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Abstract

Background: Wave surfing will debut in the next Olympic Games and is increasingly popular as a sport. Chronic
shoulder complaints are frequently reported amongst surfers, though literature researching its pathophysiology and
prevention is scarce. This article provides an overview of the current literature, proposes a potential pathogenesis
and a potential physiotherapeutic prevention program for surf-induced shoulder complaints.

Methods: A systematic review was performed considering the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines for articles regarding kinematic analysis of the surf paddling movement.
Data sources were Embase, MEDLINE (PubMed) and Research gate. We included case series and cohort studies that
originally studied or described the paddle movement made by wave surfers, studies that reported on kinesiologic
analysis with nerve conduction studies and studies on 3D motion analysis of the shoulder while paddling.

Results: Eight original articles were included that analysed the shoulder movement in paddling surfers. Muscles
that are active during paddling are mainly internal rotators and muscles that are involved in shoulder flexion.
Internal rotators are active in propelling the surfer through the water, though external rotator strength is only used
while the arm is out of the water.
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and to stretch the internal rotators.

extension and scapulothoracic movement.

Discussion: In surfers with shoulder complaints, external rotation range of motion and external rotation strength are
impaired. Scapulothoracic dyskinesis may occur and subacromial pain syndrome may coincide. Further research should
address potential pectoralis minor shortening, which may lead to aberrant scapular tilt and lateral rotation of the
scapula. The surfer's shoulder is characterised by external rotation deficit, as opposed to internal rotation deficit in the
thrower's shoulder, and it differs substantially from shoulder complaints in swimmers. Therefore, a specific prevention
or rehabilitation protocol for surfers is required. Decreased thoracic extension may thereby alter the risk of scapular
dyskinesis and hence increase the risk of impingement around the shoulder joint. A potential physiotherapeutic
prevention programme should address all these aspects, with the main goal being to increase external rotator strength

Conclusion: There is a high incidence of chronic surf-induced shoulder complaints in surfers. Symptoms may arise due
to imbalanced training or scapular dyskinesis, which may subsequently trigger subacromial pain. Physiotherapeutic
prevention should include stretching of the internal rotators, external rotator training and optimisation of thoracic

Keywords: Surfing, Shoulder complaints, Chronic shoulder complaints, Dyskinesis, Muscular imbalance

Key Points

e Muscles that are active during paddling are mainly
internal rotators and muscles that are involved in
shoulder flexion.

e In surfers with shoulder complaints, external
rotation of the shoulder is impaired. Muscles that
are involved in internal rotation of the shoulder may
be shortened, leading to aberrant scapular tilt and
lateral rotation. Subsequent scapulothoracic
dyskinesis may occur and subacromial pain
syndrome may coincide.

e Physiotherapeutic prevention should include
stretching of the internal rotators, external rotator
training and optimisation of thoracic extension and
scapulothoracic movement.

Introduction

The popularity of wave surfing as a sport is increasing.
In 2013, it was estimated that there were over 17 million
wave surfers worldwide [1]. With a growing number of
surfers, surf-related injuries will increase, resulting in a
rise in those presenting to medical professionals with
their surf-induced injuries and return-to-sport questions.
In 2021 wave surfing will be part of the Olympic Games
for the first time, which will enhance the medical scien-
tific interest in the sport.

Field studies performed in competitive and recre-
ational surfers showed that the majority of the time (44—
61%) in the water is spent paddling, consisting of many
repetitive overhead movements [2—9]. Given this, injury
due to shoulder overload seems probable. However, re-
search regarding chronic shoulder complaints in surfers
is scarce.

The reported incidence of chronic shoulder injuries in
surfers in literature is 10—27%. (22.4% of 1348 [10]; 27% of

62 [11]; 18% of 477 [12]; and 10.3% of 136 [13]). Most au-
thors emphasise that these injuries were not caused by a
former acute injury. One study reported a high incidence
in acute-on-chronic surf-induced shoulder injuries [14].
Impingement is also frequently reported. A questionnaire
amongst European physiotherapists revealed a high per-
centage of shoulder complaints amongst their surfing
population. A large amount comprised of chronic shoul-
der complaints, such as impingement symptoms (Elec-
tronic Supplementary Material Appendix S2). In a small
case series 23% of the professional surfers that were inter-
viewed reported impingement symptoms, and 31% said to
have a tendonitis [15]. Amongst 25 surfers of different
levels, 76% had bilateral shoulder complaints and as many
as 63% reported impingement symptoms [16]. Overuse in-
juries of neck, lower back and shoulder are common in
recreational surfers [17, 18]. The highest frequency of
chronic injuries in surfers is seen in the shoulder and the
lumbar spine [10]. A study which measured the shoulder
elevation capacity in a group of surf life savers [19] found
a significantly negative correlation between hours of board
paddling and shoulder elevation. It is thus probable that
there is a link between repetitive shoulder exertion during
the surf paddling motion and chronic injury in the shoul-
ders of surfers, though research on the potential patho-
physiological mechanism is scarce. This highlights a need
for structured medical research on this topic.

