, Smoliga, Myers, & Lephart, 2007) on the right side of
PA, were associated with movement restrictions. The rounded shoulder appearance was reasoned to be
associated with the posture maintained during cricket umpiring with both hands held pronated on the thighs
during extended sessions of play, restricting overall shoulder mobility. PA showed a limited ROM with the
right ankle, right hip, right sacroiliac joint (restricting rotation left of the thorax) and right shoulder. With
marked restrictions to rotation PA would be compromised in his ability to obtain the full ROM during the golf
swing in order to generate sufficient CHSs for long irons and driving and therefore less total distance.
Therefore, the focus for improving golfing performance should be directed at improving the ROM of the right
ankle, right hip and right sacroiliac joint (SIJ) as well as improving rotation left of the thorax and improving
bilateral shoulder mobility.

Working Hypothesis:
PA has multi-regional right-sided joint dysfunction involving right ankle, hip, lumbar spine and shoulder due to
muscular hypertonicity affecting joint regions and associated movements specific to the golf swing.

Primary osteopathic objective for improving PAs golf swing:


Right shoulder restricted with external rotation, extension, and adduction.



Right ankle and hip require a greater ROM.



Gross rotation left of the thorax needs improvement (initially 30 degrees).



Thoracic spine needs greater extension in T6-10.



Bilateral pelvis needs greater stability with improved Gluteal strength for improvement of balance.



Greater stability required of the lower extremity in order to improve overall balance .



Right lumbar spine dysfunctional due to rotation left and side bending right of the L3 vertebrae.



Greater extension of the thoracic/lumbar spine, ankle dorsiflexion and hip flexion is required in order
to improve the overhead squat.
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Intervention Program:
The osteopathic techniques used included articulation, cross-fibre soft tissue, the active release of tissue therapy,
muscle energy technique, strain and counterstrain, harmonics and BLT. Corrective exercise therapy is
introduced to the intervention program at weeks 3-6. Review methods, section 3 for a detailed example for the
development of the intervention program. Table 8 is an itemised overview of the tailored intervention program
that was administered for the improvement of the golfing performance (see the further detailed material in
Appendix 5).

Table 8: PA intervention program for 6 sessions.
Primary objective:

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Right shoulder restricted with external rotation,
extension, and adduction.

MET,
ART

MOB,
ART,
HBE

MOB,
BLT,
CET

MOB,
CET

MOB,
MET,
ART,
CET

MOB,
MET,
ART,
CET

Right ankle and hip require a greater ROM.

MOB,
HAR

MOB

MOB,
MET,
BLT,
CET

MOB,
CET

MOB,
MET,
HAR,
MFR,
ART,
CET

MOB,
ART,
CET

Gross rotation left of the thorax needs
improvement (initially 30 degrees).

MET

MET,
INH,
HBE

MOB,
CET

CET

CET

CET

Thoracic spine needs greater extension in T610.

MET

MOB,
MET,
MNIP,
HBE

MOB,
CET

CET

MOB,
CET

MOB,
CET,
HBE

Bilateral pelvis needs greater stability with
improved Gluteal strength for improvement of
balance.

INH

MOB,
MET

MOB,
MOB,
MNIP,
CET

MOB,
MOB,
CET

MOB,
MOB,
HAR,
CET

MOB,
ART,
CET,
HBE

MOB,
MET

MOB,
HBE,
CET

CET

CET

CET,
HBE

Greater stability required of the lower extremity
in order to improve overall balance.

Right lumbar spine dysfunctional due to
rotation left and side bending right of the L3
vertebrae.

MOB,
MNIP

MOB

MOB,
HBE,
CET

CET

MOB,
MET,
CET

MOB,
HAR,
MFR,
ART,
CET

Greater extension of the thoracic/lumbar spine,
ankle dorsiflexion and hip flexion is required in
order to improve the overhead squat.

MET

MOB,
MET,
ART

MOB,
HBE,
CET

MOB,
CET

MOB,
CET

CET,
HBE

Abbreviations: MOB = Mobilisation, MET = Direct/indirect muscle energy technique, BLT = Balanced
ligamentous tension, S/CS = Strain/counterstrain, HAR = Harmonics, MFR = Myofascial release, INH =
Inhibition, FNCT = Functional, ART = Active release of tissues, HBE = Home-based exercises, CET =
Corrective exercise therapy.
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Changes in golf swing performance:

Table 9 shows the differences in golf performance for 5-iron strokes between baseline and post-intervention as
measured by FlightScope. The SMASH factor showed a ‘moderate’ negative effect size which showed less
effort was used post intervention. The CHS post-intervention showed a ‘very large’ effect size with
improvements of 2.3 mph which were greater than baseline SD showing meaningful positive change. The total
distance showed a ‘large’ effect size with improvements (+15.4 m) although these are within the baseline SD
and therefore no meaningful change was observed. There was no significant changes with carry distance, ball
speed, flight time and launch angle.

Table 9: Differences in PA golf performance for 5-iron between baseline and post-intervention.
Effect Size

Baseline (SD)

Post-intervention
(SD)

(Cohen’s d)

Effect size
interpretation

127 (14.1)

127.5 (22.4)

0.04

‘trivial’

141 (26.2)

156.4 (19.97)

1.2

‘large’

84.4 (0.7)

86.7 (2.3)

3.52

‘very large’

107.7 (6.4)

105.8 (8.6)

-0.3

‘small’

SMASH factor

1.3 (0.1)

1.2 (0.1)

-0.8

‘moderate’

Flight
(s)

4.7 (0.6)

4.9 (1.04)

0.4

‘small’

Launch angle
(degree)

13.4 (1.6)

13.3 (1.36)

-0.1

‘trivial’

5 Iron
Carry distance (m)

Total distance
(m)

CHS (mph)

Ball speed
(mph)
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Table 10 shows the differences in golf performance for Driver strokes between baseline and post-intervention.
The SMASH factor showed a ‘moderate’ effect size although the baseline SD is 0, and the values are within
0.03 of each other no placebo effect is observed. The CHS and carry distance showed a ‘moderate’ effect size
post-intervention although is within the baseline SD showing no meaningful change. The ball speed showed
post-intervention ‘large’ positive effect size (+6.4 mph) which were larger than baseline SD (3.6 mph) showing
meaningful change. The total distance showed ‘very large’ positive (28.1 m) effect size post-intervention which
was greater than baseline SD (13.4 m) showing significant meaningful change.

Table 10: Differences in PA golf performance for Driver between baseline and post-intervention.
Driver

Baseline (SD)

Post-intervention (SD)

Effect size
(Cohen’s ‘d’)

Effect size
interpretation

Carry distance (m)

166.8 (8.3)

173 (14.71)

0.8

‘moderate’

Total distance (m)

178.5 (13.4)

206.6 (30.9)

2.1

‘very large’

CHS (mph)

95.3 (2.8)

97.4 (4.03)

0.76

‘moderate’

Ball speed
(mph)

128.6 (3.6)

135 (6.9)

1.79

‘large’

SMASH factor

1.35 (0)

1.38(0.07)

1.14

‘moderate’

Flight
(s)

5.6 (0.2)

5.3 (0.61)

-1.5

‘large’

Launch angle
(degree)

10 (2.7)

9.2 (3.25)

-0.3

‘small’

SFMA findings:
Table 11 below shows the functional progression of PA over the 6 interventions. SFMA examinations were
done each week and the results were constructed into Table 11. There are five regions that the SFMA examines
(cervical spine, upper extremity, multi-segmental region, single leg balance and overhead squat).
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Table 11: The results of PA weekly SFMA tests prior to osteopathic intervention.
Region

Pattern

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Cervical spine

Chin to chest

FN

FN

FN

FN

FN

FN

Face to ceiling

DN

DN

FN

FN

FN

FN

Chin to L clavicle

DN

FN

FN

FN

FN

FN

Chin to R clavicle

DN

FN

FN

FN

FN

FN

L shoulder ‘over’

DN (T4)

FN (T6)

FN (T5)

FN (T5)

FN (T5)

FN (T6)

R shoulder ‘under’

DN (T8)

DN (T8)

DN (T9)

DN (T8)

DN (T7)

FN (T7)

L shoulder ‘under’

FN (T7)

FN (T7)

FN (T5)

FN (T7)

FN (T7)

FN (T7)

R shoulder ‘over’

FN (T7)

FN (T7)

FN (T5)

FN (T7)

FN (T7)

FN (T7)

Impinge ‘up’ L

-ve

-ve

-ve

-ve

-ve

-ve

Impinge ‘up’ R

-ve

-ve

-ve

-ve

-ve

-ve

Impinge ‘across’ L

-ve

-ve

-ve

-ve

-ve

-ve

Impinge ‘across’ R

-ve

-ve

-ve

-ve

-ve

-ve

Multiseg flexion

DN

DP

FN

FN

DN

FN

Multiseg extension

FN

FN

FN

FN

FN

FN

Multiseg rotation R

DN

FN

DN

FN

FN

FN

Multiseg rotation L

FN

FN

FN

FN

FN

FN

SL stance EO L

DN

DN

DN

FN

FN

FN

SL stance EO R

DN

DN

DN

FN

FN

FN

SL stance EC L

DN

DN

DN

DN

DN

DN

SL stance EC R

DN

DN

DN

DN

DN

DN

Over head Squat

DP

FN

FN

FN

FN

FN

Final score

12

7

6

3

4

2

Total

21

21

21

21

21

21

Upper extremity

Multi-segmental
region (thoracic
and lumbar spine
rotation, extension
and flexion)

SL stance

Lower extremity

Abbreviations: DN dysfunctional movement with no pain, DP dysfunctional movement with pain, EC eyes
closed, EO eyes open, FN functional movement with no pain, FP functional movement with pain, L left, R
right, SL single leg stance
Colours: Green is functional movement with no pain, Orange is dysfunctional movement with no pain and Red
is dysfunctional/functional movement with pain.

75

Changes in SFMA findings over time:
The functional progression of PAs during the osteopathic intervention period is displayed below in Table 12.
The table shows the classification of each region being examined during the SFMA screen. The SFMA was
used as a primary measure of the effectiveness of osteopathic treatment. The objective of the intervention was
to take participants through a personally tailored osteopathic intervention management plan and move players
from the ‘red’ or ‘orange’ columns over time by correcting any dysfunctional movement patterns with
osteopathic treatment thereby guiding them towards the green column. The goal was to have more numbers in
the green column by the end of the intervention process.

Table 12: PA SFMA region findings over time.
Week

Dysfunctional
movement with
pain

Functional
movement with
pain

Dysfunctional
movement with
no pain

Functional
movement with
no pain

Total

1

1

0

4

0

5

2

1

0

3

1

5

3

0

0

3

2

5

4

0

0

1

4

5

5

0

0

2

3

5

6

0

0

0

5

5

PA showed good functional progression over the course of the osteopathic intervention, these are shown in
Table 11 and 12 above. The greatest changes were seen following the end of the osteopathic intervention phase.
Changes were maintained with the incorporation of the corrective exercise therapy using osteopathic
intervention and low risk body weight exercises to improve functional movement. Due to postural adaptations
being the main focus of the intervention programme, functional changes were observed every week due to no
dysfunctional movements being predisposed by previous or ongoing injuries. By the end of the intervention
program PA showed no dysfunctional or painful movements during SFMA testing.
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Discussion Case One:

Main findings:

PA presented with the need of improving dysfunctional movements identified by movement screening. The
primary focus of treatment was to improve the movement of the right ankle, right hip, right SIJ, lumbar spine
rotation, thoracic spine extension and right shoulder ROM for the purpose of improving the velocity of the
golfer's swing and distance. The primary functional measures that needed improvement were overhead squat
and single leg balance which would help PA achieve the improvements with generation of CHS and DD. In
terms of SFMA findings, the treatment program was successful with improvements seen in hip flexibility, squat
biomechanics, balance improvements, torso flexibility and shoulder flexibility. In terms of FlightScope
measures, the total distance of the 5-iron stroke showed a ‘large' effect size with an improvement postintervention and a ‘very large' meaningful effect size for the improvement of total DD of the driver postintervention. A ‘very large’ meaningful effect size was seen for the CHS (5-iron) and ‘large’ meaningful effect
size ball speed (driver) post-intervention.

It has been noted that greater shoulder, hip, and torso flexibility has been linked to improving the CHS and DD
of golfers (Sell et al., 2007) therefore it was important in this study that greater control of the squat, balance and
improved ROM through the hips and shoulders were achieved to enable greater ROM of the torso during the
golf swing. Through improving motor control of the lower extremity it has been shown that the flexibility of
the torso and upper extremity generates greater control and ROM during the golf swing, producing larger CHSs
and DD (Fletcher & Hartwell, 2004; Gulgin, Armstrong, & Gribble, 2009; Lephart, Smoliga, Myers, Sell, &
Tsai, 2007). This was replicated in this study whereby ‘PA' showed greater improvements regarding balance
and lower extremity motor control regarding the squat over time which lead to the greater ROMs to be obtained
through the upper extremity regarding the spine and consequently, greater CHSs and total DD.
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Consideration of effectiveness of clinical approach to improving golf performance:

Through improving these specific characteristics for PA, improvements were seen in CHS and DD strokes postintervention. This shows that the intervention process of incorporating osteopathic intervention with corrective
exercise within a clinical setting can potentially influence the improvement of golf performance measures
regarding CHS and DD. This case demonstrates that improvement in golf performance can be obtained
following treatment to address the lower extremity stability coupled with upper extremity flexibility (especially
rotation of torso and shoulders). PA may potentially progress further regarding golfing performance by
focusing on improving muscular power and strength, particularly pectoral strength, grip strength and ‘wood
chop’ strength of individuals, as these have been shown to be variables which contribute further to improving
CHS and DD (Fletcher & Hartwell, 2004; Lephart et al., 2007).

Limitations:

A potential limitation of all clinical work is that clinical error may occur due to poorly formulated clinical
reasoning and working hypothesis generation based on case history information, SFMA, and osteopathic
examination. Due to the case history and examination process being well defined and established through the
methods of the study this limitation was avoided in regards to PA. In regards to the timing of the intervention
process, there were no limitations as PA attended 6 interventions, one per week, over the time period of the
study. A limitation of this case was that PA showed improvements over 6 weeks through the clinical process
above and may have potentially benefited further from continued osteopathic management or further sessions.

Conclusion:

In summary, this case demonstrated the effect an osteopathic management program may have on golfers who
have no injury. The case demonstrates that by identifying and correcting dysfunctional movements changes can
be made to a golfer’s performance. With the improvement of dysfunctional movements, the ROM of the upper
extremity and stability/control of the lower extremity allowed for improvements to be observed in CHS and DD
in this case.
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Case 2 presentation:

Participant B (PB), a 45 year old male (weight 85kg, height 1.76m) was recruited, provided informed written
consent to participate and was enrolled in the study. PB was working 40 hours a week as a sales manager,
plays 18 holes of golf once a week with a handicap of 14.7, and maintains activity levels with 2-3 gym sessions
a week including two boxing sessions for cardiovascular health. PB presented with a history of
musculoskeletal complaints that were impacting on his golf swing. The primary complaint was acute righthand side lateral epicondylitis which flares up during the final nine holes of a golf round. The lateral
epicondylitis creates no issues with grip strength but generates a dull achy constant pain (3/10) which began 2 ½
weeks prior to the consultation. The secondary complaint was a right shoulder injury which occurred 20 years
ago with a tear in the anterolateral labrum of the shoulder capsule and supraspinatus tendon. Ten years ago
surgery was undertaken on the labrum and supraspinatus tendon however the shoulder still feels tight and
clicking also occurs as a result. The right shoulder can be painful (3 to 6 on 10 point scale) depending on the
loads placed on the shoulder, such as boxing and weight lifting (chest and shoulders). PB had a history of
various injuries which were also restricting PB's golf swing. The first was concerning a right sided prolapsed
disc of C5/6 which was restricting neck and shoulder movement of the right-hand side. The prolapsed disc had
been operated on through a foraminotomy 3 years ago. Thirty years early PB had dislocated the left patella; 20
years ago an arthroscopy was performed on the left knee. Fifteen years early PB reported undergoing a
procedure to shorten the left and right quadriceps tendons. PB commented on his general health being at 90%
and felt that he was fairly active.

