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Abstract

Orthopedic sports medicine is a subspecialty of Orthopedics that focuses on managing pathological conditions of
the musculoskeletal system arising from sports practice. When dealing with athletes, timing is the most difficult
issue to face. Typically, athletes aim to return to play as soon as possible and at the pre-injury level. This means that
management should be optimized to combine the need for prompt return to sport and to the biologic healing
time of the musculo-skeletal. This poses a great challenge to sport medicine surgeons, who need to follow with
attention to the latest scientific evidence to offer their patients the best available treatment options. We briefly
review the most commonly performed orthopedic sports medicine procedures, outlining the presently available
scientific evidence on their indications and outcomes.
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Background
About 11 athletes out of 100 participating in the Olym-
pic Games will face an injury, based on the data from
the last three editions [1–3]. Although the highest inci-
dence occurs in contact sports, such as football, American
football, hockey, and martial arts, some of the non-contact
sports as athletics are equally affected by high rates of in-
juries [1]. Looking again at the Olympic Games data,
about half of the injuries involves the lower limb, 20% the
upper limb, while head, neck, and trunk account all to-
gether for 25% [1]. About a quarter of all the injuries are
overuse injuries, which are more likely to occur in
non-contact sports. Regardless of whether an injury is
acute or overuse, the main issue in dealing with ath-
letes is timing. The deeply engrained strong desire to
return to play, within the shortest time, is the main
challenge for sport medicine surgeons and drives
treatment choices.
Here, we review the most commonly performed sports

medicine procedures, looking at the latest evidences on
the indications and outcomes.

Lower limb
Knee
Meniscal injuries Although meniscal injuries are mainly
encountered in athletes involved in pivoting maneuvers
[4], even low-impact sports such as swimming have been
plagued by meniscal lesions [5]. Meniscal injuries are
one of the most common musculo-skeletal issues and
one of the most common orthopedic surgery performed
worldwide. Vertical peripheral longitudinal tears [6–8]
as well as root tears [9] should be repaired, leading to
superior outcomes in terms of symptoms, function, re-
turn to play, and cartilage preservation compared to
meniscectomy. In more recent years, there is an increas-
ing body of evidence in favor of repairing horizontal
tears, especially in the young patient [10]. Return to
sports after meniscus repair for high-level athletes (bas-
ketball, American football, baseball) varies between 80
and 90% [11]. However, studies on meniscal repair in
athletes have found that up to one third of the patients
underwent reoperation for pain [12–16]. Concerning the
surgical technique of a meniscal repair, there is general
agreement to start the procedure performing a debride-
ment and abrasion of the meniscal lesion walls to favor
local bleeding [17], and with regard to the suture tech-
nique, vertical or horizontal sutures are recommended
[18, 19], performed either with all-inside, inside-out or
outside-in techniques, since no superiority have been
demonstrated of one technique over the others [20, 21].
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However, it has been demonstrated that vertical suturing
configuration has superior load to failure values com-
pared to a horizontal configuration [22]. Usually, all-in-
side sutures are used on the far posterior segments, and
inside-out for the middle and anterior meniscal seg-
ments. Alvarez-Diaz et al., in a case-series on 29 com-
petitive football players, reported that 26 (89.6%) were
able to return to play at the same level of competition at
a mean of 4.3 months after surgery [23].

Anterior cruciate ligament injury Anterior cruciate
ligament (ACL) tears, accounting for about 200,000 in-
juries per year in the USA, may compromise knee sta-
bility and affect negatively sports activity. Although
most of the ACL tears result from a non-contact injury,
lesions during contrasts in sports such as American
football, rugby, or hockey are frequent as well.
Many risk factors have been identified for ACL tear.