The questionnaire amongst physiotherapists also
showed that none of the respondents that regularly
treated surfers used a surf-specific protocol (Electronic
Supplementary Material Appendix S2). It would there-
fore be interesting to compare the surf paddling motion
analysis to research regarding overhead sports which are
known to cause overuse injury in the shoulder, such as
the thrower’s shoulder, glenohumeral internal rotation
deficit (GIRD) and shoulder complaints in swimmers;
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and propose a surf-specific protocol if important differ-
ences emerge.

The aim of this review is therefore to evaluate the lit-
erature on kinematic analysis of the surf paddling move-
ment; it strives to identify the potential pathogenesis of
chronic shoulder complaints in surfers and proposes a
physiotherapeutic prevention program.

Methods
Our research group consisted of an international team
of physiotherapists (FK, SH), motion scientists (MM),
residents in orthopaedic surgery (LL and M]J) and ortho-
paedic surgeons (GVL and DE), who all evaluated the in-
cluded literature from their specific expertise. The group
forms the Surfer’s Shoulder Research Group of Surfing
Medicine International, a non-profit organisation. Via
international Skype meetings, agreement was reached
within the group regarding terminology and range of
motion description. Studies were regarded eligible if ori-
ginal data from case series or cohort studies was pub-
lished which studied or described the paddle movement
made by wave surfers, if a kinesiologic analysis was per-
formed with nerve conduction studies (or electromyog-
raphy (EMG)) or which included 3D motion analysis of
the shoulder while paddling. Kinematic analyses were in-
cluded that described original data, tested in either a wet
or dry lab, with or without wetsuit.

An electronic literature search was conducted in October
2019 using MEDLINE (PubMed) and the Embase databases
to identify previous studies describing the different phases of
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the surf paddle motion or an analysis of the muscles that are
active during paddling. The search terms and strategies that
were used in PubMed are supplied in the Electronic Supple-
mentary Material as Appendix S1. A systematic strategy fol-
lowing the PRISMA guidelines was used. Figure 1 shows an
overview of the search process. “Other resources” include
Research gate and personally obtained copies gained at con-
ferences or via email conversations with peers. The search re-
sult was screened for eligibility by at least two researchers,
LL, FK, SH or GVL, who independently determined whether
an article could be included in the review process. If there
was doubt regarding eligibility, inclusion was discussed in
digital meeting with all authors.

Results

Surf Paddling Kinematics

An overview of articles that analysed the surf paddling
movement can be found in Table 1.

Only one study described the separate phases of the
surf paddling movement in the shoulder [20]. One art-
icle mentioned the movement of the shoulder joint while
paddling, but it remains unclear whether the author re-
fers to a surfer in the prone position (lying on the board)
or knee paddling [19]. Only two articles were found that
published original EMG data or 8 Vicon Camera analysis
of muscle activity during the surf paddling movement
[20, 21]. Many of the articles that did study the surf pad-
dling motion using EMG data did not publish the activ-
ity in the separate muscle groups and focused on
endurance or performance. A summary of muscle
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Fig. 1 PRISMA flowchart revised
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Table 1 An overview of articles that analysed or described surf paddling kinematics

Study Study type Focus N Findings
Surf kinematics
Nessler et al. ~ Cohort study — Wetsuit vs non-wetsuit effect on muscle activa- 12 -Mid deltoid, infraspinatus and upper trapezius peaks at
2015 [20] tion in paddling; EMG/8 camera Vicon analysis recovery phase
-Peak triceps brachii, erector spinae and LD during
propulsion phase
-Mid trapezius activity peak at the end of propulsion.
Nessler et al. ~ Cohort study LD, upper + mid trapezius, post + mid deltoid 12 -Mid deltoid, post deltoid and trapezius most active at the
2019 [21] surface EMG changes at different water velocities start of paddle motion
-LD is most active in mid-stroke.
-LD: propulsion
-Deltoid: arm placement and return
-Trapezius: scapular rotation
Carter et al. Cohort and Shoulder elevation in relation to paddle 54 Negative correlation between hours of board paddling and
2015 [19] literature activities® shoulder elevation scores.
study Paddle movement (no original data):
-Starts in a forward flexed position with scapula
protraction, glenohumeral abduction and flexion to catch
the water.
-Glenohumeral IR and extension follows while the thorax
extends.
Consistent cycling through these positions predisposes to
impingement.
-IR is a dominant movement, propelling the surfer, mainly
by pectoralis major, LD and subscapularis.
-Decreased ER may result as result of subsequent tightness,
limiting scapular posterior tilt.
Posture and ROM
Furness et al.  Retrospective  Retrospective analysis of chronic injuries in 1348 -Prolonged paddling is leading cause of chronic shoulder

2014 [10] cohort study  surfers

McBride and  Cross- Identification of shoulder complaints in

Fisher 2012 sectional professional surfers

[15] study

Lassalle etal. ~ Cohort study  Physical examination of surfers with and without 25
2012 [16] shoulder complaints

Shoulder strength in surfing

Furness et al.  Cohort study

2018 [22] professional surfers and reliability of testing.
Madeira et al. ~ Cohort study  Compares IR in surfers to reference population 5
2019 [23]

Internal to external strength ratio examined in 21

injuries.
-Shortening of the muscle units of the shoulder muscles
may result in muscular imbalance.