PB is on the following medications for other health related issues; lisinopril, aspirin, anti-histamines,
simvastatin and beta-loc. There is a family history of cardiovascular disease, with PB’s father having stents
placed for cardiac issues and his grandfather having passed away from a cardiac arrest at age 65. PB did not
present with any cardiovascular signs or symptoms and PB had no issues with shortness of breath with/without
exertion and reported no episodes of chest pain with exercise. Five years earlier PB suffered a heart attack and
received a stent as a result. At the time of presentation, PB’s blood pressure was 110/70 and has a resting heart
rate of 52 beats per minute. PB experiences ongoing sinus problems. There were no abnormalities complained
of in PB’s respiratory, neurological, endocrine and gastrointestinal systems. PB was undertaking 6-8 hours of
sleep per night and there were no signs of any psychological issues being present. Due to a previous history of
cardiac issues a pre-exercise health screen (McEwen, 2016) was administered in order to evaluate the eligibility
to participate. PB cleared the pre-exercise screen with the only concern being raised was PB’s report of neck
pain. Review of pre-exercise health screen and systems screening questions for ‘red flags’ can be found in
Appendix (8). The neck pain was self-reported by PB to occur at the site of the prolapsed cervical disc, with
neck pain always being right sided (C5/6) with no other radiations to chest or jaw and was a sharp nature (not
the constricting, squeezing, burning or heaviness nature of concern).
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Observing static posture and active movements:
On observation PB there was evidence of scarring over the anterior superior aspect of the left knee, the right
side of the neck over C5/6 and over the anterolateral aspect of the right shoulder. PB’s right shoulder was
elevated compared to the left with a side bending curve to the left through the thoracic spine with the apex at T6.
The right shoulder appeared to be held in greater internal rotation. PB presented with forward head posture and
an increased thoracic kyphosis between T3-7. The left leg appeared to be longer and the weight bearing side
during the stance. On stance, it was observed that PB had bilateral pes cavus with excessive eversion at the
ankles. Multisegmental extension appeared to be restricted through the thoracic spine below T5 and there was
reduced movement when rotating left compared to right torso rotation. Active ranges of the right shoulder were
45 degrees of internal rotation, 70 degrees of external rotation, 150 degrees of abduction, 50 degrees of
extension, and full ranges of motion for flexion and adduction. It was observed that PB employed an upper rib
breathing pattern.

Selective Functional Movement Assessment (SFMA):
Following observation, a Selective Functional Movement Assessment (SFMA) was undertaken in order to
identify primary and secondary regions that were requiring further examination, see Table 13. The weekly
progression of these findings is shown in Table 17 and 18.

Table 13: SFMA findings initial consult for PB
Region examined

Interpretation

Cervical Spine

PB showed restriction with all cervical movements and positive pain
production over C5/6 on the right during the movements, there were no
neurological radiations into upper extremity upon further testing.

Upper extremity

Shoulder ROM bilaterally was restricted with bilateral winging scapula during
the movements. During Yocum’s testing of the right shoulder, impingement
was positive for sub-acromial impingement of supraspinatus tendon.

Multisegmental testing

Forward flexion was restricted due to severe hamstring tension and poor
flexion through the lumbar spine. Rotation left of the spine was restricted by
15 degrees compared to the right and appeared to be restricted to the right
lower back/gluteal region.

Single leg balance

There were no issues with balance unless the eyes were closed.

Overhead squat

The squat showed restriction through the ankle and hips with the instability of
the knees shown by repetitive valgus/varus strain during the movement
occurring through the knees, with complete loss of spinal curves.
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Osteopathic physical examination:

Special tests performed on PB right elbow and wrist (Finklestein’s and reverse Phalen’s) were positive for
aggravating PB lateral epicondyle symptoms. Active resistance muscle testing of the right pronator teres,
extensor digitorum superficialis, and extensor carpi ulnaris muscles were positive for reproducing familiar pain
of the lateral epicondylitis. Right shoulder provocative tests were negative, passive examination showed that
the primary limitation of ROM was internal rotation which was around 45 degrees followed by extension.
There was a noticeable weakness on the right shoulder movements compared to the left with abduction, internal
rotation and external rotation of the shoulder when performing active resistance testing to these shoulder
movements. There was no abnormality detected with the ROM of the right elbow or wrist however muscle
tension was apparent over the right posterior compartment of the forearm compared to the left. The right elbow
was restricted with supination due to the over pronation of the right arm.

The lumbar spine was restricted with rotation movements to the left and side bending to the right with rotation
occurring around L1-2 primarily and side bending occurring over L1. The left leg was longer than the right
(measured in the supine position with a tape) by 12mm with the left innominate being held into anteriorisation,
the left ASIS was inferior, left PSIS superior and left crest was superior. Upon testing the sacroiliac joints
bilaterally the trochanteric roll and provocation tests were positive on the left SIJ with tenderness being
displayed on palpation of the left tensor fascia latae and iliopsoas tendon. The left Gluteal muscles displayed
weakness as well upon active resistance muscle testing. Bilaterally PBs latissimus dorsi was shortened with
limitations to the extension through the thoracic spine being expressed as well, Kemp’s testing was negative
throughout the spine with the spinal movement of the thoracic spine and lumbar spine proving nothing abnormal
detected. The ankles bilaterally were severely held in plantarflexion and eversion during the supine position on
the table. Further inspection of PB’s pes cavus it was found that the gastrocnemius muscle bilaterally was
hypertonic with a latent trigger point being found bilaterally just superiorly to the tendon of the muscle which
was referring to the ankle and knee. The plantar fascia bilaterally was also very sensitive to the touch. Upon
articulation bilaterally it was found that subtalar, talocrural and talonavicular articulations were very strict and
immobile.
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Clinical Reasoning:

PB appears to be overusing the right wrist and elbow movements in order to adjust for the right shoulder ROM
due to previous surgery for the anterolateral labrum and supraspinatus tendon. The lateral epicondylitis
potentially resulted due to overuse (boxing 2/7, weights 2-3/7 and 18 holes of golf 1/7) of the posterior
compartment of the right forearm adding stress to the right lateral epicondyle. The right elbow was restricted
with the radius feeling rigid in its articulation with the humerus and ulnar, the movements of supination were
restricted and the forearm was being held in pronation which was contributing to the aggravation of the right
side lateral epicondylitis of PB. PBs surgical history regarding the right shoulders supraspinatus tendon repair,
C5/6 and also the bilateral shortening of quadriceps tendon has resulted in a reduction of movement regarding
the right shoulder/upper extremity and also bilaterally of the knees (flexion) and hips (extension). The result of
surgery over primary areas involved with the golf swing biomechanics has lead to movement restriction being
translated into swing restrictions. The knee instability may be contributing to reduced stability during the
stance of the golf swing, which was evident observing the squat movement during SFMA. The hips are
restricted with extension and overall alignment of the pelvis is reduced with SIJ irritation occurring on the lefthand side. The Pes cavus of PB is also affecting the movements of the lower extremity by reducing the ability
of the ankles to maintain mobility during the squat. The hips, knees and ankles bilaterally require greater
movement as well as the stability of the knees in order for PB to improve functionally with the squat which will
provide PB with greater ability to balance during the stance of the golf swing and improve upper body ROM
through the golf swing.

Working hypothesis:

The primary working hypothesis for PB is right-hand side lateral epicondylitis predisposed by overuse due to
excessive pronation and extension of the right forearm/wrist. The lateral epicondylitis is maintained by
continued overuse and participation in weight lifting (2-3/7), boxing (2/7) and 18 holes of golf (1/7) of PB
Associated contributions to the patient’s restriction in functional movements impairing his golf swing are:


Post-surgical myofascial contractures of the right shoulder and the right side of the cervical spine
which was restricting the shoulders ROM during the draw phase of the golf swing preventing the back
swings ROM.



Right shoulder sub-acromial impingement due to supraspinatus tendon thickening restricting the draw
phase of the golf wing with limited right shoulder ROM the pinnacle of the draw phase may be
restricted from the full ROM.
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Poor lower to upper body disassociation due to the inability of the knees and glutes to stabilize PB
during the stance prior to the golf swing. This was maintained by the post-surgical contractures of the
quadriceps tendons resulting in poor knee stabilization generating restricted ROM and stability of the
lower extremity. The impairment results in the restriction of the torso flexibility during the full swing
due to the restriction of the lower extremity (Fletcher & Hartwell, 2004; Gulgin, Armstrong, & Gribble,
2009; Lephart, Smoliga, Myers, Sell, & Tsai, 2007).

Primary osteopathic objective for improving PBs golf swing:


PB requires greater movement of the cervical spine, primarily with flexion and then side
bending/rotation and alleviating/reducing myofascial contractures.



PB requires the alleviation of the symptoms associated with the lateral epicondylitis of the right elbow
and adaptations that are present due to the conditions effect on the right arm.



Greater alignment of the surface anatomy (ASIS, PSIS, and crest heights) and balance throughout the
pelvis, alleviating the left SIJ dysfunction is required in order to improve lower-upper body
disassociation.



PB requires a greater ROM for the right shoulder in order to improve movement during the draw phase
of the golf swing (internal rotation, abduction, and extension primarily).



PB requires the reduction of myofascial contracture around the right shoulder and right cervical spine
in order to improve ROM during the draw phase of the golf swing.



Improved ROM is required with the hips, ankles, thoracic spine and lumbar spine in order to improve
squat ROM in order to further develop the stability of the lower extremity.



PB requires greater quadriceps length/strength bilaterally due to surgical shortening of quadriceps
tendon and associated myofascial contractures in order to improve the stability of the knees and ROM
of the hips.



Greater bilateral ankle mobility regarding dorsiflexion with gastrocnemius hypertension being reduced
bilaterally in order to further improve the depth of PBs squat.

Intervention Program:
The osteopathic techniques used included articulation, cross-fibre soft tissue, the active release of tissue therapy,
muscle energy technique, strain and counterstrain, harmonics and BLT. Corrective exercise therapy is
introduced to the intervention program at weeks 3-6. Review methods section 3 for a detailed example for the
development of the intervention program. Table 14 is an itemised overview of the osteopathic treatment
program that was administered for the improvement of the golfing performance (see the further detailed material
in Appendix 7).
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Table 14: PB intervention program over 6 sessions.
Working hypothesis and primary objectives:

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Alleviation of lateral epicondylitis of the right
elbow.

MOB,
MET,
MFR

BLT,
MOB,
ART,
MFR

HBE

HBE

HBE

HBE

MOB,
MFR

CET

CET

MOB,
CET

CET

Greater bilateral ankle mobility regarding
dorsiflexion with gastrocnemius hypertension
being reduced bilaterally.
Greater movement of the cervical spine,
primarily with flexion and then side
bending/rotation.

MFR

Greater ROM of the hips and balance
throughout the pelvis, alleviating the left SIJ
dysfunction.

INH

MOB,
INH,
MFR

HAR,
MET,
INH,
ART

MET,
BLT,
MOB,
CET

MET,
MFR,
INH,
CET

MOB,
MET,
ART,
MFR,

MET,
HAR,
MFR,
ART,
CET

Improvement in right shoulder ROM (internal
rotation, abduction, and extension primarily).

MOB,
MFR,
ART

INH,
ART,
HAR

MOB,
INH,
CET

MOB,
INH,
ART,
CET

MET,
ART,
CET

MET,
ART,
CET

Relief of myofascial contracture around the
right shoulder and right cervical spine.

MFR

MOB,
MFR

MFR

MFR

HBE

HBE

Improve overall range of the lumbar and
thoracic spine.

MFR,
ART

HAR,
MFR,
INH,
MET

MOB,
MET,
MFR,

MOB,
MFR,
CET

MOB,
MET,
MFR,
HAR,
ART,
CET

MET,
MFR,
HAR,
CET

INH,
MET,
CET

ART,
CET

CET

CET

Greater quadriceps length/strength bilaterally
due to surgical shortening of the quadriceps
tendon.

MFR,
INH

HBE

MFR,
MET,
CET

Abbreviations: MOB = Mobilisation, MET = Direct/indirect muscle energy technique, BLT = Balanced
ligamentous tension, S/CS = Strain/counterstrain, HAR = Harmonics, MFR = Myofascial release, INH =
Inhibition, FNCT = Functional, ART = Active release of tissues, HBE = Home based exercises, CET =
Corrective exercise therapy.
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Changes in golf swing performance:

Table 15 shows the differences in golf performance for 5-iron strokes between baseline and post-intervention.
The SMASH factor showed a ‘large’ effect size which shows that PB was using greater amounts of effort at
post-intervention assessment which can potentially display a placebo effect. The total distance post intervention
showed a ‘large’ effect size with a decrease (10.7 m) showing a meaningful change. The CHS showed a ‘large’
effect size with a decrease (2.89 mph) which was greater than the baseline SD (1.86 mph) showing a meaningful
change. There was a ‘moderate’ effect size in the carry distance decreasing post-intervention however no
meaningful change was detected

Table 15: Differences in PB golf performance for 5-iron between baseline and post-intervention.
5 Iron

Carry distance

Baseline

Post-intervention

Cohen’s ‘d’ (‘effect

(SD)

(SD)

size’)

132 (5.14)

128.4 (7.74)

-0.7

‘moderate

141 (6.36)

130.3 (7.65)

-1.68

‘large’

86.9 (1.86)

84.01 (2.14)

-1.6

‘large’

107.2 (2.87)

108.4 (5.1)

0.43

‘small’

1.23 (0.04)

1.29 (0.07)

1.44

‘large’

5.1 (0.2)

5.2 (0.33)

0.49

‘small’

17.3 (1.15)

14.7 (1.56)

-2.26

‘very large’

Effect size interpretation

(m)
Total distance
(m)
CHS
(mph)
Ball speed
(mph)
SMASH factor

Flight
(s)
Launch angle
(degrees)
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Table 16 shows the differences between golf performance for driver strokes between baseline and postintervention. The SMASH factor showed no changes post-intervention which shows that equal amount of
effort was used during baseline and post-intervention assessment. A ‘moderate’ effect size was seen with total
distance (+9.9m) however due to being within the baseline SD there is no meaningful change. Carry distance,
flight time and the launch angle at post-intervention all showed ‘trivial’ effect sizes. The CHS and ball speed
showed ‘small’ effect sizes which were lower than baseline SD showing no meaningful change.