Some depend on bone morphology (narrower intercon-
dylar notch widths, smaller notch width index, and in-
creased tibial slopes [24]), some others on hormones
and gender [25]. Recently, biomechanical factors such as
limited hip internal rotation have been associated to
ACL tear injury [26]. Conservative management of ACL
tears can produce acceptable results, but in athletes, sur-
gical reconstruction is usually preferred [27]. The main
advantage of ACL reconstruction (ACLR) is to restore
knee stability what will eventually help to prevent sec-
ondary injury to menisci and articular cartilage [28]. Dif-
ferent techniques are used to perform ACLR. Transtibial
independent drilling (through the antero-medial portal)
and the outside-in techniques are the most commonly
used ones. A systematic review showed that independent
drilling is more likely to lead to better biomechanical
and functional outcomes compared to transtibial tech-
nique [29], although no clear clinical evidences support
its superiority [30]. Outside-in drilling has the advan-
tages of unconstrained tunnels placement, but it needs
two incisions [31]. Single- or double-bundle graft recon-
structions have been proposed. Biomechanical studies fa-
vored double-bundle graft in terms of rotational stability
[32]; however, no clinical superiority has been shown [33].
Concerning the graft, it is possible to identify three

main categories: autograft, allograft, and synthetic graft.
Synthetic graft showed high failure rate, although newer
synthetic grafts seem, in the short term, more promising
than the older ones [34].
Allografts are expensive; there is a risk for infections

transmission, delayed incorporation, and late failure
[35, 36]. Therefore, especially for young athletic indi-
viduals, the choice falls on autografts: bone patellar ten-
don bone (BPTB), hamstrings, and less commonly
quadriceps tendon. There is a huge debate on what is
better between patellar tendon and hamstring, and no

definitive superiority has been shown [37]. BPTB grafts
ensure greater post-operative knee stability but exhibit
a higher complication rate [38].On the contrary, ham-
string autograft, for which revision surgery is most fre-
quently required, is often associated with post-operative
antero-posterior knee laxity, particularly in females
[39]. However, despite all the great efforts trying to im-
prove ACL reconstruction, the rate of patients who return
to sports ranges between 63 and 92% [40, 41]. This trend
confirms the importance of psychological factor and
neuromuscular focused rehabilitation as essential ele-
ments in determining the return to play rate [42].

Posterior cruciate ligament injury Isolate posterior
cruciate ligament (PCL) injury has an incidence that
ranges between 3 and 44% after acute trauma to the
knee [43]. A PCL injury is often part of complex knee
injuries, associated respectively in 46, 31, and 62% of
cases, to ACL tears, medial collateral ligament (MCL)
injury, and posterolateral corner injuries [44]. Isolated
PCL injuries in the knees with reduced joint laxity and
absence of other peripheral lesion are generally managed
conservatively even in athletes, with satisfactory subjective
results, and return to sport at the same level in about 50%
of cases [45]. In patients with PCL injuries managed con-
servatively, 41% of the subjects at 14-year follow-up de-
velop early osteoarthritis, with progressive reduction of
joint function [46]. Surgical treatment can be performed
to optimize joint function. After surgery, competitive
sports are practiced again by 67% of the subjects and high
functional demand sports by 26% [47]. Clinical outcomes
show no differences between single- and double-bundle
reconstruction techniques at approximately 30 months
of follow-up. However, double-bundle PCL reconstruc-
tion mainly improves objective measurement of knee
stability [48, 49].

Hip
Femoroacetabular impingement Femoroacetabular im-
pingement (FAI) is a common cause of hip and groin
pain in young active people and athletes. FAI initially
causes chondral lesions and labral tears and, subse-
quently, early arthritis [50, 51]. Arthroscopic surgery is
undertaken in subjects refractory to conservative man-
agement, involving targeted physiotherapy and oral
anti-inflammatory drugs. Few studies reported data
about surgical procedures, such as femoroplasty, aceta-
buloplasty, and labral reconstruction, in athletes, and
they showed that arthroscopic surgery is effective in
terms of both clinical and functional improvement and
return to sport (87% of patients) [52]. Moreover, timing
for arthroscopic treatment is essential; the length of
athletic career was significantly affected by symptom
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duration before arthroscopic treatment in professional
hockey players [53].