15 Clinical findings in 30 shoulders:
-4/30 tendonitis
-3/30 impingement.
-8/30 had winging of the scapula during shoulder
abduction.
-2/30 had active signs of external impingement
-3/30 had grade | anterior instability

76% of surfers had shoulder pain

In the painful group:

-Impingement in 53-63%

-ER decreased compared to the non-painful group

More strength in IR muscles compared to ER muscles
Comparable to other sports with repetitive overhead arm
movements

In surfers: higher values for IR and smaller percentage for
ER/IR ratio compared to reference population

IR internal rotation, ER external rotation, EMG electromyography, ROM range of motion, LD latissimus dorsi muscle

#Prone paddling and knee paddling are both mentioned

activity that could be extracted from the literature can
be found in Table 2.

The data found in the EMQG analysis of the surf paddle
motion was consistent with data from front crawl swim-
ming [21]. If the same phases are applied to surf pad-
dling, the paddling movement would also start with a
propulsive phase after the hand has entered the water
(Table 2). This propulsive phase may be divided into a
“pull phase” and a “push phase”.

The main active muscles during propulsive action (pull
and push) are the pectoralis major, latissimus dorsi and
subscapularis [19, 24, 25]. In the propulsion phase, a
peak in activity of triceps brachii, erector spinae and
latissimus dorsi were recorded in EMG studies [20, 21].
The humerus mainly internally rotates and flexes in the
shoulder joint, while pulling and pushing the body
through the water [19]. In surfers, erector spinae pro-
vides stability for forceful shoulder flexion and elbow
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Table 2 Muscle activity during the separate phases of paddling in surfing

Propulsive phase

Recovery phase

Pull phase Push phase

[ e

Thorax extension
- Erector spinae
Shoulder flexion
- Pectoralis major
- Triceps brachii

extension

- Latissimus dorsi
- Mid trapezius
Internal rotation
- Subscapularis

Glenohumeral extension 90° flexion to 1

0°

Humeral elevation

- Deltoid

- Supraspinatus

Humeral head stabilisation prevention of superior
translation

- Rotator cuff

extension [20], the thorax is extended [19, 26] and there
is no axial rotation of the spine, contrary to swimming.
The primary muscles that now contribute to propulsion
of a surfer include mainly the pectoralis major and the
triceps brachii [21]. During the push phase, the gleno-
humeral joint is extending (from 90° flexion to 10° ex-
tension), adducting and internally rotating. At the end of
the push phase, the mid trapezius shows an EMG activ-
ity peak [20].

When the arm is lifted out of the water, the recovery
phase starts. In humeral elevation, the deltoid muscle is
of main importance [20, 27], followed by the supraspina-
tus. To prevent the humeral head from superior transla-
tion during deltoid contraction, the remaining rotator
cuff muscles stabilise the glenohumeral position when
the arm is flexed forward [28]. Eight camera Vicon mo-
tion analysis of surfers shows middle deltoid, infraspina-
tus and upper trapezius peaks in the recovery phase

[20]. The middle deltoid is most active in the late recov-
ery phase [20].

Discussion

Potential Pathophysiological Pathway of Chronic Surf-
related Shoulder Complaints

An overview of the potential causes of chronic shoulder
complaints in surfers can be found in Table 3.

We conclude from our kinematic analysis review that
the only moment when the shoulder externally rotates is
when the arm is out of the water. Pectoralis major and
subscapularis are thus well-trained against resistance,
whilst the external rotators are only used against gravity.
This complies with a study that hypothesised that an im-
balance between internal and external rotators may pre-
dispose to muscle tightness and opposed weakness [35]
and with two studies that found relatively impaired ex-
ternal rotation strength in wave surfers [22, 23].

Table 3 Potential pathological pathways of development of chronic surf-induced shoulder complaints

Diagnosis Pathophysiologic mechanism  Causes References
Muscular imbalance/ Imbalanced training of external ~ External rotation only occurs when the arm is out of the water, [16, 19-23]
scapulothoracic dyskinesis and internal rotators Pectoralis major, subscapularis and latissimus dorsi well trained in
propelling movement of paddling

Muscle fatigue [25]
Impairment of subacromial Cycling movement of flexed Possible anterior glenohumeral displacement. [19, 29, 30]
space predisposing forward and internally rotated Possible repetitive decrease of subacromial space
impingement shoulder.

Forcible elevation at start of pull  Comparable to Neer sign [31]

phase.

Decreased thoracic extension Possible repetitive decrease of subacromial space [10, 16, 31]
External factors Material: wetsuit strain Impaired ROM, faster cuff fatigue, higher deltoid activity [20, 271

Environmental factors Water temperature, current/water flow [4, 21]

Material: board type More shoulder complaints in longboarders [16]
Further research required; Shortening of pectoralis minor? Anterior scapular tilting [16, 19, 28,
applicable to surfers? 29, 32, 33]

Neuropathy of suprascapular Impaired external rotator strength leading to scapular dyskinesis [34]

nerve or thoracic longus nerve?