Table 16: Differences in PB golf performance for Driver between baseline and post-intervention.
Cohen’s ‘d’ (‘effect size’)

Effect size interpretation

177 (9.74)

0.02

‘trivial’

185.1 (15.07)

195 (13.92)

0.66

‘moderate’

CHS (mph)

94.6 (2.07)

95.19 (1.29)

0.48

‘small’

Ball speed

130.5 (4.83)

130.92 (2.99)

0.32

‘small’

SMASH factor

1.38 (0.02)

1.38 (0.04)

0

‘trivial’

Flight

5.5 (0.19)

5.5 (0.36)

0

‘trivial’

10.3 (1.19)

10.1 (2.07)

-0.17

‘trivial’

Driver

Carry distance

Baseline

Post-intervention

(SD)

(SD)

176.8 (9.35)

(m)
Total distance
(m)

(mph)

(s)
Launch angle
(degree)

SFMA findings:
Table 17 below shows the functional progression of PB over the 6 interventions. SFMA examinations were
done each week and the results were constructed into Table 17. There are five regions that the SFMA examines
(cervical spine, upper extremity, multi-segmental region, single leg balance and overhead squat).
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Table 17: The results of PB weekly SFMA tests prior to osteopathic intervention.
Region

Pattern

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Cervical spine

Chin to chest

DP

FN

FN

FN

FN

FN

Face to ceiling

DP

DN

DP

DP

FP

DN

Chin to L clavicle

DP

DP

DP

FN

FN

DP

Chin to R clavicle

DP

DP

FN

FN

FN

FN

L shoulder ‘over’

DN (T1)

DN (T1)

DN (T5)

DN (T4)

FN (T5)

FN (T4)

R shoulder ‘under’

DN (T7)

DN (T7)

DN (T10)

DN (T7)

FN (T7)

FN (T6)

L shoulder ‘under’

DN (T7)

DP (T7)

DN (T11)

DN (T9)

FN (T9)

FN (T7)

R shoulder ‘over’

DN (T1)

DN (T1)

DN (T4)

DN (T3)

DN (T5)

FN (T4)

Impinge ‘up’ L

-ve

-ve

-ve

-ve

-ve

-ve

Impinge ‘up’ R

+ve

-ve

-ve

-ve

-ve

-ve

Impinge ‘across’ L

-ve

-ve

-ve

-ve

-ve

-ve

Impinge ‘across’ R

-ve

-ve

-ve

-ve

-ve

-ve

Multisegmental
region (thoracic
and lumbar spine
rotation,
extension and
flexion)

Multiseg flexion

DN

DN

FN

DN

FN

FN

Multiseg extension

FN

FN

FN

FN

FN

FN

Multiseg rotation R

DN

FN

FN

FN

FN

FN

Multiseg rotation L

FN

FN

FN

FN

FN

FN

SL stance

SL stance EO L

FN

FN

FN

FN

FN

FN

SL stance EO R

FN

FN

FN

FN

FN

FN

SL stance EC L

FN

FN

FN

FN

FN

FN

SL stance EC R

FN

FN

FN

FN

FN

FN

Over head Squat

DN

DN

DP

DN

DN

DN

Final score

12

9

7

7

3

3

Total

21

21

21

21

21

21

Upper extremity

Lower extremity

Abbreviations: DN dysfunctional movement with no pain, DP dysfunctional movement with pain, EC eyes
closed, EO eyes open, FN functional movement with no pain, FP functional movement with pain, L left, R right,
SL single leg stance
Colours: Green is functional movement with no pain, Orange is dysfunctional movement with no pain and Red is
dysfunctional/functional movement with pain.
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Changes in SFMA findings over time:

The functional progression of PB during the osteopathic intervention period is displayed below in Table 18.
The table shows the classification of each region being examined during the SFMA screen which was used in
order to determine the effectiveness of osteopathic treatment. The objective of the intervention was to take PB
through a personally tailored osteopathic intervention management plan and progress from the ‘red’ or ‘orange’
columns over time towards the ‘green’. The goal was to have more numbers in the green column by the end of
the intervention process.

Table 18: PB SFMA region findings over time.
Week

Dysfunctional
movement with
pain

Functional
movement with
pain

Dysfunctional
movement with
no pain

Functional
movement with
no pain

Total

1

2

0

2

1

5

2

2

0

2

1

5

3

2

0

1

2

5

4

1

0

3

1

5

5

0

1

2

2

5

6

1

0

1

3

5

PB showed change in upper extremity and multisegmental ROM during the course of the intervention program.
The overview of these changes can be seen in Table 17 and 18 above. There were no changes seen with the
overhead squat due to the post-surgical contractures of the quadriceps. The overhead squat weekly showed
poor knee instability which was contributed to quadriceps weakness as a result of having the quadriceps tendon
shortened bilaterally. The pain in the cervical spine movements during the final SFMA examination was due to
pain generation from the post-surgical contractures of the foraminotomy of C5/6 R. PB could have benefited
further from continued osteopathic management in order to further improve cervical and overhead squat
dysfunctional movements.
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Discussion Case Two:

Main findings:
PB presented with the need for treatment of right-sided lateral epicondylitis of the right arm. At the third
consultation, PB reported with no symptoms for lateral epicondylitis and there were no further re-occurrences of
the symptoms during the remaining consultations. The focus of the intervention following the alleviation of the
lateral epicondylitis focused primarily on improving golf swing mechanics. In order to address improving golf
swing biomechanics, PB required improvements of the ROM of the right shoulder, stability of bilateral knees,
the ROM of the bilateral ankles, improvement of hip ROM and the pelvic stability/alignment.

PB also required a focus on the spinal curvature in order to help with torso flexibility during the golf swing.
The treatment was successful when managing the upper extremity, torso/spine, and single leg stance; however,
changes proved to be difficult regarding the cervical region and overhead squat mechanics. The squat
mechanics were restricted due to the surgeries of left knee arthroplasty and shortening of bilateral quadriceps
tendons. During the squat at 70 degrees of knee flexion the stability of the knees was compromised and
bilaterally the legs would begin to shake due to muscle weakness, due to the surgeries PB has had completed on
his knees (Gustavson et al., 2016; Hiyama, Wada, Nakakita, & Mizuno, 2016). This finding was unable to be
changed throughout the intervention program and may have required greater focus and potentially been
identified as the primary focus of the intervention process compared to the lateral epicondylitis.

PB showed small improvements post-intervention for Driver CHS and negative significant changes for the 5iron. Changes were observed with DD for the driver only with an increase of 10 meters post-intervention,
however no meaningful change was detected. Changes were not observed regarding the DD of the 5-iron postintervention. Changes may have been observed in the driver's distance and not the 5-irons distance due to the
driver having a closer swing plane to the transverse plane compared to 5-irons swing arc replicating the sagittal
plane.
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Consideration of effectiveness of clinical approach to improving golf performance:
The intervention process for the alleviation of PB lateral epicondylitis was successful with PB showing no
symptoms or re-occurrence from the third intervention session onwards. PB demonstrated a reduction in CHS
of 5-iron; however improvements regarding total distance were observed with the driver. This may be
explained by the swing arc of the two shots being different, with the driver being closer to the horizontal plane
rounded and the 5-iron being in a more vertically oriented plane. The limitation to the right shoulder of PB
may hold greater restriction to the 5-iron shot due to the limitation of the right shoulders ROM preventing the
pinnacle of the vertical position of the 5-iron to be reached during the golf swing. PB was still experiencing
painful movements on the final intervention day and may potentially have benefited from further osteopathic
intervention in order to further improve his ROM regarding the right shoulder and lower extremity restrictions.
PB also required further improvements to his muscular strength of the lower extremity due to still displaying
issues with knee stability at the final consultation. A further progression could focus on improving muscular
power and strength particularly of the pectoral strength, grip strength and ‘wood chop' strength of individuals, as
these have been shown to be variables which contribute further to improving CHS and DD (Fletcher &
Hartwell, 2004; Lephart et al., 2007).

Limitations of clinical management in this case:
In regards to the timing of the intervention process, there were no limitations as PB attended 6 interventions
weekly over the time period of the study. The primary limitation of clinical process, in this case, was
prioritizing the right-sided lateral epicondylitis over the dysfunctions with the lower extremity. The first
treatments for PB could have been better focused on improvement of golfing performance for PB, with a smaller
focus on treating painful symptoms of the right elbow. PB was still showing instability of bilateral knees at the
time of the sixth intervention session. PB may have benefited from a greater focus on identifying and
developing a management plan in order to improve lower extremity stability of the knees and greater ROM of
the ankles and hips in order to improve his ability to produce lower-upper body disassociation (Fletcher &
Hartwell, 2004; Gulgin et al., 2009; Lephart et al., 2007) in the generation of larger upper extremity flexibility
during the golf swing. PB may have required further strength and conditioning of the lower extremity similar
to exercise programs (Lephart et al., 2007) or plyometric programs (Fletcher & Hartwell, 2004) which have
previously been shown to improve golfing performance.
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Conclusion:
Golfers may receive benefit from the clinical approach used for the identification of predisposing factors,
diagnosis, and management of lateral epicondylitis. This case shows an example of clinical reasoning error
related to the failure to identify the lower extremity dysfunctions as the priority compared with the working
hypothesis for the case. The lateral epicondylitis should have been treated as a secondary condition as the
lower extremity dysfunctions were contributing more largely to swing restrictions for PB. The case also
demonstrated the difficulty with improving shoulder ROM with post-surgical myofascial contractures of the
shoulder and cervical spine.
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Case 3 presentation:

Participant C (‘PC’), a 53 year old male (weight = 112kg, height = 1.91m) was recruited, provided informed
written consent to participate and was enrolled in the study. PC was working as a sales manager 40 hours a
week and plays 18 holes of golf weekly with no other forms of exercise. PC is a right-handed golfer with a
handicap of 9. PC presented with bilateral knee weakness and restriction through the shoulders which were
hindering his golf swing due to self-reported osteoarthrosis (OA). PC believes that during the draw phase of
the swing the shoulders are bilaterally restricted and PC is unable to achieve the vertical position which he was
once able to achieve during the swing. During the swing, there is no pain generated throughout the body,
however, there is general tightness through the posterior aspect of the shoulder girdle and lower back regions.
Two years ago x-rays were taken of the shoulders which were shown to “have an increased build up of calcium
deposited”; PC has been taking fish oil supplements in order to help with the management. PC also believes
that his balance is poor as a result of having bilateral knee instability. Since the early 2000’s PC experienced
bilateral knee crepitus which he attributed to an extensive history of the competitive sport (such as rugby, soccer
and golf). Right shoulder was injured during rugby in early 20’s and since then, he has refrained from throwing
objects due to the generation of a sharp shooting pain down into the arm. In 2011 PC was in a motor vehicle
accident, and following the accident was unable to swing a golf club for several weeks following due to the seat
belt compression from the accident causing minor injuries to upper extremity on the right-hand side. Forty
years ago playing rugby PC had fractured the radius bilaterally at the distal aspect. PC has no history of
operations. PC is a Type 1 diabetic (IDDM) and rates his current health at 40 percent. PC is a current smoker
of 50 grams of tobacco (rolls own) per week with no allergies. PC takes two forms of medication (insulin)
which are insulin lispro (Humalogue) and insulin glargine injection (Lantus). There is no family history of
cardiovascular disease. PC reported experiencing sinus related headaches due to a recent episode of the
common cold. On systems review, there were no issues with cardiovascular, gastrointestinal, urinary,
dermatological and endocrine health. PC passed the pre-exercise screen (McEwen, 2016) with no concerning
issues or ‘red flags’ (Appendix 10).

Observing static posture and active movements:

Upon observation the thoracic spine appeared hyper extended due to the reduction of thoracic kyphosis and the
lumbar spine was reduced with lordosis giving the appearance of a straight/flat back. Bilaterally the shoulders
were rounded with a ‘buffalo hump’ appearance over C7-T1. A marked forward head posture was also evident
and the breathing pattern was characteristic of upper rib dominance. The rounded shoulders, with forward head
posture, showed similarities towards upper crossed syndrome (Muscolino, 2015). During the observation of the
overhead squat, the participant was unable to complete the movement. The participant would not squat lower
than 70 degrees of knee flexion. This was interpreted as fear avoidance (Mehta et al., 2016; Vlaeyen & Linton,
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2000) following PC self-reporting his belief that he would not be able to stand back up if he was to squat any
lower than 70 degrees of knee flexion. During multisegmental movements, there was a limitation observed
with the thoracic flexion, extension and rotation bilaterally during the standing position. The pelvis showed an
anterior tilt.

Selective Functional Movement Assessment (SFMA):
Following observation, a Selective Functional Movement Assessment (SFMA) was undertaken in order to
identify primary and secondary regions that were requiring further examination, see Table 19. The progression
of these reading can be observed in Table 23 and 24.

Table 19: SFMA findings initial consult for PC.
Region examined

Interpretation

Cervical Spine

There was restricted extension in the cervical spine with pain produced during
chin to left clavicle due to tight neck musculature.

Upper extremity

The shoulder mobility was greatly reduced with left ‘over’ at T3, right ‘under’
at L1, right ‘over’ at T3 and left ‘under’ at T7. There was no pain during
impingement testing although there was a noticeable restriction in the ability to
adduct the arms which highlighted the bilateral restriction in the under
movement of shoulder mobility.

Multisegmental testing

PC was only just able to forward flex to the level of his knees. Spinal rotation
with hips restricted was 10 degrees bilaterally. It was shown that rotation was
primarily occurring through the pelvis and hips.

Single leg balance

PC was unable to balance

Overhead squat

Unable to achieve a squat due to bilateral knee weakness, PC was only able to
achieve 45 degrees of hip flexion during the squat and was shown to display
fear avoidance for going further into the squat due to his belief of not being
able to stand back up.
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Osteopathic physical assessment:
Both shoulders were restricted in external rotation and abduction with passive movements. Right shoulder was
showing reduced movement compared to left and was guarded by the right trap muscle which was supporting
weakened rotator cuff, rhomboid and deltoid complex. The forward head posture, rounded shoulders, inhibited
neck flexors/rhomboids and tight pectoral/trapezius muscles showed positive upper cross syndrome (Muscolino,
2015). On palpation both the rhomboids were hypertonic with more tension left compared to the right. At the
end of the range of external rotation of the shoulders, the thoracic spine begins to engage with extension. The
gross thoracic extension was very restricted and is evidently performed greatly though the lumbar spine and hips
during the golf swing. Gross rotation of the torso was also found to be restricted regarding the ROM (L>R)
with the majority of the torsos rotation being generated through the hips and pelvis. Bilaterally there was no
issue with latissimus dorsi flexibility. Both hips had less than 10 degrees of hip internal rotation but normal
external rotation. The right ASIS was inferior and PSIS was superior with crests even. On palpation, the left
and right quadriceps were hypertonic although tension was greater right compared to left. The following
muscles were tender to palpate (L>R) using a verbal response scale (VRS); rectus femoris (8-9/10 VRS), vastus
lateralis (6/10 VRS), popliteus (5/10 VRS) and gastrocnemius (5/10 VRS). The right SIJ was found to be
restricted to SIJ provocation testing and the lumbar and thoracic spine bilaterally required a greater ROM with
side bending and rotation movements. The anterior tilt through the pelvis, weak abdominal/gluteal muscles and
tight lumbar erector spinae/iliopsoas muscles are contributing factors to PCs lower crossed syndrome (Key,
2010). There was no restriction in knee ROM bilaterally. Bilaterally the knees appeared generally swollen
with effusion due to osteoarthrosis being the underlying pathology affecting the stability of the knees. When
assessing the circumference of the knees there was the inability to grasp the knees with two hands with a 50mm
gap. Ankles showed poor mobility with dorsiflexion, inversion and eversion which were restricting PC's ability
to squat effectively with the bilateral tension of the gastrocnemius and popliteus being palpated.

Clinical Reasoning:
In order for PC to improve upper extremity flexibility regarding shoulder and torso ROM, stability of the lower
extremity needs to be improved (Fletcher & Hartwell, 2004; Gulgin, Armstrong, & Gribble, 2009; Lephart,
Smoliga, Myers, Sell, & Tsai, 2007). In order to achieve greater lower extremity stability for PC, the squat
needs to be the primary focus of PCs management and the stability of the knees needs to be reinstated in order
for further development of general balance through the lower extremity (Petterson, Barrance, Buchanan, BinderMacleod, & Snyder-Mackler, 2008). Stabilisation through the pelvis and lower extremity was also poor
hindering PCs balance and overall stance prior to a golf swing. The left wrist had pre-diagnosed osteoarthrosis
in the carpal row which was plaguing PCs grip strength. Osteoarthrosis of the wrist has been linked with
decreased grip strength (Kuhn, Scarcella, & Suzuki, 2016). Grip strength of the lead (left) wrist has been
shown to be required for greater golfing proficiency (Fletcher & Hartwell, 2004) and greater control during the
golf swing (Connor et al., 2016).
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Working hypothesis:
PC’s bilateral knee degenerative osteoarthrosis appeared to be restricting the ability of the lower extremity to
move functionally preventing the participant to be able to provide a ‘stable base’ during the stance of the golf
swing. There were also poor spinal movements of rotation and side bending as a result of poor posture being
developed through the shoulder girdle with the upper cross syndrome (Muscolino, 2015) and lower cross
syndrome (Key, 2010) being demonstrated. Based on lower-upper body disassociation theory (Fletcher &
Hartwell, 2004; Gulgin et al., 2009; Lephart et al., 2007), it was reasoned that PC required greater stability of
the lower extremity regarding the motor control of the knees and movement through the squat in order to
improve his ability to generate rotation of the upper extremity during the golf swing.