Achilles tendon
Achilles tendinopathy is common in athletes, accounting
for 6–17% of all injuries in running athletes [54–56]. The
etiology of tendinopaty is still not well understood, but
multiple factors play a role in its pathophysiology [57].
Pharmacological interventions currently lack for scientific
evidences supporting their use [58], while conservative
management of chronic midportion Achilles tendinopathy
by eccentric exercises and extracorporeal shock waves
therapy (ESWT) is strongly supported by several level I
studies [59]. Patients resistant to those conservative mea-
sures can undergo to high-volume image-guided injection,
effective in relieving patients’ symptoms and restore ten-
don function both in the short and long term [60]. In
non-insertional Achilles tendinopathy, minimally invasive
multiple percutaneous longitudinal tenotomies are valid
alternatives to more invasive procedures, at least in pa-
tients without evidence of paratendinopathy, unresponsive
to 6 months of conservative management. This method
leads to satisfactory outcomes in the long term and re-
stores ankle function [61]. Given the renowned complica-
tions in terms of infections and difficult wound healing, in
most recent years, tendoscopy has been proposed, with
satisfactory outcomes, as an alternative method to open
surgery, including debridement alone or debridement as-
sociated to flexor halluces longus tendon transfer [62].
Eccentric exercises for insertional Achilles tendinopaty

did not show excellent outcomes, while ESWT did bet-
ter according to a quite recent systematic review [63].
For those patients not responding to conservative mea-
sures, surgery is indicated in order to debride the tendi-
nopathic tissue and/or to excise the calcaneal bony
prominence, with or without tendon detachment and
subsequent fixation to calcaneus tuberosity. Surgical
management of insertional Achilles tendinopathy is indi-
cated after failure of 3- to 6-month period of nonsurgical
management. Thorough debridement is necessary, and
this leads often to a near to complete detachment of the
tendon’s insertion. Therefore, repair with two anchors is
recommended; indeed, it is associated with good to excel-
lent results [64]. Outcomes from surgery can be satisfac-
tory, but prolonged rehabilitation is necessary [63, 65, 66].

Ankle
Lateral ankle ligaments Ankle sprains are common, es-
pecially in team sports [67]. They account for up to 40%
of all athletic injuries, and 29% of American football in-
juries can be attributed to ankle injuries [68]. The most
common pattern of injury is forefoot adduction, hindfoot
inversion, with the tibia externally rotated and the ankle
in plantar flexion. This mechanism leads to tears to one or

more of the lateral ligaments of the ankle [69]. Up to 70%
of the sprains involve the anterior talo-fibular ligament
(ATFL) alone [67]. More than 50% of the ankle sprains do
not come to medical attention [70]. Patients with ankle
sprain grade I and II, accounting for greatest part, will
benefit from the use of RICE (rest, ice [cryotherapy], com-
pression, and elevation) [71]. Grade III has a less standard-
ized management. Some authors have proposed surgical
repair for the acute grade III lesion [72], but many others
have reported discouraging outcomes following acute re-
pair in favor of functional treatment [73, 74].
Chronic ankle instability is defined as the condition of

symptomatic ankle instability following an acute ankle
sprain managed with conservative measure [75].
Surgical management of the lateral ligaments of the

ankle can be performed with an anatomic reconstruction
(the Brostrom-Gould technique) or by several techniques
in which a tendon graft, either autograft or allograft, rein-
forces the local tissue [75]. A recent comparison of lateral
anatomic ankle repair (Brostrom-Gould) to allograft re-
construction showed that no revision was needed in pa-
tients from both groups, and no significant differences
between groups in terms of function and patients’ satisfac-
tion were found [76].
Allografts showed good to excellent results in up to

85% of cases, and they should be considered when mul-
tiple ligaments are involved, such as calcaneofibular liga-
ment (CFL) other than ATFL [77].
At the time of surgical repair of ankle lateral ligaments, it

is highly recommended to perform an ankle arthroscopy,
since this will allow looking for intrarticular lesions [78].
Recently, different minimally invasive techniques have

been proposed for chronic ankle instability (arthroscopic
repair, non-arthroscopic minimally invasive repair, arthro-
scopic reconstruction, and non-arthroscopic minimally in-
vasive reconstruction). However, there is still a lack for
high-level evidences to support their use in daily clinical
practice [79].