Langenberg et al. Sports Medicine - Open (2021) 7:2

In popular surf literature and in surf tutorials, instruc-
tors recommend to keep the elbow elevated in the re-
covery phase [36, 37]. It would be interesting to further
research how this slight external rotation in the shoulder
joint influences the balance of the surrounding muscles
or to compare the technique of surfers with shoulder
complaints to those without.

Only one of the studies that were found following the
systematic search included the pectoralis minor muscle
in their analysis [16]. No significant difference was found
between groups of surfers with and without shoulder
complaints; however, the conclusion was that the tests
used may not be suitable for surfers. The pectoralis
minor is known to cause scapula downward rotation, in-
ternal rotation and anterior tilt of the scapula [28]. A
shortened pectoralis minor muscle may lead to altered
scapular movement in shoulder flexion [32]. Patients
with a short resting length of the pectoralis minor
muscle may have scapular kinematic patterns that are
also seen in patients with subacromial pain [28]. This
may be explained by increased scapular protraction that
leads to narrowing of the subacromial space [29].
Current clinical research by one of the authors suggests
a painful triggerpoint at the coracoid process in surfers
with shoulder complaints, a study in volleyball players
showed this may imply high tension or tendonitis
around the pectoralis minor muscle [33]. It would be in-
teresting to test pectoralis minor activity and effects on
scapular tilt and subacromial pain in surfers.

Potentially some external or environmental factors
are also of influence. Kinematic research showed a
significantly higher activity in the deltoid muscle if a
2-mm neoprene wetsuit was worn [20, 27] or when
water velocity in a pool was increased [21]. Former
research thereby proved that environmental factors
when surfing in the ocean are of influence on phys-
ical demands [4]. Most kinematic analyses of the surf
paddle movement were however performed in a con-
trolled environment, like a swimming pool or a dry
laboratory. Environmental or material factors should
be included in future research that addresses shoulder
complaints in surfers.

The role of muscle fatigue should be researched more
thoroughly. Though some literature states against influ-
ence of weakness after a certain time of exertion, tested
exposure time was short [20, 27]. A study that analysed
front crawl swimming showed continuous activity of the
serratus anterior and subscapularis, and emphasised that
these muscles may thus be susceptible to fatigue [25]. In
a study that analysed 78 competitive swimmers without
shoulder complaints, scapular dyskinesis was found in
82% following a swim training. The researchers postu-
lated that the muscle imbalance might be due to muscle
fatigue and potentially precedes shoulder pain due to the
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stress on the labrum, anterior capsule and supraspinatus
tendon [29]. This may also be true for surfers.

Potential Explanation for Subacromial Pain

When the humerus is flexed forward and internally ro-
tated, superior and anterior glenohumeral displacement
may be noted [30]. By consistently cycling through a pad-
dling movement, the subacromial space may thus be re-
petitively decreased, which may predispose board paddlers
to subacromial pain [19, 29]. Excessive upper trapezius
training may also be associated with subacromial pain
[28]. This is one of the muscle groups that plays an active
role in shoulder abduction, so surfers may be more prone
to subacromial pain [25]. The forcible elevation that
occurs when the hand is placed in the water thereby yields
comparable forces on the muscles surrounding the shoul-
der as the Neer sign. Hence, repetitive forced shoulder ele-
vation may lead to subacromial pain syndrome [31]. The
subacromial space is thereby also narrowed if the trunk
does not adequately extend [10].

The Surfers’ Shoulder Compared to Shoulder Complaints
in Overhead Sports

In the case of an abnormal scapula position or movement,
a patient is said to have scapular dyskinesis and may result
in shoulder pain [38]. Some authors state that scapular
dyskinesis will be present in every overhead athlete with
shoulder pain [29], because training or muscle fatigue may
induce aberrant scapular movement. However, there is no
certainty that a subject will develop shoulder complaints if
scapular dyskinesis is present [39].

In overhead athletes, this scapular imbalance may be
caused by disturbed scapular protraction, or anterior
scapular tilt [29, 38]. Scapular protraction is important
in shoulder flexion and internal rotation, and is mainly
effected by the serratus anterior and the pectoralis minor
muscles. In a questionnaire study amongst 422 volleyball
players, 60% reported shoulder complaints. An associ-
ation was found between shoulder pain and asymmetric
coracoid tightness or pectoral shortening [33].

Neuropathy of the suprascapular nerve with conse-
quent infraspinatus weakness or atrophy may also be a
cause of shoulder complaints in overhead sports [34].
Clinically, infraspinatus atrophy may be seen, resulting
in impaired external rotation and excessive scapular pro-
traction. Repetitive traction on the nerve due to extreme
shoulder positions, formation of synovial cysts and ec-
centric infraspinatus contractions may play a role, ac-
cording to a review including tennis, baseball and
volleyball players [34]. It is possible that such neur-
opathy is also present in surfers.