Primary osteopathic objective for improving PCs golf swing:


PC required greater ankle mobility (dorsiflexion, inversion and eversion) in order to improve his ability
to squat functionally.



PC required a reduction in the swelling of the knees bilaterally with improved quality of the ROM and
muscular balance that are supporting the knee.



PC requires greater internal rotation of the hips bilaterally.



PC requires pelvic re-balancing, correcting the anterior tilt through the pelvis and lower crossed
syndrome.



PC requires greater external rotation and extension of the left shoulder and greater ROM with all
ranges of the right shoulder.



PC requires the reduction of the presence of the upper cross syndrome with the release of pectoral and
trap tightness and rhomboid/neck flexor muscle strengthening.



PC requires greater stability required regarding the lower extremity



The Lumbar spine of PC requires improved extension, flexion and rotation to the left. PC also
requires a reduction in lumbar erector spinae muscle tightness which is contributing to the lower
crossed syndrome.

Intervention Program:
The osteopathic techniques used included articulation, cross-fibre soft tissue, the active release of tissue therapy,
muscle energy technique, strain and counterstrain, harmonics and BLT. Corrective exercise therapy is
introduced to the intervention program at weeks 3-6. Review methods section 3 for a detailed example for the
development of the intervention program. Table 20 is an itemised overview of the osteopathic treatment
program that was administered for the improvement of the golfing performance (see the further detailed material
in Appendix 9).
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Table 20:

PC intervention program for 6 sessions.

Working hypothesis and primary objective:

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Reduction of bilateral knee swelling and

MFR,

MOB,

MOB,

MOB,

ART,

MFR,

associated muscular weakness (primarily

INH,

HAR

MET,

MET,

MET,

ART,

quadriceps).

BLT

BLT,

HAR,

CET

CET

HAR,

MFR,

MFR

CET

MOB

MOB,

Ankle mobility improvements (dorsiflexion,

MOB,

eversion and inversion).

MET,

CET

MET

HAR
Internal hip rotation improvement bilaterally.

MOB

INH,

MOB

MFR,

MET,

MOB

CET

MET,
CET

HAR
Lower cross syndrome and pelvic torsions.

Improvements to shoulder ROM bilaterally.

MFR,

MET,

MFR,

MET,

ART,

MET,

INH

INH

MET

INH,

MET,

MFR,

CET

CET

CET

MOB,

MOB,

MOB,

MOB,

MOB,

MFR,

INH

MET,

ART,

CET

ART,

CET

INH

CET
The reduction of the presence of the upper cross

MFR

syndrome with the release of pectoral and trap

MFR,

MFR,

INH

INH

HBE

HBE

HBE

HBE

HBE

HBE,

HBE,

HBE,

CET

CET

CET

tightness and rhomboid/neck flexor muscle
strengthening.
Greater stability and balance is required
regarding the lower extremity.
Lumbar spine required improved extension,

MFR,

MET,

MFR,

INH,

ART,

ART,

flexion and rotation to the left with reduction of

INH

INH

INH

MET

CET

CET

lower crossed syndrome.
Abbreviations: MOB = Mobilisation, MET = Direct/indirect muscle energy technique, BLT = Balanced
ligamentous tension, S/CS = Strain/counterstrain, HAR = Harmonics, MFR = Myofascial release, INH =
Inhibition, FNCT = Functional, ART = Active release of tissues, HBE = Home-based exercises, CET =
Corrective exercise therapy.
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Changes in golf swing performance:

Table 21 shows the differences in golf performance for 5-iron strokes between baseline and post-intervention.
The SMASH factor showed a ‘large’ negative effect size which shows that less effort was used during the postintervention assessment. A meaningful change was observed with CHS improving by 3.07 mph postintervention with a ‘large’ effect size.

The ‘small’ negative effect size with ball speed and improved CHS may

not have corresponded with improvements in total distance due to poor striking. This can be observed through
increased SD of post-intervention carry and total distance which reflects outliers compared to baseline which
were much more tightly grouped strokes during analysis.

Table 21: Differences in golf performance for 5-iron between baseline and post-intervention.
Cohen’s ‘d’ (‘effect size’)

Effect size interpretation

139.03 (10.48)

0.01

‘trivial’

151 (6.52)

144.18 (9.71)

-1.05

‘moderate’

CHS (mph)

82.1 (2.15)

85.17 (1.3)

1.43

‘ large’

Ball speed

112.8 (3.05)

111.2 (5.5)

-0.53

‘small’

1.37 (0.05)

1.31 (0.07)

-1.23

‘large’

5 (0.15)

4.96 (0.39)

-0.27

‘small’

12.7 (0.87)

12.4 (0.85)

-0.35

‘small’

5 Iron

Carry distance

Baseline

Post-intervention

(SD)

(SD)

139 (5.11)

(m)
Total distance
(m)

(mph)
SMASH factor

Flight
(s)
Launch angle
(degrees)
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Table 22 shows the differences between golf performance for driver strokes between baseline and postintervention. The SMASH factor showed a ‘moderate’ increase in effect size, however this is within the
baseline SD and is lower than 0.2 SMASH factor value which no meaningful change or placebo effect. The
carry distance and ball speed have shown ‘moderate’ effect size both with a meaningful change due to being
increased above baseline SD values. The total distance and CHS both show ‘small’ increases in effect size
although show no meaningful change due to being within baseline SD values. The lower launch angle showed a
‘moderate’ effect size which allowed for the ball to penetrate further with its increased ball speed which
generated greater distances post-intervention.

Table 22: Differences in golf performance for Driver between baseline and post-intervention.
Cohen’s ‘d’ (‘effect size’)

Effect size interpretation

185.5 (9.34)

1.09

‘moderate’

187 (16.86)

195.8 (11.11)

0.52

‘small’

98.8 (1.35)

99.54 (2.3)

0.54

‘small’

131.6 (5.29)

137.7 (3.5)

1.15

‘moderate’

SMASH factor

1.33 (0.06)

1.38 (0.05)

0.8

‘moderate’

Flight

5.8 (0.53)

5.3 (0.39)

-0.95

‘moderate’

12.7 (3.32)

9.1 (0.96)

-1.09

‘moderate’

Driver

Carry distance

Baseline

Post-intervention

(SD)

(SD)

173 (11.46)

(m)
Total distance
(m)
CHS
(mph)
Ball speed
(mph)

(s)
Launch angle
(degrees)

SFMA findings:
Table 23 below shows the functional progression of PC over the 6 interventions. SFMA examinations were
done each week and the results were constructed into Table 23. There are five regions that the SFMA examines
(cervical spine, upper extremity, multi-segmental region, single leg balance and overhead squat).
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Table 23: The results of PC weekly SFMA tests prior to osteopathic intervention.
Region

Pattern

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Cervical spine

Chin to chest

FN

FN

FN

FN

FN

FN

Face to ceiling

DN

FN

FN

FN

FN

FN

Chin to L clavicle

FP

FN

FN

FN

FN

FN

Chin to R clavicle

FN

FN

FN

FN

FN

FN

L shoulder ‘over’

DN

FN

FN (T5)

FN (T4)

FN (T5)

FN (T6)

(T3)

(T4)

DN

DN

DN (L1)

DN (T9)

DN (T9)

FN (T9)

(Lsp)

(Lsp)

DN

FN

FN (T8)

FN (T7)

FN (T7)

FN (T7)

(T7)

(T7)

DN

FN

FN (T4)

FN (T4)

FN (T4)

FN (T4)

(T4)

(T4)

Impinge ‘up’ L

-ve

-ve

-ve

-ve

-ve

-ve

Impinge ‘up’ R

-ve

+ve

-ve

-ve

-ve

-ve

Impinge ‘across’ L

-ve

-ve

-ve

-ve

-ve

-ve

Impinge ‘across’ R

-ve

-ve

-ve

-ve

-ve

-ve

Multisegmental

Multiseg flexion

DN

FN

DN

DN

FN

FN

region (thoracic

Multiseg extension

DN

DN

FN

FN

FN

FN

and lumbar spine

Multiseg rotation R

DN

DN

FN

DN

FN

FN

rotation, extension

Multiseg rotation L

DN

FN

FN

FN

FN

FN

SL stance EO L

DN

DN

FN

FN

DN

FN

SL stance EO R

DN

DN

DN

FN

DN

FN

SL stance EC L

DN

DN

DN

FN

DN

FN

SL stance EC R

DN

DN

DN

FN

DN

FN

Over head Squat

DP

DN

DN

FN

DN

FN

Final score

15

8

6

3

6

0

Total

21

21

21

21

21

21

Upper extremity

R shoulder ‘under’
L shoulder ‘under’
R shoulder ‘over’

and flexion)
SL stance

Lower extremity

Abbreviations: DN dysfunctional movement with no pain, DP dysfunctional movement with pain, EC eyes
closed, EO eyes open, FN functional movement with no pain, FP functional movement with pain, L left, R
right, SL single leg stance
Colours: Green is functional movement with no pain, Orange is dysfunctional movement with no pain and Red
is dysfunctional/functional movement with pain.
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Changes in SFMA findings over time:

The functional progression of PC during the osteopathic intervention period is displayed below in Table 24.
The table shows the classification of each region being examined during the SFMA screen which was used in
order to determine the effectiveness of osteopathic treatment. The objective of the intervention was to take PC
through a personally tailored osteopathic intervention management plan and progress from the ‘red’ or ‘orange’
columns over time towards the ‘green’. The goal was to have more numbers in the green column by the end of
the intervention process.

Table 24: SFMA region findings over time.
Week

Dysfunctional
movement with
pain

Functional
movement with
pain

Dysfunctional
movement with
no pain

Functional
movement with
no pain

Total

1

1

0

4

0

5

2

0

0

4

1

5

3

0

0

4

1

5

4

0

0

2

3

5

5

0

0

3

2

5

6

0

0

0

5

5

PC showed good functional progression over the course of the program. An overview of these improvements is
shown above in Table 23 and 24. The greatest changes were seen in the improvement of the shoulder ROM for
the upper extremity and the ability to squat. The right shoulder internal rotation ROM was restricted by
osteoarthritis which didn’t show significant improvement until the 5 th and final intervention weeks. The
overhead squat was restricted by bilateral knee weakness. The participant displayed fear avoidance for
completing a squat and this was overcome during the third and fourth intervention where he was able to
complete the squat movement with no pain and complete confidence.

By the final consultation there were no

dysfunctional movement patterns recognised. PC would have benefited from further osteopathic management
after the final week for continued improvement of these new functional improvements.
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Discussion Case Three:

Main findings:
PC presented with bilateral knee weakness and restriction through the lower back and shoulders which PC
believed to be reducing the ability to achieve his optimal golf swing. The primary focus of the intervention
process for PC was the reduction of the swelling of the knees caused by osteoarthrosis. PC required greater
stability of the knees and improved ROM of bilateral hips and ankles in order to improve overall squat
mechanics and balance capabilities of the lower extremity. PC also required greater extension through the
spine and alleviation of the tension that was restricting the shoulders overall ROM bilaterally. PC’s left wrist
grip strength was compromised due to the osteoarthrosis presence in the proximal carpal row limiting the
strength produced for PC. Over the 6 weeks of intervention PC progressed through the program and by weeks
5-6 his squat and balance had improved substantially with the ability to squat for 10 repetitions with no pain or
dysfunction present at the sessions in weeks 5 and 6. The swelling of the knees was reduced over the course of
treatment with the circumference being reduced by up to 80-90mm. PC’s balance and stability began to show
great improvement when PC was able to overcome his fear avoidance of the squat movement. PC showed
‘large' improvements (+3.07 mph) to his CHS of the 5-iron and showed moderate improvements to carry
distance (+12.5 m) and ball speed (+6.1 mph) of the driver post intervention. There was a negative significant
change to total distance (-6.86 m) of the 5-iron.

Consideration of effectiveness of clinical approach to improving golf performance:
At the initial assessment, PC displayed fear-avoidance (Mehta et al., 2016; Vlaeyen & Linton, 2000) for the
squat movement during the SFMA. PC also displayed bilateral knee instability due to the effect of the
degenerative osteoarthrosis and quadriceps weakness (Lewek, Rudolph, & Snyder-Mackler, 2004; Mikesky et
al., 2006; Petterson et al., 2008). PC on the third intervention, during SFMA, showed large improvements in
knee stability and ankle/hip movement. PC was able to overcome his fear-avoidance and complete a full ROM
squat and return to standing. PC displayed minor heel raise at the 3rd intervention during the squat assessment,
however by the 6th intervention PC was able to achieve a squat with flat feet and good stability showing the
large improvement over the course of the treatment process. PC did require a greater ROM regarding the right
shoulder (Sell, Tsai, Smoliga, Myers, & Lephart, 2007) and improved grip strength (Fletcher & Hartwell, 2004)
of the left hand in order to achieve further improvement to his golfing performance. Further progression of the
study might include consideration of improving chest strength (Gordon, Moir, Davis, Witmer, & Cummings,
2009; Keogh et al., 2009) and ‘wood chop’ velocity (Keogh et al., 2009).
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Limitations:
In regards to the timing of the intervention process, there were no limitations as PC attended 6 interventions
weekly over the time period of the study. The primary focus of the study was the bilateral knee osteoarthrosis
which was restricting the ability of the lower extremity to move functionally. A limitation of the study was
found in the method of measuring the swelling of the knees bilaterally. The practitioner had examined the
knees by placing finger tips connecting in the popliteal fossa and then assessing how close the palms of the
hands reached over the patella. The examination should have been performed using a tape measure in order to
be specific, compared with practitioners judgement by eye and assessing the gap between the two hands. PC
showed improvement regarding DD but not 5-iron distance and may have benefited from swing technique
coaching from a golf professional (Booth, 2005; Evans, 2016) in order to further obtain benefits from the
program.

Conclusion:

The clinical approach here highlights the importance of practitioners helping individuals with fear avoidance.
Through helping individuals overcome fear avoidance, improvements can be made to functional movements or
tasks that can be set between a practitioner and individual. The case demonstrated the difficulties that
individuals with degenerative changes to the shoulders may have when trying to improve the distance achieved
by iron strokes. The clinical approach demonstrated the benefits that those individuals with osteoarthritis and
poor balance/stability can receive and how they may translate to improvements in golfing performance.
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Case 4 presentation:

Participant D (PD), a 54 year old male (weight = 85 kg, height = 1.77m) was recruited, provided informed
written consent to participate and was enrolled in the study. PD currently unemployed 6 months ago from the
hospitality industry, is playing 36 holes of golf a week with a handicap of 7. PD presented with bilateral lower
back pain at the level of L4/5 and scoliosis which are impairing his golf swing. The lower back pain is dull and
achy in the morning but resolves as the day continue on. At times during the golf swing, PD will experience
lower back tightness around the site of usual pain and sometimes has issues with hip rotation during the swing.
At times during the day, PD experienced pain down the left leg. The left hip can become dull/achy later in the
day or after 7-8 holes of golf and this usually occurs when the lower back pain is present. At 16 years of age
PD first noticed a curve in the spine which was not problematic until early 20’s. Subsequently, a scoliosis was
diagnosed by a general physician as a structural scoliosis that was generated by a longer left leg. PD has had no
motor vehicle accidents or accidents where fractures or major injuries have occurred. PD had one operation on
the left leg due to shin splints and has no sensory supply to the dorsum of the foot as a result. PD had prostate
cancer diagnosed and cleared in 2009 and has had no further issues since. PD has primary myelofibrosis, which
is a clonal stem cell disorder that manifests as anaemia, splenomegaly due to extramedullary hematopoiesis,
leukoerythroblastosis, and constitutional symptoms, which are the clinical hallmarks of primary myelofibrosis
(Abdel-Wahab & Levine, 2009). PD believes his health to be at 65%.