Ankle osteochondral lesions About 50% of acute ankle
sprain leads to chondral lesions of the talus (OCL), caus-
ing persisting pain despite conservative or surgical treat-
ment [80]. Most of the OCL are central-lateral (49%)
and follow an inversion ankle sprain [81]. Those kinds of
lesions respond poorly to conservative measures. In the
acute setting, arthroscopic debridement with excision of
the loose OCL is usually indicated for lesions smaller
than 1 cm2 [82]. Fragment fixation using bioabsorbable
screws is advised for wider lesions [83].
Chronic OCLs are classified in five types according to

Loomer et al. [84]. Type I and II lesions can be addressed
by retrograde drilling, a technique that aims to bone
marrow stimulation [85]. Type III and IV lesions can be
addressed with satisfactory outcomes either by excision
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or curettage [86]. Finally, type V, a cystic lesion, is usu-
ally bone grafted or filled using osteochondral plugs
(mosaicplasty) [87].

Spine
Disc herniation and disc degeneration disease
Injuries of the cervical spine frequently affect athletes
who practice contact sports and represent 44.7% of all
American football-related spinal injuries [88]. In patients
with diagnosis of cervical disc herniations, surgical indi-
cations are persistent symptoms, evidence of spinal cord
compression on MRI and cervical myelopathy. However,
drug (such as anti-inflammatory medications) and phys-
ical therapy (strengthening exercises) remains the first-line
treatment and produces a higher rate of return to sport if
compared with surgical treatment. Furthermore, contact
sports are contraindicated in patients who underwent
multilevel anterior cervical discectomy and fusion (ACDF)
or with cervical myelopathy, residual pain, or muscle
weakness [89, 90].
Low back pain, reported by 75% of elite athletes, is fre-

quent in athletes of all levels [91]. In addition to genetic
and anatomic factors, the incidence of lumbar disc de-
generation is justified by an abnormal and increased load
on the lumbar spine arising from sports activity prac-
ticed over the years, which, in the long term, leads to
early disc degeneration [92]. Similar to the upper spine
levels, in lumbar pathology, the first approach is re-
habilitation focused on restoring range of motion and
muscular strengthening. Surgery is reserved to symp-
tomatic patients non-responsive to non-operative treat-
ment with imaging evidence of spinal cord compression.
Lumbar disc herniation successfully receives non-operative
treatment in 90% of patients [93]. Professional athletes who
underwent surgery, both total disc replacement or discec-
tomy and fusion, experience significant improvement of
symptoms in a high percentage of cases and about 95% of
patients return to sport without significant differences with
previous sports performances [94, 95]. Lumbar discectomy
offers variable results according to the type of sport prac-
ticed by professional athletes. Satisfactory outcomes and
high rates of return to sport can be found in American
football players [96]. On the contrary, baseball players who
underwent surgery had a shorter career compared to col-
leagues with the same diagnosis but treated conservatively
[97]. This heterogeneity highlights the importance of load
forces as causes of lumbar hernia and possible post-surgical
recurrence. Treatment should be guided by surgeon experi-
ence and set on athlete’s functional requirements.

Upper limb
Shoulder
In athletes, shoulder injuries commonly involve rotator
cuff tendons and the labrum.

Superior labrum anterior to posterior (SLAP) lesions
Snyder reported an incidence of SLAP lesions ranging
from 4.8 to 6.9% [98, 99]. The injury mechanism is usu-
ally overhead activity that determines a contact between
the articular side of the supraspinatus tendon and the
postero-superior glenoid labrum [98].
The first line of treatment can be conservative, mainly

aiming to scapula stabilization, rotator cuff strengthen-
ing, and stretching of the postero-inferior capsule. In-
deed, an excessive loss of glenohumeral internal rotation
(GIRD) is common in overhead athletes [100].
Surgical indication depends on several factors, such as