The condition known as the thrower’s shoulder, that
may be present in for example baseball players, gives rise
to an internal rotation deficit via several pathologic
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SH, who gave permission for open access publication

Fig. 2 While seated, the elbow rests on the knee (A1), the forearm is moved from a horizontal position to a vertical position (A2). Purpose:
external rotator strengthening. Lying on one side with a straightened leg, the upper leg has the knee flexed in 90° (B1). A circular movement is
made with the upper arm while attempting to keep the thumb in contact with the floor until 180° of shoulder extension is reached (B3). The
elbow should remain extended. Purpose: increasing shoulder mobility. While lying down in prone position, slightly extend the lower spine (like
the paddle position on a surf board). Starting with the arms in 90° abduction (C1), the elbows are pulled down so the arms are in 45° abduction
(C2). This position may be advanced by adding some external rotation and retroflexion to reach a maximal downward rotation of the scapula
and hence enhance scapular posterior tilt and downward rotation. The arms are then brought to 135° abduction (C3) and repositioned as in C2
(C4). Purpose: scapular retraction training in combination with external rotator strengthening. All photographic materials are original work from

pathways [40]. Often a superior labrum tear from anter-
ior to posterior (SLAP) or a partial cuff tear is present,
that is associated with internal impingement in the
shoulder joint. The movement that predisposes these in-
juries is when the shoulder is in extension, external

rotation and abduction, which occurs during the first
phase of throwing [41]. If a SLAP lesion is present, a
posterior capsule contraction can develop, which may
cause additional posterior shoulder pain and a gleno-
humeral internal rotation deficit (GIRD). Surfers on the
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contrary mainly proved to have an external rotation def-
icit [16, 19, 22], and internal rotation strength is in-
creased in surfers [22]. One study addresses potential
anterior impingement in surfers if the shoulder is flexed
[16]. Future research could focus on clinical or radio-
logical evaluation of capsular reactions or internal im-
pingement in the shoulder joint in surfers.

There are some similarities between the surf paddle
movement and the front crawl stroke in swimming. The
same propelling and recovery phases may be identified.
The position of the arm at the start of a front crawl
movement, when the fingers enter the water, is a forced
elevation of the arm, like in the Neer sign [31]. This also
applies to surfing. In swimmers with unilateral shoulder
complaints, the scalene muscles showed a high activa-
tion [42]; the same is potentially true for surfers. For
shoulder complaints in swimmers, stroke analysis has
been proposed as a preventative measure [24]. Poten-
tially, technical analysis of paddling technique may also
be beneficial in the prevention of the development of
shoulder complaints.

Several large differences between swimmers and pad-
dling surfers should be noted: while swimming the free-
style stroke, a swimmer rotates around a longitudinal
axis, with the head held in line with the body. A surfer
on the contrary faces forward with the neck and the
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thorax in extension, with concomitant lumbar lordosis.
Both are associated with scapular dyskinesis [43—-45].

Surf-Specific Training and Rehabilitation

In a pilot study that included an interview of 28 physio-
therapists, none of them worked with a surf-specific re-
habilitation protocol (Electronic Supplementary Material
Appendix S2). In literature, suggestions were made to
add a structured training program for rotator cuff and
upper body strength to the overall training of competi-
tive surfers [46]. Other authors stated that implementing
strengthening of opposing muscles that are not utilised
during paddling may contribute to better muscle balance
and may thus prevent shoulder complaints [35].

In the case of swimmer’s shoulder, articles have
been published that propose an extensive “dry-land”
training program [24]. Based on the literature
included in this article, we would propose a preven-
tion program for surfers that includes internal rota-
tion stretches and external rotation muscle training.
Figure 2 presents an overview of external rotator
training exercises, and Figs. 3 and 4 show internal ro-
tator stretch exercises. Analysis of thoracic extension
and scapulothoracic movement should thereby be in-
cluded to prevent subacromial space narrowing.

Fig. 3 While standing up straight, a stick is held to the thighs with the palms of the hands facing backwards (A). One arm is brought up (B, C)
and behind the back (D). Then, the other arm is moved up (E) and brought forward (F). Repeat the exercise starting with the other arm. Purpose:
internal rotator stretches. All photographic materials are original work from SH, who gave permission for open access publication

\4!,’{\
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Fig. 4 While standing up straight, the hands are folded behind the
back. Thoracic extension is performed with retraction of the
scapulae. Purpose: stretching pectoralis minor, retracting scapulae.
All photographic materials are original work from SH, who gave

permission for open access publication

Conclusion
Chronic surf-induced shoulder complaints are common,
yet poorly analysed. Especially because surfing will debut
in the Olympic Games in 2021, we believe that thor-
oughly performed research on this subject may yield a
lot of valuable knowledge. We thereby conclude that the
movement made by surfers while paddling, differs from
the known pathophysiologic pathways of shoulder com-
plaints in other overhead sports. Further research that
focuses solely on wave surfers is therefore necessary.
When systematically analysing the muscle activity in
surf paddling, we came to the conclusion that an imbal-
ance seems to exist between the use of internal and ex-
ternal rotators of the shoulder. Pectoralis minor
shortening may result, leading to aberrant scapular tilt
and lateral rotation, but further research to address the
involvement of this specific muscle is needed. Scapu-
lothoracic dyskinesis may occur, potentially aggravated
by muscle fatigue, and subacromial pain syndrome may
coincide. Decreased thoracic extension may thereby alter
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the risk of scapular dyskinesis and hence increase the
risk of impingement around the shoulder joint. A poten-
tial physiotherapeutic prevention programme should ad-
dress all these features. Neurological impingement,
wetsuit strain, thoracic extension and environmental fac-
tors may influence shoulder and scapulothoracic move-
ment and therefore enhance the potential for shoulder
complaints to occur.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/540798-020-00289-0.