PD is currently non-smoker; however, PD has a history of casual smoking in his early 20’s with a consumption
of “a packet a week”. PD is on simvastatin and lisinopril for the management of high blood pressure and there
is a family history of cardiac fibrillation on his father’s side. PD has shortness of breath with jogging due to
primary myelofibrosis; however, he walks around the golf course with no difficulties. PD has a high blood
pressure of 160/70mmHg and no reports of chest pain or palpitations. The shortness of breath occurs in the
absence of chest tightness, radiations or elevated heart rate at any point. On review, all other systems were
reported without abnormality. PD passed the pre-exercise screening (McEwen, 2016) with no issues identified.
1 month ago the participant was experiencing shortness of breath, which his personal doctor had found to be the
cause of medication. PD since changing medication has had no issues with shortness of breath. All other
screening tests were cleared and can be reviewed in the Appendix (12).
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Observing static posture and active movements:

PD displayed a forward head posture with an increased thoracic kyphosis. The primary curve of the scoliosis
appeared to be from T5-12 with concavity on the right. The secondary curves appeared from T2-5 and T12-L5
with concavity on the left. The left leg appeared longer on stance. The left shoulder and hip were held
superiorly and PD had the rounded shoulder posture on stance with bilateral scapulae shifted laterally. It was
observed that PD was an upper rib breather. The right calf appeared to be under a lot more tension compared to
the left calf and the right calf was showing thickening of the tendon. PD bilaterally was very plantar flexed
when lying supine on the table.

Selective Functional Movement Assessment (SFMA):
Following observation, a Selective Functional Movement Assessment (SFMA) was undertaken in order to
identify primary and secondary regions that were requiring further examination, see Table 25. An overview of
the progression of these findings can be seen in Table 29 and 30.

Table 25: SFMA findings initial consult for PD
Region examined

Interpretation

Cervical Spine

Cervical flexion and extension movements were good with NAD. Chin to
clavicle movements bilaterally was restricted in ROM and had pain production
over C7-T1.

Upper extremity

Shoulder ROM for right ‘over’ and left ‘under’ had full ROM with ability to
touch, the left ‘over’ and right ‘under’ were restricted at T5-T8. Right Yocum
impingement test was positive over the right supraspinatus muscle. Right
impingement across was positive for right AC impingement.

Multisegmental testing

Forward flexion was poor with no movement occurring between T9-L5
appearing as a block lesion. Gross extension generated pain at the L5/S1
region and only 2 of 3 requirements were met with the ASIS not breaching
anteriorly to the toes. Rotation bilaterally was restricted (left 20 degrees and
right 15 degrees) with the movement being generated through the hips
bilaterally.

Single leg balance

The right glutes showed weakness during STORK testing due to inability to
balance compared to the left-hand side.

Overhead squat

The squat was restricted due to poor spine extension and restricted ROM of the
bilateral hips and ankles R>L.

108

Osteopathic physical examination:

During the squat, the left hip appeared to be catching and giving way during the movement and there was
obvious favouring of weight bearing on the right-hand side. The left hip showed a full passive ROM with
flexion, extension, and adduction. Passive ROM regarding abduction was only 40 degrees and internal rotation
of the hip was only 10 degrees. Trochanteric roll of the lower extremity showed that the right SIJ may be
subject to dysfunction which was reinforced with further diagnostic testing (sacral provocation tests = +ve pain
in right SIJ). Flexion of the lumbar spine was unrestricted compared to the extension which was very limited,
and side bending right was reduced with rotation left also being restricted. Stork testing was negative showing
adequate balance and Kemp’s testing of the lumbar vertebrae was also negative. Passively trying to aggravate
the lumbar spine nerve roots (Kemp’s, Slump, compression, distraction) was also negative with supine, prone
and seated positioning. Straight Leg Raise was also negative for the lumbar spine bilaterally with no referral
into the lower extremity being generated. The left ASIS is inferior, left PSIS superior and left crest was
superior in regards to the alignment of the pelvic surface anatomy.

In the thoracic spine, the segments of T5-9 bilaterally were restricted as a block lesion in all ranges of motion.
The gross thoracic extension is generated through T1-4 and T10-12. There was no restriction found with the
gross rotation of the trunk, however, the segments of T5-9 were immobile during these movements during
segmental testing. Bilaterally the latissimus dorsi length was poor and contributing to the restriction of
shoulders with the right latissimus dorsi muscle being shorter than the left. The right ankle showed greater
restriction with dorsiflexion compared to the left ankle and the right gastrocnemius was tender to palpate at its
trigger point. Assessment of the lower limb showed the left leg was 12mm longer than the right, generating a
pelvic shift with the right iliac crest higher, right ASIS inferior, right PSIS superior, right iliopsoas tender to
palpate, right gluteus medius weakness, left hip internal rotation 10 degrees, right hip internal rotation 15
degrees. Right gluteus maximus and piriformis hypertonic, right quadratus lumborum hypertonic, lumbar
erector spinae muscles L2-4 right tender to palpate. The scoliosis primarily affected the ROM movement of the
lower thoracic spine and lumbar spine which was hindering PD’s golf swing mechanics. T5-9 was the main
area of restriction with T9-L3 being reduced with the ROM also. The primary curve of the scoliosis appeared
to be from T5-12 with concavity on the right. The secondary curves appeared from T2-5 and T12-L5 with
concavity on the left. Bilaterally the shoulders were rounded with evident upper cross syndrome occurring, the
right scapular glide was poor during shoulder active movements and bilaterally the subscapularis and teres
major muscle was tender to palpate. Bilaterally latissimus dorsi flexibility was poor and the greater stretch was
required for the generation of the larger ranges of motion of the shoulders during the golf swing.
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Clinical Reasoning:

PD’s primary concern was the structural scoliosis that was present. The structural scoliosis was identified when
PD was 16 years of age due to the leg length discrepancy identified by a doctor with the left leg length being
greater by 12 mm compared to the right generating asymmetries through the pelvic girdle resulting in scoliosis
of the spine. The Process Approach described by Lederman (2015) identifies PD being identified in the
adaptation phase to his condition of a structural scoliosis. The adaptation is resulting in constant repair and
adaptation occurring from the large structural change (scoliosis) to the musculoskeletal structure of PD. The
shoulders and hips are subject to overuse due to PD generating ROM required through these joints compared to
the structurally altered torso for the generation of the golf swing. The shoulders and hips are overused during
the golf swing in order to adjust for the reduction in extension, side bending and rotation that has been lost
through different segments of the spine which are more heavily restricted by the structural scoliosis. PD also
showed the need for the greater balance of the lower extremity demonstrating poor balance with single leg
testing and the squat mechanics showed the need for greater mobility of the lower extremity and greater
extension required of the spine.

Working hypothesis:

PD is primarily being treated for a structural scoliosis which was predisposed and maintained by a left leg length
discrepancy and pelvic asymmetries leading to chronic changes to the alignment of the spine. As a result, PD
requires a greater ROM regarding both the hips and torso in order to generate greater ranges of motion during
the golf swing. The participant also requires greater stability of the base with improvements required in balance
and squat biomechanics. PD requires greater balance of the lower extremity (Wells, Elmi, & Thomas, 2009),
improved torso, hip and shoulder flexibility (Sell, Tsai, Smoliga, Myers, & Lephart, 2007) for the improvement
of his golfing performance. During the third intervention, the participant presented with lower back pain that
referred and stopped at the left hip. The working diagnosis for the third intervention was L4/L5 facet
compression predisposed by the structural scoliosis, left leg length discrepancy and lumbar spine erector spinae
hypertonicity.
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Primary osteopathic objective for improving PDs golf swing:


PD requires reduction and improved movement of segments that are affected by the structural scoliosis,
which primarily affects the lumbar spine and the lower thoracic spine.



PD requires greater left hip ROM in internal rotation.



PD requires that the pelvis needs stabilising in regards to surface anatomy alignment with left leg being
longer, contributing to scoliosis of the participant.



The balance of the lower extremity and pelvis should be restored in order to help improve the scoliosis
of PD in order to improve general ROM of the hips, pelvis and spine.



PD requires greater torso flexibility.



PD requires greater ROM of the right shoulder in extension, abduction and external rotation.



PD requires, bilaterally, greater ROM with the ankles with dorsiflexion and the left gastrocnemius
needs tension reduction.

Intervention Program:

The osteopathic techniques used included articulation, cross-fibre soft tissue, the active release of tissue therapy,
muscle energy technique, strain and counterstrain, harmonics and BLT. Corrective exercise therapy is
introduced to the intervention program at weeks 3-6. Review methods section 3 for a detailed example for the
development of the intervention program. Table 26 is an itemised overview of the osteopathic treatment
program that was administered for the improvement of the golfing performance (see the further detailed material
in Appendix 11).

111

Table 26: PD intervention program for 6 sessions.
Working hypothesis and primary objective:

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

PD requires reduction and improved movement

MOB,

MOB,

MOB,

MOB,

MOB,

MOB,

of segments that are affected by the structural

MFR,

MFR,

MFR,

MFR,

MFR,

MFR,

scoliosis, which primarily affects the lumbar

ART,

ART,

ART,

ART,

ART,

ART,

spine and the lower thoracic spine.

INH

INH,

INH

INH,

INH,

INH,

CET

CET

CET

HBE
Alleviation of the left-hand side lower back

MOB,

pain with referred pain to the left hip.

MET,
INH,
MFR

PD requires that the pelvis needs stabilising in

INH,

MOB,

MOB,

MET,

MET,

MET,

regards to surface anatomy alignment with left

MOB

MET,

MET,

CET

ART,

ART,

leg being longer, contributing to scoliosis of the

INH,

INH,

CET

CET

participant.

ART

ART

The balance of the lower extremity and pelvis

MOB,

MOB,

MET,

MET,

MET,

should be improved in order to improve the

MET,

MET,

CET,

ART,

ART,

stance and torso rotation during the golf swing.

INH,

INH,

HBE

CET,

CET,

ART

ART

HBE

HBE

MET

MET

MOB,

MOB,

CET

MFR,

PD requires greater torso flexibility regarding
rotation.

CET
PD requires greater ROM to the right shoulder

MOB,

MOB,

ART,

MET,

MET,

with extension, abduction and external rotation.

MET

MET

MET,

ART,

ART,

CET

CET

CET

PD requires greater left hip ROM with internal

MFR,

MOB,

MOB,

MOB,

MOB,

rotation requires greater ROM regarding

INH

MET

MET

CET

CET

PD requires bilaterally greater ROM with the

MOB,

MOB,

MOB,

ankles with dorsiflexion and the left

MFR

MET,

MET,

MFR

MFR

internal rotation.

gastrocnemius needs tension reduction.

Abbreviations: MOB = Mobilisation, MET = Direct/indirect muscle energy technique, BLT = Balanced
ligamentous tension, S/CS = Strain/counterstrain, HAR = Harmonics, MFR = Myofascial release, INH =
Inhibition, FNCT = Functional, ART = Active release of tissues, HBE = Home based exercises, CET =
Corrective exercise therapy.
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Changes in golf swing performance:

Table 27 shows the differences in golf performance for 5-iron strokes between baseline and post-intervention.
There was no meaningful change observed with golf performance variables post-intervention. A ‘small’
negative effect size was observed with all other variables (carry distance, total distance, CHS, ball speed and
launch angle) except for Flight time which had a negative ‘moderate’ effect size.

Table 27: Differences in golf performance for 5-iron between baseline and post-intervention.
Cohen’s ‘d’ (‘effect size’)

Effect size interpretation

106.9 (7.59)

-0.2

‘small’

118 (15.76)

111.3 (6.18)

-0.43

‘small’

79.7 (3.03)

78.1 (1.2)

-0.53

‘small’

97.9 (6.65)

95.4 (4.48)

-0.37

‘small’

SMASH factor

1.23 (0.06)

1.22 (0.05)

-0.18

‘trivial’

Flight

4.5 (0.27)

4.2 (0.36)

-1.11

‘moderate’

15.6 (2.59)

14.7 (1.56)

-0.35

‘small’

5 Iron

Carry distance

Baseline

Post-intervention

(SD)

(SD)

109 (10.26)

(m)
Total distance
(m)
CHS
(mph)
Ball speed
(mph)

(s)
Launch angle
(degrees)
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Table 28 shows the differences between golf performance for driver strokes between baseline and postintervention. The SMASH factor showed a negative ‘small’ effect size which shows that PD used less effort
during post-intervention shot analysis. The ‘moderate’ positive improvement of the carry distance of the driver
shows that larger distances were achieved during post-intervention studies although this still lies within the
baseline (SD) for carry distance which shows no meaningful change. There was no meaningful change in the
total distance achieved of the shot which could be explained by an increased launch angle with a ‘small’ effect
size post-intervention. Although the carry distance was larger, the launch angle reduced the total distance
achieved due to less roll being generated on the ball due to greater height of stroke. The CHS and ball speed
showed negative ‘small’ effect sizes showing no meaningful change.

Table 28: Differences in golf performance for Driver between baseline and post-intervention
Baseline
(SD)

Post-intervention
(SD)

Cohen’s ‘d’ (‘effect size’)

Effect size interpretation

139 (13.27)

150.28 (9.7)

0.85

‘moderate’

156 (7.34)

156.8 (9.32)

0.11

‘trivial’

86.8 (0.83)

86.1 (0.81)

-0.83

‘small’

120.4 (2.87)

118.42 (1.81)

-0.69

‘small’

SMASH factor

1.39 (0.03)

1.38 (0.03)

-0.47

‘small’

Flight

4.6 (0.71)

5.04 (0.59)

0.63

‘moderate’

9.7 (1.53)

10.38 (1.56)

0.44

‘small’

Driver
Carry distance
(m)
Total distance
(m)
CHS
(mph)
Ball speed
(mph)

(s)
Launch angle
(degrees)

SFMA findings:
Table 29 below shows the functional progression of PD over the 6 interventions. SFMA examinations were
done each week and the results were constructed into Table 29. There are five regions that the SFMA examines
(cervical spine, upper extremity, multi-segmental region, single leg balance and overhead squat).
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Table 29: The results of PD weekly SFMA tests prior to osteopathic intervention.
Cervical spine

Upper extremity

Pattern

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Chin to chest

FN

FN

FN

FP

FN

FN

Face to ceiling

DN

FN

FN

DN

FN

FN

Chin to L clavicle

DP

FP

FP

DN

FN

FN

Chin to R clavicle

DP

FP

DN

DN

FN

FN

L shoulder ‘over’

DN

FN

FN

FN

FN

FN (T4)

(T5)

(T5)

(T5)

(T5)

(T4)

DN

FN

FN

FN

DN

(T8)

(T7)

(T7)

(T7)

(T6)

FN

FN

FN

FN

FN

(T6)

(T6)

(T6)

(T6)

(T6)

FN

FN

FN

FN

FN

(T6)

(T6)

(T6)

(T6)

(T6)

Impinge ‘up’ L

-ve

-ve

-ve

-ve

-ve

-ve

Impinge ‘up’ R

+ve

-ve

-ve

-ve

-ve

-ve

Impinge ‘across’ L

-ve

-ve

-ve

-ve

-ve

-ve

Impinge ‘across’ R

+ve

-ve

-ve

+ve

-ve

-ve

Multiseg flexion

DN

DN

FP

FN

FN

FN

Multiseg extension

DP

FP

FP

FN

FP

FN

Multiseg rotation R

DN

FN

FN

FN

FN

FN

Multiseg rotation L

DN

FN

FN

FN

FN

FP

SL stance EO L

FN

DN

FN

FN

FN

FN

SL stance EO R

DN

DN

FN

FN

FN

FN

SL stance EC L

DN

DN

FN

FN

FN

FN

SL stance EC R

DN

DN

FN

FN

FN

FN

Over head Squat

DN

DN

DN

FN

FN

FN

Final score

15

9

5

4

1

1

Total

21

21

21

21

21

21

R shoulder ‘under’
L shoulder ‘under’
R shoulder ‘over’

Multisegmental region
(thoracic and lumbar
spine rotation,
extension and flexion)

SL stance

Lower extremity

FN (T6)

FN (T6)

FN (T6)

Abbreviations: DN dysfunctional movement with no pain, DP dysfunctional movement with pain, EC eyes
closed, EO eyes open, FN functional movement with no pain, FP functional movement with pain, L left, R
right, SL single leg stance
Colours: Green is functional movement with no pain, Orange is dysfunctional movement with no pain and Red
is dysfunctional/functional movement with pain.
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Changes in SFMA findings over time:

The functional progression of PB during the osteopathic intervention period is displayed below in Table 30.
The table shows the classification of each region being examined during the SFMA screen which was used in
order to determine the effectiveness of osteopathic treatment. The objective of the intervention was to take PB
through a personally tailored osteopathic intervention management plan and progress from the ‘red’ or ‘orange’
columns over time towards the ‘green’. The goal was to have more numbers in the green column by the end of
the intervention process.