the kind of lesion, the patient’s age, level of activity, and
the previous non-operative management. Type II SLAPs
are the most common. They present complete detach-
ment of the superior labrum and the biceps anchor from
the superior glenoid tubercle. Repairing the lesion in
older patients (> 40 years old) showed higher rate of un-
satisfactory outcomes and surgical revision. In this in-
stance, the tendon of the long head of the biceps can
undergo either a tenodesis or a tenotomy. In young ac-
tive athletes, the lesion should be repaired [101]. How-
ever, this is the most challenging type of lesion: its repair
can result in a stiff shoulder [102], and return to play at
the pre-injury level cannot be guaranteed [103]. When
choosing the treatment method, in type II lesion, it is of
paramount to take into account the patient’s type and
level of activity. Recent evidences showed that biceps
suprapectoral [104] or subpectoral [105] tenodesis is
preferable over SLAP repair in young patients practicing
overhead activity. Type I lesions are characterized by frying
of the labrum, and therefore, the proposed surgical treat-
ment is arthroscopic debridement. Type III lesions show a
bucket handle tear of the labrum, while the biceps tendon
is normal. For these lesions, resection of the unstable
bucket handle tear is indicated [101]. Type IV is a type III
lesion with a longitudinal lesion of the biceps tendon,
which may dislocate into the joint. When less than 30% of
the tendon is torn, the lesion can be abraded together with
the degenerated area of the labrum. If the lesion involves
more than 30% of the biceps tendon, it will be repaired in
young patients or excised in older ones [106].

Bankart lesion Anterior shoulder dislocation is com-
mon especially in contact athletes such as American
football, ice hockey, and rugby players [107]. The most
common injury mechanism in athletes is abduction and
external rotation of the arm by an externally rotating
force [108]. This injury mechanism generates a Bankart
lesion where the antero-inferior capsule-labral complex
is detached from the glenoid rim either alone or with a
bony fragment (bony Bankart). In athletes, even after the
first dislocation, non-operative treatment leads to a high
recurrence rate [109].
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Arthroscopic repair of the Bankart lesion has become
more popular than open surgery, with similar reopera-
tion and recurrence rate [110]. Return to sport after
arthroscopic Bankart repair is variable, going up to
95% [111]. In bony Bankart lesions, following the new
concept of glenoid track introduced by Itoi in 2007
[112], there has been much debate on which is the best
treatment to address both the humeral (Hill-Sachs)
and the glenoid bony lesions. It is suggested to per-
form arthroscopic Bankart repair for patients with
glenoid bone loss < 25% and on-track Hill-Sachs (HS).
If the HS is off-track, a remplissage procedure is ne-
cessary to restore shoulder stability [113, 114]. When
facing a glenoid bone loss > 25%, whether it is on-track
or off-track HS, the Latarjet procedure is recom-
mended [115].

Rotator cuff tears Throwing athletes are at higher risk
not only for labrum injuries but also for rotator cuff
tears. In addition to the common cuff lesions, the throw-
ing athletes show a higher incidence of partial-thickness
articular-sided tears of the postero-superior portion of the
cuff compared to the general population. This is secondary
to the internal impingement syndrome, a phenomenon
described by Jobe and Walch [116, 117].
That syndrome is due to a conflict between the poster-

ior glenoid rim and the postero-superior rotator cuff in-
sertion on the greater tuberosity. Factors associated with
this condition are recurring microtrauma, scapular dis-
kynesis, and posterior capsule contracture with conse-
quent loss of internal rotation [118].
Surgical options are taken into consideration when con-

servative measures have failed. In general, partial tears are
repaired when the tear involves more than 50% of the ten-
don thickness; otherwise, the debridement alone is enough
[119]. However, it is controversial whether to repair partial
lesions of the rotator cuff in a throwing athlete because of
the difficulties of returning to play after a rotator cuff
repair [120–122].

Conclusions
The careful application of prevention, surgical, and re-
habilitation principles allows orthopedic sports surgeon
to take good care of elite athletes and return them to
successful sports practice. However, there are some
pathologies such as FAI, chronic ankle instability, and
rotator cuff tear which lack for clear evidences based
on high-level studies with regard to the best treatment
option. Further investigations are needed, keeping in
mind that newer is not always better and that in many
instances a skeptical attitude should be maintained to-
wards miracle cures and shining novelties.