Additional file 1. Search string used in PubMed.

Additional file 2. Incidence of surf induced shoulder complaints in
physiotherapy practices in the Netherlands.

Abbreviations

EMG: Electromyography; ER: External rotation; GIRD: Glenohumeral internal
rotation deficit; IR: Internal rotation; LD : Latissimus dorsi muscle; PRIS

MA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses;
ROM: Range of motion; SLAP: Superior labrum tear from anterior to posterior

Acknowledgements

Open access publication costs were covered by the Amphia research fund,
Amphia, Breda, the Netherlands. The authors thank Nicole Masal for being a
model for the separate exercises in the physiotherapeutic treatment
protocol.

Code Availability
Not applicable.

Authors’ Contributions

The PRISMA guided search was performed by LL, second author selection for
eligibility was done by FK, GVL and SH. The manuscript was written by LL, with
contribution from all authors by regular discussions via online conference calls. MJ
read and corrected the manuscript as a native speaker, MM and DE supervised
quality, methodology and writing process. All authors edited the contents from their
respective fields of interest. All authors read and approved the final manuscript.

Authors’ Information

The authors are united via Surfing Medicine International, a non-profit organ-
isation dedicated to uniting (para)medical professionals with an interest in
the surf sport and with a mission to increase medical knowledge regarding
wave surfing. Professor Eygendaal joined the team to supervise the writing
process and ensure methodological quality. Professor Moreira is involved in
preparations for the next Olympic Games with the Portuguese Olympic surf
team.

Funding
No sources of funding were used to assist in the preparation of this article.

Availability of Data and Materials

The search string for this article and the poster of the survey performed by
FKand LL that was presented at the annual Surfing Medicine conference in
Newquay, Cornwall, UK in 2018, are available as electronic supplementary
material (S1 and S2 respectively).

The physiotherapeutic exercises are part of the Surfing Medicine
International prevention program, that was written by two of the authors (FK
and SH, amongst others), it can be accessed via https://www.surfingmed.
com/prevention/.

Ethics Approval and Consent to Participate
Not applicable.


https://doi.org/10.1186/s40798-020-00289-0
https://doi.org/10.1186/s40798-020-00289-0
https://www.surfingmed.com/prevention/
https://www.surfingmed.com/prevention/

Langenberg et al. Sports Medicine - Open (2021) 7:2

Consent for Publication

All authors agreed with open access submission to Sports Medicine Open
and gave their consent for publication of the last version of the manuscript
before submission.

Competing Interests

The authors, Lisette Langenberg, Guilherme Lima, Sebastiaan Heitkamp,
Floortje Kemps, Matthew Jones, Miguel Moreira and Denise Eygendaal,
declare that they have no conflicts of interest relevant to the content of this
review. The authors are acquainted with each other via the non-profit organ-
isation “Surfing Medicine International”.

Author details

'Department of Orthopaedic Surgery, Amphia, Breda, the Netherlands.
?Shoulder & Elbow Surgeon, Faculdade de Medicina do ABC e do Hospital
Ipiranga, Sdo Paulo, SP, Brasil. 3Fysio Spot/Surffysio, The Hague, the
Netherlands. “SMC Rijnland Fysiotherapeuten, Leiden, the Netherlands.
*Trauma and Orthopaedic Registrar, Royal Cornwall Hospital Trust, Treliske,
Truro, UK. ®Faculdade Motricidade Humana, Universidade de Lisboa, Lisbon,
Portugal. ’Amsterdam University Medical Centers, Amsterdam, the
Netherlands.

Received: 18 May 2020 Accepted: 30 November 2020
Published online: 06 January 2021

References

1. de Moraes GC, Guimardes ATB, Gomes ARS. Analysis of injuries’ prevalence
in surfers from Parand seacoast. Acta Ortop Bras. 2013;21:213-8.

2. La Lanne CL, Cannady MS, Moon JF, Taylor DL, Nessler JA, Crocker GH, et al.
Characterization of activity and cardiovascular responses during surfing in
recreational male surfers between the ages of 18 and 75 years old. J Aging
Phys Act. 2017;25:182-8.

3. Mendez-Villanueva A, Bishop D. Physiological aspects of surfboard riding
performance. Sports Med. 2005;35:55-70.

4. Barlow MJ, Gresty K, Findlay M, Cooke CB, Davidson MA. The effect of wave
conditions and surfer ability on performance and the physiological
response of recreational surfers. J Strength Cond Res. 2014;28:2946-53.