Table 30: SFMA region findings over time.
Week

Dysfunctional
movement with
pain

Functional
movement with
pain

Dysfunctional
movement with
no pain

Functional
movement with
no pain

Total

1

2

0

3

0

5

2

0

2

2

1

5

3

0

2

2

1

5

4

0

1

0

3

5

5

0

1

0

4

5

6

0

1

0

4

5

PD showed good functional change from the study with regards to ROM which are shown through Tables 29
and 30 above. There was pain with movements during the multisegmental testing which were due to the
structural asymmetry that was caused by the scoliosis. PD responded well to osteopathic techniques and great
improvements were seen with shoulder, hip and torso ROM improvements each session. PD showed no change
in his golfing performance post-intervention and may have required greater benefit from strength and
conditioning rather than improved functional movement.
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Discussion Case Four:

Main findings:

PD presented with lower back pain around L4/5 bilaterally and a scoliosis which was described as “plaguing his
golf swing”. At times with his golf swing, PD will have difficulties with lower back tightness around the site of
usual pain and sometimes has issues with hip rotation during the swing. At times during the day, PD can
receive a referred pain down the left leg. The left hip can become dull/achy later in the day or after 7-8 holes of
golf and usually occurs when the lower back pain is present. PD only had one episode of the lower
back/referred hip pain over the course of the study. At the third intervention, the participant presented with the
familiar back pain that referred to the left hip. The back pain occurred during a round of golf and was resolved
following treatment following the third intervention. PD showed great improvement with SFMA scores over
the 6 weeks; however, PD’s structural scoliosis was unable to be changed due to the chronic adaptation it has
undergone over the last 40 years. The working hypothesis was to address improvements to the joints (shoulders
and hips) adjacent to the scoliosis and improve the balance (Sell et al., 2007; Wells et al., 2009) of the lower
extremity in order to improve his golfing performance. PD showed no meaningful change with regards to
improving golf performance measures, however, PD progressively made improvements to his functional
capabilities as measured by SFMA findings.

Consideration of effectiveness of clinical approach to improving golf performance:

The clinical approach was effective in the reduction of PDs lower back pain which was referring to his left hip.
The participant only had one occurrence of the presenting complaint during the study and was treated
effectively. There was no re-occurrence following the third intervention. PD progressed through the study
with great success showing improved SFMA scores (Table 28 and Table 29) from 15/21 (week 1) to 1/21 (week
6). PD was very responsive to treatment with left hip internal rotation improving from 10 degrees to 45 degrees
over the study. The participant also showed large improvements towards his torso flexibility in all ranges. PD
showed the greatest improvement in balance over all case studies, being the first participant that was able to
achieve single leg balance with eyes closed bilaterally. In regards to improving the CHS and DD of PD golf
swing, the effectiveness of the clinical approach was not a success. Although there were positive improvements
to shoulder, hip and torso flexibility that was achieved by the clinical approach there were no meaningful
changes observed to PD’s golf performance. PD may have required greater strength characteristics such as
pectoral strength (Gordon, Moir, Davis, Witmer, & Cummings, 2009; Keogh et al., 2009; Sell et al., 2007) and
core strength (Keogh et al., 2009; Sell et al., 2007; Wells et al., 2009; Weston, Coleman, & Spears, 2013) in
order to further develop greater CHS and DD.
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Limitations:

PD showed no changes in CHS and DD with both the 5-iron and driver. A limitation of the study was that PDs
structural scoliosis was unable to be corrected, although changes were observed regarding general torso ROM
and flexibility in all ranges of motion. PD may have required further benefit towards his golfing performance
with the incorporation of the player, practitioner coach triad (Booth, 2005; Evans, 2016). The case study did
not focus on swing technique training which may have provided PD with further benefit in achieving greater
CHS and DD with is improved flexibility. Greater control of the swing may have been required in order to
achieve greater DD for PDs 5-iron and driver strokes. Greater control may have been obtained if a golf coach
(Booth, 2005; Evans, 2016) had provided technique coaching for PD to receive further progression to DD. The
incorporation of a golf coach also could have further benefited PD with the practitioner and golf coach
integrating ideas towards improving PDs golfing performance. PD may have benefited from continued
participation with the clinical approach to ongoing management while he continues to play golf. PD may have
benefited from continued management with the care of the structural scoliosis and adjacent joints for the
improvement of his golfing performance. This would also provide insight and observation of the benefits of
managing an individual with lower back pain using the clinical approach presented above.

Conclusion:

The clinical approach for PD highlights important issues that may occur as a result of managing a golfer with a
structural scoliosis. Although changes were unable to be made to the structural scoliosis of PD, functional
improvement can occur in joints (shoulders and hips) which can contribute to improving golfing performance.
The clinical approach also highlighted the point that golfers who are troubled with lower back pain may receive
benefit from the clinical approach used here in order to prevent lower back pain from occurring during
participation in golf. The case further demonstrates the constraints of the clinical approach in regards to the
limitations of physical capability improvements. Although improvements in golfing performance can be
obtained, golf coaching for swing technique may be required before improvements in distance may be observed.
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Discussion:

Main findings:
The aim of the study was to demonstrate the use of combining active therapy (corrective exercise) with passive
therapy approaches (osteopathic manual therapy) for the purpose of improving golfing performance over an 8week period. The primary objective of the study was to identify if there is sufficient preliminary evidence to
justify a larger group design to investigate a corrective exercise program with osteopathic intervention for
improving golfing performance. There were no golf related injuries during the study. PA showed positive
meaningful change with CHS of 5-iron and total distance and ball speed of the driver post-intervention. Further
positive changes were observed with CHS, ball speed, carry and total DD with PA, PB and PC although they
were not significant meaningful changes. Changes in total distance (driver and 5-iron) were variable between
participants with one participant showing improvement in driver and 5-iron distance, two participants showed
improvement in driver distance and one showed negative changes to the distance of 5-iron and driver, however
these were not meaningful changes. PA and PC showed improvement for CHS for 5-iron (Cohen’s d= 3.52, d=
1.43). PA showed significant improvements in total DD for 5-iron (d = 1.2) and Driver (d = 2.1), while PC
showed significant improvements for the carry distance of the Driver only (d = 1.09) and PB showed
improvements with total DD but these were not significant (d = 0.52). PD showed no changes in DD for the 5iron (d = -0.43) and driver (d = 0.11).

Relationship between dysfunctional movement and screening process:
A pattern of dysfunction common to several participants was observed at baseline during the SFMA, with the
single leg balance, toe touch and overhead squat all poorly executed showing dysfunctional movements with
associated pain. This finding is similar to Gulgin et al (2014), who in their study of 36 golfers investigated the
relationship between swing faults and movement screening findings. Gulgin et al (2014) found that golfers
with single leg balance, toe touch and overhead squat dysfunction also had associated golf swing faults such as
early hip extension, loss of posture and slide during the golf swing. Golf swing faults are associated with
reduced golf performance, and importantly, have been shown to be predisposing factors for golf related injury
(Gulgin, Schulte, & Crawley, 2014). Here, the SFMA was used for the identification of dysfunctional
movements that were present for each participant and then a tailored intervention program was developed. The
tailored intervention program aimed to improve identified dysfunctions with the goal of improving overall
golfing performance. Further, addressing movement dysfunction may, in theory (Meeuwisse, Tyreman, Hagel,
& Emery, 2007) have a protective effect in injury, although this study was not designed to investigate this effect.
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Golf proficiency and methods for improvement:
The key physical characteristics that contribute towards greater golfing performance have been identified as hip
strength, torso strength, shoulder strength, shoulder flexibility, hip flexibility, torso flexibility and balance (Sell,
Tsai, Smoliga, Myers, & Lephart, 2007). Previous intervention studies for golf performance have shown that
exercise programs focused on improving strength characteristics for golfers have shown improvements in DD
and CHS (Doan, Newton, Kwon, & Kraemer, 2006; Fletcher & Hartwell, 2004; Lephart, Smoliga, Myers, Sell,
& Tsai, 2007; Weston, Coleman, & Spears, 2013). In each of these studies, the exercise programs were not
tailored programs for each individual participant and were looking at the effects of improving general strength
and conditioning and the effect on CHS and DD. Further, in these studies, flexibility was not emphasized and
dysfunctional movements were not identified or addressed.

In contrast to the previous work investigating golf performance, the clinical approach designed and implemented
here focused on identifying dysfunctional movements that were specific to each participant in regards to what
movements could be restricting the key physical characteristics that contribute towards greater golfing
performance. Once dysfunctional movements were identified for each participant, a tailored clinical approach
combining osteopathic intervention with corrective exercises was developed as a management plan. This
tailored approach was intended to reflect the reasoning based approach that is apparent in typical clinical
practice. All participants underwent a similar process of steps; however, the precise details of administration
differed between participants. This approach is similar in concept to other studies in osteopathy where semistandardized interventions have been applied (Benjamin, Bacon, Verhoeff, & Moran, 2016; Frith, 2013; Gasson,
2013).

The clinical approach:
Generally, this study demonstrates the application of a clinically reasoned approach to a person’s needs based on
case history and physical examination in order to identify movements that are restricting the key physical
characteristics that contribute towards greater golfing performance. The clinical approach was intended to
improve golf performance by addressing the characteristics that were identified by Sell et al., (2007). The
participants in this study who were identified as being within the recovery phase of Lederman’s (2015) Process
Approach theoretical model showed the greatest improvement in golfing performance. In comparison those
participants in this study who were identified, according to the model, as being within the repair or adaptation
phase of injury due to underlying musculoskeletal dysfunction (such as osteoarthritis of the knees, post-surgical
myofascial contractures and structural scoliosis of the spine) showed lower adherence to the osteopathic
management program compared to those within the recovery phase. Osteopathic management was associated
with improvement of CHS amongst two participants, although the participant undergoing repair or adaptation to
injury demonstrated the little translation of improved CHS to the improvement of DD. Those golfers whose
location in the model was recovery showed greater improvement in golfing performance measures regarding
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CHS and driving. The participants who were still adapting to their injury or past injury/condition may have
required exposure to osteopathic management beyond the duration used in this study in order to transfer any
benefit to golf performance.

Importance of lower-upper body dissociation:
The concept of lower-upper body disassociation as described by Fletcher & Hartwell (2004), Lephart et al.,
(2007) and Gulgin et al., (2009) is based on a premise that greater stability provided by the lower extremity in
the golfer provides increased ROM and velocity of the upper extremity through the golf swing. In theory,
during the stance a player with a more ‘stable base’ is likely to possess greater functional flexibility in the torso
and upper extremity (Gulgin, Armstrong, & Gribble, 2009; Lephart et al., 2007). Impaired lower-upper body
disassociation was common amongst all participants within the study. All participants displayed poor squat
biomechanics and single leg balance at baseline SFMA testing, and in clinical terms both movements may
indicate impairment of a stable base. The clinical approach used here is a means to identify the dysfunctional
movements that may be restricting the ability of the lower body to provide stability during the golf swing.
Clinically, the combined use of corrective exercise alongside another passive manual therapy (expressed in this
study as osteopathic manual therapy) in order to improve function has recently attracted increased attention,
especially in sporting applications known as performance therapy (“Defining ‘Performance Therapy,’” 2016,
“Lessons from ALTIS,” 2016; Evans, 2016) but is yet to be described in peer-reviewed literature.

Methodological constraints related to single subject case study designs:

Although it has been argued (Bates, 1996; Reboussin & Morgan, 1996) that the single subject design is
problematic with regard to statistical inference and generalisability, most authors agree that if the limitations of
making general recommendations are acknowledged single subject case study work has considerable utility in
demonstrating both the practical application of clinical treatment and generating recommendations for further
research (Yin, 2013). Case study work has been widely accepted in the health and medical literature as a
valuable tool that is used to present clinically relevant findings that are of benefit to practising clinicians treating
sports injury (Riddoch & Lennon, 1994). However, it is important to acknowledge that tailored treatment
regimens that are successful for one individual are unlikely to be applicable to others; however, the general
principles of a combined treatment approach may serve as a framework for further development. Indeed, a
major benefit of case studies is to offer the opportunity to develop and describe interventions and measures of
outcome more completely than is possible in group designs (Sim, 1994).
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Limitations:
Further to the general limitations associated with single case designs, there are several other points to consider.
Firstly, the lack of female participants within the study is a limitation, although there appears little reason that
the combined treatment approach would not apply to both females and males. Secondly, the ROM was
assessed based on clinical judgement and provides room for clinical error based on the judgement of the
findings from the practitioner. The use of a goniometer in future may provide a more standardised method for
clinical assessment of shoulder, hip and ankle ROMs in order to provide greater accuracy of assessment
throughout the study in regards to the ROM. Thirdly, the limited size of the study does not provide strong
validation of process but does afford insight into the possible development of future studies with larger group
study designs with male and female participants of a younger age group. The age range of participants was a
poor representation of the wider golf community as here all participants were 45-56-year-old male golfers. The
study only represented golfers with a handicap of 8-12 indicating a reasonable level of golfing proficiency. In
the wider golf community, handicap variables range from +5-0 for professionals or 0-36 for amateurs, and it is
likely that patterns of dysfunction may differ across different level of proficiency, although there appears to be
little reason that clinical approach described would not be applicable to golfers of all levels. There was no
recording of weather conditions (e.g. humidity) in the study also which could confounded the readings of golf
performance measures during data collection. Players may have further benefited from the osteopathic
management program if they were to receive technique coaching which was not part of the study.

Finally, improvements in golf performance observed here are not solely attributable to changes in movement
dysfunction that may be impairing the golf swing. Both swing technique (Booth, 2005), and the psychological
aspects (Hellstrom, 2009) of golf performance, are two important determinants not addressed in this study that
may have changed over the course of the study impacting on outcomes.

Future research:

In future, the integration of the clinical approach described here together with golf coaching, to identify and
correct swing faults, and to improve mental skills, should be further explored and developed in case studies with
a view to conducting controlled group designs in future. In terms of further development of corrective exercise
aspects, factors that could be further addressed include pectoral strength (Gordon, Moir, Davis, Witmer, &
Cummings, 2009; Keogh et al., 2009), grip strength (Fletcher & Hartwell, 2004; Lephart et al., 2007), body
rotational velocity (Gordon et al., 2009) and ‘wood chop’ velocity (Keogh et al., 2009). Pectoral and grip
strength, as well as body rotational and ‘wood chop' velocity, should be assessed during examination process of
the clinical approach.
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Conclusion:
The clinical approach demonstrated in this study (combined osteopathic manual therapy and corrective exercise)
has shown potential for improving golfing performance. The clinical approach demonstrates a method to help
golfers who are having trouble with flexibility, balance and dysfunctional movement that are identified by
SFMA. The clinical approach provided insight into the capabilities of practitioners to help athletes using
‘performance therapy'. The clinical approach used here showed the ability to improve golfing performance
through tailoring an intervention program that is focused on improving the functional movements of individuals
that have deficits identified by SFMA.
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Appendix 2: Participant information sheet

Participant Information Sheet
The effect of osteopathic intervention and corrective exercise on golf performance

What does this research involve?
You are invited to take part in a research project that aims to investigate the effect of osteopathic intervention
and corrective exercise on golf performance. Movement restrictions in joints and soft-tissues can influence
movement patterns and impair the golf swing. With the project the aim is to identify these restrictions and
use corrective exercise and weekly osteopathic manual therapy intervention over six weeks to improve
your movement patterns.