Abbreviations
ACDF: Anterior cervical discectomy and fusion; ACL: Anterior cruciate
ligament; ACLR: ACL reconstruction; ATFL: Anterior talo-fibular ligament;
BPTB: Bone patellar tendon bone; CFL: Calcaneofibular ligament;
ESWT: Extracorporeal shock waves therapy; FAI: Femoroacetabular
impingement; GIRD: Loss of glenohumeral internal rotation; HS: Hill-Sachs;
MCL: Medial collateral ligament; MRI: Magnetic resonance imaging;
OCL: Chondral lesions of the talus; PCL: Posterior cruciate ligament;
RICE: Rest, ice [cryotherapy], compression, and elevation; SLAP: Superior
labrum anterior to posterior

Authors’ contributions
SV and EA wrote the manuscript. RP, NM, and ED supervised the manuscript
writing and checking out the final version. All authors read and approved
the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
NM is the Editor-in-Chief for Journal of Orthopaedic Surgery and Research.
The authors declare that they have no competing interests.

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

Author details
1Department of Orthopaedic and Trauma Surgery, Campus Bio-Medico,
University of Rome, Via Alvaro del Portillo, 200 Rome, Italy. 2Department of
Musculoskeletal Disorders, University of Salerno School of Medicine, Salerno,
Italy. 3Centre for Sports and Exercise Medicine, Barts and The London School
of Medicine and Dentistry, Mile End Hospital, London, UK.

Received: 10 August 2016 Accepted: 12 July 2018

References
1. Engebretsen L, Soligard T, Steffen K, Alonso JM, Aubry M, Budgett R, Dvorak

J, Jegathesan M, Meeuwisse WH, Mountjoy M, et al. Sports injuries and
illnesses during the London Summer Olympic Games 2012. Br J Sports Med.
2013;47(7):407–14.

2. Junge A, Engebretsen L, Mountjoy ML, Alonso JM, Renstrom PA, Aubry MJ,
Dvorak J. Sports injuries during the Summer Olympic Games 2008. Am J
Sports Med. 2009;37(11):2165–72.

3. Engebretsen L, Steffen K, Alonso JM, Aubry M, Dvorak J, Junge A,
Meeuwisse W, Mountjoy M, Renstrom P, Wilkinson M. Sports injuries and
illnesses during the Winter Olympic Games 2010. Br J Sports Med. 2010;
44(11):772–80.

4. Poulsen MR, Johnson DL. Meniscal injuries in the young, athletically active
patient. Phys Sportsmed. 2011;39(1):123–30.

5. Baker P, Coggon D, Reading I, Barrett D, Mc Laren M, Cooper C. Sports injury,
occupational physical activity, joint laxity, and meniscal damage. J Rheumatol.
2002;29(3):557–63.

6. Stein T, Mehling AP, Welsch F, von Eisenhart-Rothe R, Jager A. Long-term
outcome after arthroscopic meniscal repair versus arthroscopic partial
meniscectomy for traumatic meniscal tears. Am J Sports Med. 2010;38(8):
1542–8.

7. Pujol N, Tardy N, Boisrenoult P, Beaufils P. Long-term outcomes of all-inside
meniscal repair. Knee Surg Sports Traumatol Arthrosc. 2015;23(1):219–24.

8. Paxton ES, Stock MV, Brophy RH. Meniscal repair versus partial
meniscectomy: a systematic review comparing reoperation rates and clinical
outcomes. Arthroscopy. 2011;27(9):1275–88.

9. Papalia R, Vasta S, Franceschi F, D'Adamio S, Maffulli N, Denaro V. Meniscal root
tears: from basic science to ultimate surgery. Br Med Bull. 2013;106:91–115.

10. Kurzweil PR, Lynch NM, Coleman S, Kearney B. Repair of horizontal meniscus
tears: a systematic review. Arthroscopy. 2014;30(11):1513–9.

Vasta et al. Journal of Orthopaedic Surgery and Research  (2018) 13:190 Page 5 of 8



11. Espejo-Reina A, Serrano-Fernandez JM, Martin-Castilla B, Estades-Rubio FJ,
Briggs KK, Espejo-Baena A. Outcomes after repair of chronic bucket-handle
tears of medial meniscus. Arthroscopy. 2014;30(4):492–6.

12. Barber FA, Schroeder FA, Oro FB, Beavis RC. FasT-Fix meniscal repair: mid-
term results. Arthroscopy. 2008;24(12):1342–8.

13. Logan M, Watts M, Owen J, Myers P. Meniscal repair in the elite athlete:
results of 45 repairs with a minimum 5-year follow-up. Am J Sports Med.
2009;37(6):1131–4.