5. Farley ORL, Harris NK, Kilding AE. Physiological demands of competitive
surfing. J Strength Cond Res. 20121;26:1887-96.

6. Loveless DJ, Minahan C. Two reliable protocols for assessing maximal-
paddling performance in surfboard riders. J Sports Sci. 2010,28:797-803.

7. Meir RA, Lowdon BJ, Davie AJ. Heart rates and estimated energy
expenditure during recreational surfing. Aust J Sci Med Sport. 1991;23:70-4.

8. Secomb JL, Sheppard JM, Dascombe BJ. Time-motion analysis of a 2-hour
surfing training session. Int J Sports Physiol Perform. 2015;10:17-22.

9. Farley ORL, Secomb JL, Raymond ER, Lundgren LE, Ferrier BK, Abbiss CR, et al.
Workloads of competitive surfing. J Strength Cond Res. 2018,32:2939-48.

10. Furness J, Hing W, Abbott A, Walsh J, Sheppard JM, Climstein M.
Retrospective analysis of chronic injuries in recreational and competitive
surfers: injury location, type, and mechanism. Int J Aquat Res Educ. 2014;8:
277-87.

11, Inada K, Matsumoto Y, Kihara T, Tsuji N, Netsu M, Kanari S, et al. Acute
injuries and chronic disorders in competitive surfing: from the survey of
professional surfers in Japan. Sport Orthop Traumatol. 2018;34:256-60.

12. Nathanson AT. Surfing injuries. In: Mei-Dan O, Carmont M, editors.
Adventure Extrem sport Inj Epidemiol treat Rehabil Prev. Springer; 2013.

13. Taylor DMD, Bennett D, Carter M, Garewal D, Finch CF. Acute injury and
chronic disability resulting from surfboard riding. J Sci Med Sport. 2004;7:
429-37.

4. Nathanson A, Bird S, Dao L, Tam-Sing K. Competitive surfing injuries: a
prospective study of surfing-related injuries among contest surfers. Am J
Sports Med. 2007;35:113-7.

15. McBride A, Fisher J. Shoulder injury in professional surfers. J Sci Med Sport.
2012;15:5139.

16. Lassalle C, André F, Millas P, Hugues Y, Messina M, Lougarot S, et al.
Characteristics of the painful surfer shoulder. Ann Phys Rehabil Med. 2012;1:
182-8.

17. Hay CSM, Barton S, Sulkin T. Recreational surfing injuries in Cornwall, United
Kingdom. Wilderness Environ Med. 2009,20:335-8. https://doi.org/10.1580/
1080-6032-020.004.0335.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.
38.

39.

40.

42.

43.

Page 10 of 11

Méndez-Villanueva A, Perez-Landaluce J, Bishop D, Fernandez-Garcia B,
Ortolano R, Leibar X, et al. Upper body aerobic fitness comparison between
two groups of competitive surfboard riders. J Sci Med Sport. 2005;8:43-51.
Carter J, Marshall N, Abbott A. Shoulder pain and dysfunction in young surf
lifesavers. Phys Ther Sport. 2015;16:162-8. https://doi.org/10.1016/j.ptsp.2014.
10.004.

Nessler JA, Silvas M, Carpenter S, Newcomer SC. Wearing a wetsuit alters
upper extremity motion during simulated surfboard paddling. PLoS One.
2015;10(11):1.

Nessler JA, Ponce-Gonzalez JG, Robles-Rodriguez C, Furr H, Warner M,
Newcomer SC. Electromyographic analysis of the surf paddling stroke across
multiple intensities. J strength Cond Res. 2019;1:1102-10.

Furness J, Schram B, Cottman-Fields T, Solia B, Secomb J. Profiling shoulder
strength in competitive surfers. Sport. 2018;1:E52.

Madeira M, Nobre P, Costa T, Almeida V, Paulo Sousa J, Pereira AM.
Isokinetic profile of the shoulder internal and external rotators in surfers.
Ann Med. 2019;51(sup1):218.

Wanivenhaus F, Fox AJS, Chaudhury S, Rodeo SA. Epidemiology of injuries
and prevention strategies in competitive swimmers. Sports Health. 2012;4:
246-51.

Pink M, Perry J, Browne A, Scovazzo ML, Kerrigan J. The normal shoulder
during freestyle swimming: an electromyographic and cinematographic
analysis of twelve muscles. Am J Sports Med. 1991;1:569-76.

Ceccon S, Ceseracciu E, Sawacha Z, Gatta G, Cortesi M, Cobelli C, et al.
Motion analysis of front crawl swimming applying CAST technique by
means of automatic tracking. J Sports Sci. 2013;31(3):276-87.

Agnelli C, Mercer JA, Ceseracciu E, Cortesi M, Cobelli C, Fantozzi S, et al.
Wearing a wetsuit alters upper extremity motion during simulated
surfboard paddling. J Sports Sci. 2018,28:1-13.