What is osteopathy?
Osteopathy is a form of manual therapy that is focused on improving movement quality and health of the
musculoskeletal system. Osteopaths are able to treat injuries and also movement dysfunctions in order to improve
overall function of the body.

What will happen at each consultation session?
A standard case history will be taken from you including detailed discussion about your golf history, history of
injury, occupation, medical history (previous accidents, illnesses, medical conditions etc). We will then
observe the way you move – the range of motion in your ankles, knees, hips, back, arms and neck. Based on
observation about how you move and what you’ve told us about your golf, we’ll also undertake some hands-on
assessment of your muscles and joints. Based on the findings of this assessment, we’ll discuss whether handson treatment (such as soft-tissue massage, joint mobilisation/manipulation) could be useful and with your
feedback we’ll agree a treatment plan that will involve osteopathic manual therapy and prescription exercise.
Depending on the nature of the problem we’ll also ask you to complete some simple questionnaires that help
determine how your symptoms and function changes over time.

Is there any risk related to receiving the osteopathic management program?
The process of developing the osteopathic management program will be based on your individual needs
identified by the researcher regarding movement restriction. The hands-on osteopathic manual therapy will
be delivered by Master of Osteopathy student Josh Miles under the clinical supervision of a registered
osteopath at the Unitec Osteopathic Teaching Clinic. The exercise program will involve stretching,
stabilising and endurance exercises focused on improving the overall range and quality of movement. One
supervised exercise session will be scheduled once per week for six weeks. This process will aim in
improving your overall movement quality using low risk methods of both active (corrective exercise) and
passive (manual therapy technique) methods as a combination treatment package in order to improve overall
performance of the individuals biomechanics.
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What will be required of me?
If you choose to participate you will need to undertake the following:
1.
2.

3.
4.
5.
6.

A brief telephone or personal conversation with one of the research team to confirm eligibility for the
project. A detailed explanation of the study will be provided at this stage.
We would like you to have some time to think about any questions you may have and about your
participation. You will receive a follow-up call to answer any questions relating to the study and to
confirm your participation in the study.
You will need to sign the consent form before participation in the study can commence.
You will be required to attend two data collection sessions in which we observe 30-40 golf swings
using a monitor to investigate your golfing performance measures and movement restrictions.
Video recordings will be made of your golf swing for the purpose of swing analysis
You will be required to attend six osteopathic treatments, once a week for six weeks at Clinic 41,
Unitec, Mt Albert.

The 1st data collection session involves:
1.

2.
3.
4.

Completing a patient specific functional movement analysis in order for you to provide information
based on what you would like to obtain from the osteopathic management program concerning
restriction to your performance and golf swing.
You will receive a movement screening assessment in order to identify areas of discomfort or
movement restriction that may be hindering your golf swing.
You will then be required to conduct 30-40 golf swings in order to record your golfing performance
prior to participating in the osteopathic management program.
Total time at this session will be approximately 1 hour.

Osteopathic management program:
1.

2.

3.

This will be a six week program where you will be required to attend once a week to Clinic 41,
Unitec, and Mt Albert for one osteopathic treatment session and one supervised gym session for
supervised exercise.
Corrective exercises will be prescribed based on the assessment findings. These exercises are
intended to be conducted at home in your own time on a daily basis and may require 10-minutes on
most days.
Please allow 75-minutes for each of these sessions.

The 2nd data collection session involves:
1.
2.
3.

This session is very similar to the 1 st but briefer.
You will conduct another 30-40 golf swing in order to record your golfing performance following the
completion of your osteopathic management program.
Total time at this session will be approximately 1 hour.

What do I need to bring on the day of the data collection sessions?
Bring your driver, 5-iron and a pair of shorts.
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Will I be able to withdraw whenever I want to?
Yes, you have the right to not participate, or to withdraw from this research project at any time until three
days following the 2 nd data collection session. This can be done by phone, email or in person.

Will the study be published or reported somewhere?
Yes, a report of the whole study will be presented as a thesis and will be available for public download
through the Unitec library. If you wish to receive a copy of this document please indicate this on the Consent
Form. In addition to the thesis, other reports or presentations of the study findings may be made in scientific
journals or conferences.

Will I receive further information on the progress of the study and results?
Yes, you will be asked by one of the researchers whether you want to receive this information. If you wish
we will send a brief email with a summary of the updated information on the progress of this study. You also
have the right to access the data collected from the project upon request. This information can also be sent to
you by email.

Will the information taken throughout the study be confidential?
We will ensure that the information you have given us is kept completely confidential. All the data collected
from our participants during the study will be anonymised and will be stored securely on a password protected
file so that only the researchers have access. Raw data will be stored for five years following the study and will
then be destroyed.

Consent
This information will be revised with you in person before the commencement of the study. This will give you the
opportunity for you to clear any doubts or concerns. Both verbal and written consent will be gained from you and
it is taken as an indication that you consent to participate in this study. As mentioned before, this consent does not
stop you from changing your mind if you wish to withdraw from the project. In addition to providing consent to
participate in the study, during the course of any consultation we will be discussing with you what manual therapy
treatment is appropriate and ensures you are comfortable with what is planned. If at any time during the treatment
you’re not comfortable please let us know and the treatment can be modified or stopped.

Who can I contact for further information, concerns or queries?
Please feel free to contact us at any time if you have any concerns, queries or require any further information about
the research project.

Student researchers:
Josh Miles
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Tel: 021498779
Email: miles_joshua@hotmail.com

Research Supervisor:
Rob Moran
Tel: 021 073 9984 or 09 815 4321 ext 8197
Email: rmoran@unitec.ac.nz

Thank you very much for your participation. If you have any questions at any time during the course of the
study or following the completion of the study, please don’t hesitate to contact us.

UREC REGISTRATION NUMBER: 2015-1026
This study has been approved by the UNITEC Research Ethics Committee from 30 June 2015 to 30 June
2016. If you have any complaints or reservations about the ethical conduct of this research, you may
contact the Committee through the UREC Secretary (ph: 09 815-4321 ext 8551. Any issues you raise will
be treated in confidence and investigated fully, and you will be informed of the outcome.
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Appendix 3: TiDier checklist

134

135

Appendix 4: Participant consent form

Participant Consent Form
Effect of osteopathic intervention and corrective exercise on golf performance: A prospective
case series
This research project is an investigation into the Effect of osteopathic intervention and corrective exercise effect
on golf performance. This research is being undertaken by Master of Osteopathy student Joshua Miles and
will be supervised by Robert Moran and Megan McEwen.

I have had the research project explained to me and I have read and understand the information sheet
given to me.
I understand that I don't have to be part of this research project should I chose not to participate and may withdraw
at any time prior to the completion of the research project.
I understand that everything I say is confidential and none of the information I give will identify me. I also
understand that all the information that I give will be stored securely on a computer at Unitec for a period of 10
years before disposal.
Would you like to receive a summary of the research findings: YES/NO
I understand that video recordings will be taken of my golf swing for the purpose of analysis only: Yes/No
I understand that the video will not be published and is for use of researchers only: Yes/No.
I have had time to consider everything and I give my consent to be a part of this project and I know who to contact
if I have any questions or concerns about the project.

The student researchers for this project are:
Joshua Miles

Tel: 021498779

Project email: miles_joshua@hotmail.com

The project is supervised by Rob Moran:
Tel: 021 073 9984 Email: rmoran@unitec.ac.nz

Participant Name: …………………………………………………………………….....
Participants Email: ……………………………………………………………………
Participant Signature: …………………………………………………………………….. Date: ……………………………
Project Researcher: ………………………………………………………………………. Date: ……………………………
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Appendix 5: Participant 1 Intervention Details
Week of

Osteopathic technique

intervention
Week 1

Right ankle articulation of the talocrural and subtalar joints, right hip articulation with harmonics
and circumduction, right iliopsoas inhibition, right gluteal medius inhibition, foraminal gapping
of the right hand side of the lumbar spine followed with harmonic articulation of the lumbar
spine, active release of tissues concerning the rotator cuff of the right shoulder (teres major,
infraspinatus and subscapularis) and muscle energy technique of latissimus dorsi bilaterally.

Week 2

Bilaterally the ankles were articulated in dorsiflexion, inversion and eversion which were then
turned into muscle energy technique for each vector of movement. The pelvis was adjusted
using the scissor muscle energy technique (right innominate posteriorised and left innominate
anteriorised). The right innominate was articulated into posteriorisation further in order to
alleviate the restricted right sacroiliac joint. Muscle energy technique was performed on the
right gluteal max and inhibition was performed on the right quadratus lumborum, piriformis and
iliopsoas muscles. Reinforced articulation of the lumbar spine was performed with primary
focus being flexion to reduce the lordosis of the Lsp. Spinsters technique was performed on the
thoracic spine in order to improve the amount of extension through the region. Bilaterally the
periscapular technique was performed in order to improve scapulothoracic movements. Active
release of tissues of teres major/minor was performed bilaterally and muscle energy technique of
the bilaterally rounded shoulders and latissimus dorsi was performed. The participant was
advised to be more aware of his posture during umpiring.

Week 3

BLT of the right ankle, articulation of the right subtalar joint and talocrural joint, inhibition of
the right iliacus and psoas tender points, muscle energy technique of the pelvis, traction of hips
bilaterally, lumbar spine wind-up muscle energy technique to improve rotation right and side
bending left and scapular repositioning (BLT).

Week 3: Corrective exercise therapy
Active
10 box squats 3 sets.

Passive
Longitudinal stretch of the gluteal muscles
bilaterally, muscle energy technique of the gluteal
max muscle bilaterally and gluteal stretch over the
table for 30 seconds bilaterally.

Dynamic hamstring stretch (10 pulses each leg).

Muscle energy technique of the hamstrings.
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1 minute modified Thomas stretch using the

Muscle energy technique of the quadriceps

Theraband of quadriceps bilaterally.

bilaterally.

Theraband rotator cuff exercises bilaterally for internal

Periscapular technique followed by active release of

external rotation using a medium strength Theraband,

tissues of the rotator cuff bilaterally.

10 pulses each movement each side.

Week 4: Corrective exercise therapy
Active
20 box squats with the Theraband around the knees.

Passive
Longitudinal stretch of the gluteal muscles
bilaterally, muscle energy technique of the gluteal
max muscle bilaterally and gluteal stretch over the
table for 30 seconds bilaterally.

Dynamic hamstring stretch (10 pulses each leg)

Muscle energy technique of the hamstrings

1 minute modified Thomas stretch using the

Muscle energy technique of the quadriceps

Theraband of quadriceps bilaterally.

bilaterally.

Theraband rotator cuff exercises bilaterally for internal

Periscapular technique followed by active release of

external rotation using a medium strength Theraband,

tissues of the rotator cuff bilaterally.

10 pulses each movement each side.

Week 5: Corrective exercise therapy
Active

Passive

30 Theraband box squats, 3 sets of 10

MET Gluteus maximus and medius supine

Theraband monster walking 4 lengths of the room

Gluteus maximus and medius longitudinal

for gluteal activation.

stretch followed by harmonics.

10 Lunges each side with an emphasised posterior

ART of quadriceps with Theraband.

tilt applied through pelvis.
Dynamic hamstrings stretch 15 pulses each side.

Supine MET HS.

Straight leg deadlift maintaining straight back

Prone ART of hamstrings with emphasis on

(utilizing broomstick). 10 slow and controlled

eccentric load.

movements of full ROM.
Kneeling to standing archetypal posture retraining,

Ankle, hip and lumbar articulation supine GOT

10 movements on each leg.

method.

10 Prone supermen’s, 2 sets.

Modified lumbar manipulation turned into MET.
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Quadruped opposite arm/leg 10 for each side.

Soft tissue with harmonics of the lumbar spine
erector spinae.

Seated broomstick thoracic rotations (Full ROM),

Articulation of thoracic spine (spinsters if

20 rotations each side with pause in the middle.

extension is required) turned into MET when
barriers are found.

Theraband rotator cuff exercises bilaterally for internal

MET and ART of rotator cuff musculature

external rotation using a medium strength Theraband,

(infraspinatus, subscapularis, teres major/minor).

10 pulses each movement each side.

Week 6: Corrective exercise therapy
Active

Passive

Theraband box squats, 3 sets of 15 reps.

MET Gluteus maximus and medius supine.

Single leg squats 10 each side

Gluteus maximus and medius longitudinal
stretch followed by harmonics.

10 Lunges each side with an emphasised posterior

ART of quadriceps with Theraband

tilt applied through pelvis.
Straight leg deadlift maintaining straight back

.Prone ART of hamstrings with emphasis on

(utilizing broomstick). 10 slow and controlled

eccentric load.

movements of full ROM.
10 Prone supermen, 2 sets.

Modified lumbar manipulation turned into MET.

10 prone cobras, 2 sets.

Semi-Sim’s technique of the QL.

Abdominal draw in with double knee to chest 10

Abdominal draw in with ART release of lumbar

repetitions, 3 sets.

ES.

Quadruped opposite arm/leg 10 for each side.

Soft tissue with harmonics of the lumbar spine
erector spinae.

Seated broomstick thoracic rotations (Full ROM),

Articulation of thoracic spine (spinsters if

20 rotations each side with pause in the middle.

extension is required) turned into MET when
barriers are found.

Theraband rotator cuff exercises bilaterally for internal

MET and ART of rotator cuff musculature

external rotation using a medium strength Theraband,

(infraspinatus, subscapularis, teres major/minor).

10 pulses each movement each side.
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Appendix 7: Participant 2 Intervention Details

Week of

Osteopathic technique

intervention
Week 1

All treatment options were performed on the right hand side of the participant. Articulation of
the right elbow with traction. Soft tissue was performed on extensor carpi ulnaris, extensor
carpi radialis, pronator teres, deltoid, traps, infraspinatus, supraspinatus and rhomboids. Muscle
energy technique was performed on extensor carpi ulnaris and pronator teres. Active release of
tissues was performed on teres major and latissimus dorsi. The periscapular technique was
performed on the right shoulder complex. The right side of the cervical spine received soft
tissue to the erector spinae muscles and the upper thoracic erector spinae muscles also.

Week 2

Bilaterally release of the plantar fascia, bilaterally articulation of subtalar, talocrural and
talonavicular joints, bilateral strain and counterstrain of plantar fascia followed by harmonics
bilaterally of the lower extremity. Muscle energy technique was performed on the left
innominate in order to posteriorise it to restore balance to the pelvis, followed by inhibition and
active tissue release of the left iliopsoas and piriformis muscles. Soft tissue was performed on
the left quadrates lumborum muscle and longitudinal stretch was further applied to the left
piriformis muscle. Inhibition with participant feedback was applied to the tensor fascia latae
and gluteal medius muscle left. The lumbar spine restriction was addressed using a modified
lumbar wind-up turned into a muscle energy technique. BLT was performed on the right
interoseous membrane of the right forearm, soft tissue was applied to the extensor compartment
of the right forearm, traction was applied to the radial head with supination and pronation
movements articulated during this process, the right shoulder received further work using
inhibition of the subscapularis muscle, soft tissue with harmonics of the right deltoid and seated
inhibition of the right traps. The cervical spine received articulation and soft tissue of the
erector spinae muscles.