Phadke V, Camargo PR, Ludewig PM. Scapular and rotator cuff muscle
activity during arm elevation: a review of normal function and alterations
with shoulder impingement. Rev Bras Fis. 2009;13:1-9.

Madsen PH, Bak K, Jensen S, Welter U. Training induces scapular dyskinesis
in pain-free competitive swimmers: a reliability and observational study. Clin
J Sport Med. 2011;21:109-13.

Brossmann J, Preidler KW. Impingement syndrome: influence of shoulder
position on rotator cuff. AJR Am J Roentgenol. 1996;1:1511-5.

Yanai T, Hay JG. Shoulder impingement in front-crawl swimming: Il. Analysis
of stroking technique. Med Sci Sports Exerc [Internet. 2000;32:30-40.
Borstad JD, Ludewig PM. The effect of long versus short pectoralis minor
resting length on scapular kinematics in healthy individuals. J Orthop Sport
Phys Ther. 2005;35:227-38.

Reeser JC, Joy EA, Porucznik CA, Berg RL, Colliver EB, Willick SE. Risk factors
for volleyball-related shoulder pain and dysfunction. PM R. 2010;2:27-36.
Challoumas D, Dimitrakakis G. Insights into the epidemiology, aetiology and
associations of infraspinatus atrophy in overhead athletes: a systematic
review. Sport Biomech. 2017;16:325-41.

Furness J, Hing W, Walsh J, Abbott A, Sheppard JM, Climstein M. Acute
injuries in recreational and competitive surfers: incidence, severity, location,
type, and mechanism. Am J Sports Med. 2015;43:1246-54.

Caroll N. The complete guide to surfing your best. Australia: Surfing life
magazine; 2007.

Dixon P. The complete guide to surfing. Guilford: The Lyons Press; 2001.
Cools AM, Witvrouw EE, Declercq GA, Vanderstraeten GG, Cambier DC.
Evaluation of isokinetic force production and associated muscle activity in
the scapular rotators during a protraction-retraction movement in overhead
athletes with impingement symptoms. Br J Sports Med. 2004;38:64-8.
Littlewood C, Cools AMJ. Scapular dyskinesis and shoulder pain: the devil is
in the detail. Br J Sports Med. 2018,52(2):72-3.

Rose MB, Noonan T. Glenohumeral internal rotation deficit in throwing
athletes: current perspectives. Open Access J Sport Med. 2018,9:69.

Burkhart SS, Morgan CD, Ben Kibler W. The disabled throwing shoulder:
Spectrum of pathology part I: Pathoanatomy and biomechanics. Arthrosc - J
Arthrosc Relat Surg. 2003;19:404-20.

Hidalgo-Lozano A, Calderén-Soto C, Domingo-Camara A, Fernandez-de-las-
Pefias C, Madeleine P, Arroyo-Morales M. Elite swimmers with unilateral
shoulder pain demonstrate altered pattern of cervical muscle activation during
a functional upper-limb task. J Orthop Sport Phys Ther. 2012;42:552-8.

Ben KW, Ludewig PM, McClure PW, Michener LA, Bak K, Sciascia AD. Clinical
implications of scapular dyskinesis in shoulder injury: the 2013 consensus
statement from the “scapular summit”. Br J Sports Med. 2013;47:877-85.


https://doi.org/10.1580/1080-6032-020.004.0335
https://doi.org/10.1580/1080-6032-020.004.0335
https://doi.org/10.1016/j.ptsp.2014.10.004
https://doi.org/10.1016/j.ptsp.2014.10.004

Langenberg et al. Sports Medicine - Open (2021) 7:2

44, Thigpen CA, Padua DA, Michener LA, Guskiewicz K, Giuliani C, Keener JD,
et al. Head and shoulder posture affect scapular mechanics and muscle
activity in overhead tasks. J Electromyogr Kinesiol. 2010;20:701-9.

45, Lewis JS, Wright C, Green A. Subacromial impingement syndrome: the
effect of changing posture on shoulder range of movement. J Orthop Sport
Phys Ther. 2013;1:72-87.

46.  Sheppard J, McNamara P, Osborne M, Andrews M, Borges TO, Alshe P, et al.
Association between arthropometry and upper body strength qualities with
sprint paddling performance in competitive wave surfers. J Strength Cond
Res. 2012,26:3345-8.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Background
	Methods
	Results
	Discussion
	Conclusion

	Key Points
	Introduction
	Methods
	Results
	Surf Paddling Kinematics

	Discussion
	Potential Pathophysiological Pathway of Chronic Surf-related Shoulder Complaints
	Potential Explanation for Subacromial Pain
	The Surfers’ Shoulder Compared to Shoulder Complaints in Overhead Sports
	Surf-Specific Training and Rehabilitation

	Conclusion
	Supplementary Information
	Abbreviations
	Acknowledgements
	Code Availability
	Authors’ Contributions
	Authors’ Information
	Funding
	Availability of Data and Materials
	Ethics Approval and Consent to Participate
	Consent for Publication
	Competing Interests
	Author details
	References
	Publisher’s Note