Week 3

MET balancing the left innominate using the scissor mechanism, pelvic tilt BLT, MET long
leaver left SIJ dysfunction (base of table), traction of the lower extremity was applied inbetween techniques bilaterally, MET right hip internal rotation, MET bilateral gluteus maximus,
soft tissue of lumbar erector spinae muscles, Semisim's of left quadrates lumborum, springing of
ribs 2-10 bilaterally, and MET of thoracic rotation right.

Week 4

Cervical spine traction, sub-occipitals inhibition bilaterally, soft tissue right side cervical spine
erector spinae C2-7, and soft tissue of bilateral traps. Thoracic spine springing of ribs 2-10 and
soft tissue of T6-12 erector spinae muscles bilaterally. Lumbar spine soft tissue of L1-5 erector
spinae muscles bilaterally. Pelvis muscle energy technique in order to balance innominates and
reinforce change made to the pelvis. Bilateral periscapular technique to the shoulder girdle.
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Week 3: Corrective exercise therapy
Active

Passive

Box squats with Theraband 10 repetitions, 2 sets.

Gluteal inhibition bilaterally.

Quadriceps stretches with Theraband 1 minute each

Prone quadriceps MET bilaterally.

side.
Dynamic hamstrings stretch 10 repetitions each side.

Supine hamstrings MET bilaterally.

Gluteal stretch over the table 1 minute each side

Longitudinal stretch of gluteal's turned into
lumbar/thoracic erector spinae harmonics stretch
bilaterally.

Rotator cuff Theraband exercises for internal/external

Subscapularis inhibition turned into active tissue

rotations 10 reps each movement followed by

release.

broomstick stretch for external rotation of the
shoulder.

Week 4: Corrective exercise therapy
Active

Passive

Box squats with Theraband 10 repetitions, 2 sets.

Gluteal inhibition bilaterally.

Quadriceps stretches with Theraband 1 minute each

Prone quadriceps MET bilaterally.

side.
Dynamic hamstrings stretch 10 repetitions each side.

Supine hamstrings MET bilaterally.

Gluteal stretch over the table 1 minute each side

Longitudinal stretch of gluteal’s turned into
lumbar/thoracic erector spinae harmonics stretch
bilaterally.

Rotator cuff Theraband exercises for internal/external

Subscapularis inhibition turned into active tissue

rotations 10 reps each movement followed by

release.

broomstick stretch for external rotation of the
shoulder.
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Week 5: Corrective exercise therapy
Active

Passive

30 Theraband box squats, 3 sets of 10.

MET Gluteus maximus and medius supine.

Theraband monster walking 4 lengths of the room

Gluteus maximus and medius longitudinal stretch

for gluteal activation.

followed by harmonics.

Theraband quadriceps stretch 1 minute holds each

Prone MET quadriceps.

side.
10 Lunges each side with an emphasised posterior

ART of quadriceps with Theraband.

tilt applied through pelvis.
Dynamic hamstrings stretch 15 pulses each side.

Supine MET HS.

Straight leg dead-lift maintaining straight back

Prone ART of hamstrings with emphasis on

(utilizing broomstick). 10 slow and controlled

eccentric load.

movements of full ROM.
Kneeling to standing archetypal posture

Ankle, hip and lumbar articulation supine GOT

retraining, 10 movements on each leg.

method.

10 Prone supermen’s, 2 sets.

Modified lumbar manipulation turned into MET.

Quadruped opposite arm/leg 10 for each side.

Soft tissue with harmonics of the lumbar spine
erector spinae.

Theraband rotator cuff exercises bilaterally for

MET and ART of rotator cuff musculature

internal external rotation using a medium strength

(infraspinatus, subscapularis, teres major/minor).

Theraband, 10 pulses each movement each side.

Week 6: Corrective exercise therapy:
Active

Passive

Theraband box squats, 3 sets of 15 reps.

MET Gluteus maximus and medius supine.

Single leg squats 10 each side.

Gluteus maximus and medius longitudinal stretch
followed by harmonics.

Straight leg deadlift maintaining straight back

.Prone ART of hamstrings with emphasis on

(utilizing broomstick). 10 slow and controlled

eccentric load.

movements of full ROM.
10 Prone supermen, 2 sets.

Modified lumbar manipulation turned into MET.

10 prone cobras, 2 sets

Semisim’s technique of the QL.

Quadruped opposite arm/leg 10 for each side.

Soft tissue with harmonics of the lumbar spine
erector spinae.

Lat wall pulse 10 reps, 2 sets.

MET Latissimus dorsi
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Seated broomstick thoracic rotations (Full ROM),

Articulation of thoracic spine (spinsters if

20 rotations each side with pause in the middle.

extension is required) turned into MET when
barriers are found.

45 degree hip hinge (F) broomstick thoracic

Modified spinster’s technique of thoracic spine.

rotations (Full ROM), 20 rotations each side with
pause in the middle.
Theraband rotator cuff exercises bilaterally for

MET and ART of rotator cuff musculature

internal external rotation using a medium strength

(infraspinatus, subscapularis, teres major/minor).

Theraband, 10 pulses each movement each side.
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Appendix 9: Participant 3 Intervention Details

Week of

Osteopathic technique

intervention
Week 1

Bilaterally rectus femoris, vastus lateralis soft tissue and inhibition, circumduction bilateral hips,
BLT bilateral knees, bilateral knee harmonics with traction, soft tissue of thoracic spine erector
spinae muscles T2-8, periscapular technique bilaterally, inhibition of rotator cuff bilaterally
(subscapularis and teres major). Lumbar erector spinae muscle inhibition and soft tissue.
Iliopsoas inhibition bilaterally.

Week 2

Ankles bilateral articulation, calf pumping, MET bilateral gastrocnemius with harmonics of the
lower extremity following. Knees were bilaterally addressed using harmonic articulation with
traction, fluidic technique to improve drainage, post treatment the knees were able to be
circumference with two hands. Hips bilateral quadriceps inhibition with soft tissue harmonics.
Pelvis addressed iliopsoas right with inhibition and MET to the pelvis to restore balance of
innominates and a sacral float. Lumbar spine relieved the QL and Latissimus dorsi with
inhibition followed by MET. Shoulder bilaterally performed periscapular technique with
inhibition of subscapularis and teres major. Release of pectoralis muscles bilaterally with
inhibition and soft tissue as well as traps.

Week 3

Bilateral traction of the lower extremity, BLT patella, harmonics of the knees, soft tissue
quadriceps, soft tissue lumbar erector spinae muscle, soft tissue of bilateral QL, inhibition of
L3/4 erector spinae muscles and left hip hamstrings soft tissue followed by MET. Shoulder
bilaterally performed periscapular technique with inhibition of subscapularis and teres major.
Release of pectoralis muscles bilaterally with inhibition and soft tissue as well as traps.

Week 4

Bilateral articulation of subtalar and talocrural joints, inhibition of bilateral gastrocnemius,
harmonics and traction of bilateral knees, soft tissue of bilateral quadriceps, scissor MET pelvis,
inhibition iliopsoas bilaterally, inhibition of QL right, MET bilateral latissimus dorsi,
articulation of right shoulder, articulation of left wrist.

Week 4: Corrective exercise therapy
Active

Passive

Box squats, 10 reps 3 sets.

Gluteal longitudinal stretch with MET following.

Modified Thomas stretch 30 seconds each side.

Iliopsoas MET.

Quadriceps Theraband stretch 1 minute each side.

Quadriceps MET.

Hamstrings dynamic stretch 10 repetitions each side.

Hamstrings MET.

Theraband rotator cuff exercises 10 repetitions for

Rotator cuff MET with active tissue release of internal

each rotation movement.

external rotation.

148

Week 5: Corrective exercise therapy
Active

Passive

30 Theraband box squats, 3 sets of 10.

MET Gluteus maximus and medius supine.

Theraband monster walking 4 lengths of the room

Gluteus maximus and medius longitudinal stretch

for gluteal activation.

followed by harmonics.

Theraband quadriceps stretch 1 minute holds each

Prone MET quadriceps.

side.
Straight leg deadlift maintaining straight back

Prone ART of hamstrings with emphasis on

(utilizing broomstick). 10 slow and controlled

eccentric load.

movements of full ROM.
10 Prone supermen’s, 2 sets.

Modified lumbar manipulation turned into MET.

Abdominal draw in with double knee to chest 10

Abdominal draw in with ART release of lumbar

repetitions, 3 sets.

ES.

Lat wall pulse 10 reps, 2 sets.

MET Latissimus Dorsi.

Seated broomstick thoracic rotations (Full ROM),

Articulation of thoracic spine (spinsters if

20 rotations each side with pause in the middle.

extension is required) turned into MET when
barriers are found.

Theraband rotator cuff exercises bilaterally for

MET and ART of rotator cuff musculature

internal external rotation using a medium strength

(infraspinatus, subscapularis, teres major/minor).

Theraband, 10 pulses each movement each side.
Theraband lateral raises10 reps, 2 sets.

Periscapular technique.

Week 6: Corrective exercise therapy
Active

Passive

Theraband box squats, 3 sets of 15 reps.

MET Gluteus maximus and medius supine.

Single leg squats 10 each side.

Gluteus maximus and medius longitudinal stretch
followed by harmonics.

10 Lunges each side with an emphasised posterior

ART of quadriceps with Theraband

tilt applied through pelvis.
Straight leg deadlift maintaining straight back

Prone ART of hamstrings with emphasis on

(utilizing broomstick). 10 slow and controlled

eccentric load.

movements of full ROM.
10 Prone supermen, 2 sets.

Modified lumbar manipulation turned into MET.

10 prone cobras, 2 sets.

Semisim’s technique of the QL.

Quadruped opposite arm/leg 10 for each side.

Soft tissue with harmonics of the lumbar spine
erector spinae.

45 degree hip hinge (F) broomstick thoracic

Modified spinster’s technique of thoracic spine.
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rotations (Full ROM), 20 rotations each side with
pause in the middle.
Theraband rotator cuff exercises bilaterally for internal

MET and ART of rotator cuff musculature

external rotation using a medium strength Theraband,

(infraspinatus, subscapularis, teres major/minor).

10 pulses each movement each side.
Theraband lateral raises10 reps, 2 sets.

Periscapular technique.
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Appendix 11: Participant 4 Intervention Details
Week of

Osteopathic technique

intervention
Week 1

Articulation of the right ankle, soft tissue of right gastrocnemius with inhibition, soft tissue with
inhibition of left gluteus maximus and medius, active tissue release of right latissimus dorsi,
foraminal gapping of right lumbar spine, bilateral soft tissue of T6-12 erector spinae muscles,
inhibition of the right quadrates lumborum muscle, inhibition of left iliopsoas muscle, traction of
the left hip/lower extremity, articulation of the right SIJ.

Week 2

Bilaterally ankle dorsiflexion articulation followed by MET, bilateral inversion/eversion
articulation of the ankle, articulation of sub-talar + talocrural joints with soft tissue and
inhibition of the right gastrocnemius muscle. The pelvis was then stabilized with the aim of
improving ROM through the right SIJ. Traction of the hips bilaterally and SIJ was applied,
MET of the right SIJ, strain counterstrain was applied to the right iliopsoas muscle followed by
inhibition turned active tissue release, articulation of the right innominate (posteriorisation
turned into MET). Inhibition with harmonics was applied to the right gluteal medius,
piriformis, QL and L2-4 erector spinae muscles. Bilaterally the periscapular articulation was
applied, followed by over the mountain articulation of the glenohumeral joint, MET to reduce
the appearance of rounded shoulders, seated trap and 1 st rib release.

Week 3

Due to improved SFMA scores the same treatment method was applied this week in order to
further reinforce the changes made.

Week 4: Corrective exercise therapy
Active

Passive

Box squats 10 reps 3 sets

Gluteal longitudinal stretch with MET following.

Modified Thomas stretch 30 seconds each side

Iliopsoas MET

Quadriceps Theraband stretch 1 minute each side.

Quadriceps MET

Hamstrings dynamic stretch 10 repetitions each side.

Hamstrings MET.

Theraband rotator cuff exercises 10 repetitions for

Rotator cuff MET with active tissue release of internal

each rotation movement

external rotation.
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Week 5: Corrective exercise therapy
Active

Passive

30 Theraband box squats, 3 sets of 10.

MET Gluteus maximus and medius supine.

Theraband monster walking 4 lengths of the room

Gluteus maximus and medius longitudinal stretch

for gluteal activation.

followed by harmonics.

10 Lunges each side with an emphasised posterior

ART of quadriceps with Theraband.

tilt applied through pelvis.
Straight leg deadlift maintaining straight back

Prone ART of hamstrings with emphasis on

(utilizing broomstick). 10 slow and controlled

eccentric load.

movements of full ROM.
Kneeling to standing archetypal posture

Ankle, hip and lumbar articulation supine GOT

retraining, 10 movements on each leg.

method.

10 Prone supermen’s, 2 sets.

Modified lumbar manipulation turned into MET.

Quadruped opposite arm/leg 10 for each side.

Soft tissue with harmonics of the lumbar spine
erector spinae.

Lat wall pulse 10 reps, 2 sets.

MET Latissimus dorsi

Seated broomstick thoracic rotations (Full ROM),

Articulation of thoracic spine (spinsters if

20 rotations each side with pause in the middle.

extension is required) turned into MET when
barriers are found.

Theraband rotator cuff exercises bilaterally for

MET and ART of rotator cuff musculature

internal external rotation using a medium strength

(infraspinatus, subscapularis, teres major/minor).

Theraband, 10 pulses each movement each side.

Week 6: Corrective exercise program
Active

Passive

Theraband box squats, 3 sets of 15 reps.

MET Gluteus maximus and medius supine.

Single leg squats 10 each side.

Gluteus maximus and medius longitudinal stretch
followed by harmonics.

Straight leg deadlift maintaining straight back

.Prone ART of hamstrings with emphasis on

(utilizing broomstick). 10 slow and controlled

eccentric load.

movements of full ROM.
10 Prone supermen, 2 sets.

Modified lumbar manipulation turned into MET.

10 prone cobras, 2 sets

Semisim’s technique of the QL.

Quadruped opposite arm/leg 10 for each side.

Soft tissue with harmonics of the lumbar spine
erector spinae.

Lat stretch in door way 1 minute each side

Longitudinal stretch of Latissimus dorsi.

Seated broomstick thoracic rotations (Full ROM),

Articulation of thoracic spine (spinsters if
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20 rotations each side with pause in the middle.

extension is required) turned into MET when
barriers are found.

Theraband rotator cuff exercises bilaterally for

MET and ART of rotator cuff musculature

internal external rotation using a medium strength

(infraspinatus, subscapularis, teres major/minor).

Theraband, 10 pulses each movement each side.
Theraband lateral raises10 reps, 2 sets.

Periscapular technique.
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Appendix 13: Home-based exercises

Exercise purpose and aim:
Warm up exercises that are

Exercises:
1.

http://www.acc.co.nz/preventing-injuries/playing-

developed in order to aid in

sport/sportsmart-10-point-plan/warm-up-cool-down-and-

injury prevention and improve

stretch/pi00115

golfing performance.

2.

http://www.acc.co.nz/preventing-injuries/playing-

Exercises were to be

sport/sportsmart-10-point-plan/warm-up-cool-down-and-

completed 3 times per week

stretch/PI00114

and prior to play.

Corrective exercises designed

1.

Prayer – cat – camel

to treat and prevent golf

2.

Supine butt lifts with arms at side

swing faults (slide, sway and

3.

Supine pelvic tilt exercise

early hip extension).

4.

Supine dead bugs

Exercises were to be

5.

Hip bar hinges

completed during week 4 with

6.

Windmills

3 sets of 10 reps for each

7.

Diassociation planks

exercise three days per week

8.

Search and destroy with calf stretch

and 5 days per week during

9.

STORK turns supported

weeks 5-6 of the study.

10. Hip drops
11. Open clam shells
12. Squat and lunge holds (isometric)
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