14. Kotsovolos ES, Hantes ME, Mastrokalos DS, Lorbach O, Paessler HH. Results
of all-inside meniscal repair with the FasT-Fix meniscal repair system.
Arthroscopy. 2006;22(1):3–9.

15. Kalliakmanis A, Zourntos S, Bousgas D, Nikolaou P. Comparison of arthroscopic
meniscal repair results using 3 different meniscal repair devices in anterior
cruciate ligament reconstruction patients. Arthroscopy. 2008;24(7):810–6.

16. Alvarez-Diaz P, Alentorn-Geli E, Llobet F, Granados N, Steinbacher G, Cugat
R. Return to play after all-inside meniscal repair in competitive football
players: a minimum 5-year follow-up. Knee Surg Sports Traumatol Arthrosc.
2016;24(6):1997–2001.

17. Pujol N, Panarella L, Selmi TA, Neyret P, Fithian D, Beaufils P. Meniscal
healing after meniscal repair: a CT arthrography assessment. Am J Sports
Med. 2008;36(8):1489–95.

18. Erduran M, Hapa O, Sen B, Kocabey Y, Erdemli D, Aksel M, Havitcioglu H.
The effect of inclination angle on the strength of vertical mattress
configuration for meniscus repair. Knee Surg Sports Traumatol Arthrosc.
2015;23(1):41–4.

19. Kocabey Y, Taser O, Nyland J, Ince H, Sahin F, Sunbuloglu E, Baysal G.
Horizontal suture placement influences meniscal repair fixation strength.
Knee Surg Sports Traumatol Arthrosc. 2013;21(3):615–9.

20. Choi NH, Kim BY, Hwang Bo BH, Victoroff BN. Suture versus FasT-Fix all-
inside meniscus repair at time of anterior cruciate ligament reconstruction.
Arthroscopy. 2014;30(10):1280–6.

21. Choi NH, Kim TH, Victoroff BN. Comparison of arthroscopic medial meniscal
suture repair techniques: inside-out versus all-inside repair. Am J Sports
Med. 2009;37(11):2144–50.

22. Buckland D M, Sadoghi P, Wimmer MD. Meta-analysis on biomechanical
properties of meniscus repairs: are devices better than sutures? Knee Surg
Sports Traumatol Arthrosc. 2015;23:83.

23. Alvarez-Diaz P, Alentorn-Geli E, Llobet F. Return to play after all-inside
meniscal repair in competitive football players: a minimum 5-year follow-up.
Knee Surg Sports Traumatol Arthrosc. 2016;24:1997–2001.

24. Fernandes MS, Pereira R, Andrade R, Vasta S, Pereira H, Pinheiro JP,
Espregueira-Mendes J. Is the femoral lateral condyle’s bone morphology the
trochlea of the ACL? Knee Surg Sports Traumatol Arthrosc. 2017;25(1):207–14.

25. Stijak L, Kadija M, Djulejic V, Aksic M, Petronijevic N, Markovic B, Radonjic V,
Bumbasirevic M, Filipovic B. The influence of sex hormones on anterior
cruciate ligament rupture: female study. Knee Surg Sports Traumatol
Arthrosc. 2015;23(9):2742–9.

26. Bedi A, Warren RF, Wojtys EM, Oh YK, Ashton-Miller JA, Oltean H, Kelly BT.
Restriction in hip internal rotation is associated with an increased risk of
ACL injury. Knee Surg Sports Traumatol Arthrosc. 2016;24(6):2024–31.

27. Maffulli N, Longo UG, Gougoulias N, Loppini M, Denaro V. Long-term health
outcomes of youth sports injuries. Br J Sports Med. 2010;44(1):21–5.

28. Moksnes H, Risberg MA. Performance-based functional evaluation of non-
operative and operative treatment after anterior cruciate ligament injury.
Scand J Med Sci Sports. 2009;19(3):345–55.

29. Chalmers PN, Mall NA, Cole BJ, Verma NN, Bush-Joseph CA, Bach BR Jr.
Anteromedial versus transtibial tunnel drilling in anterior cruciate ligament
reconstructions: a systematic review. Arthroscopy. 2013;29(7):1235–42.

30. Riboh JC, Hasselblad V, Godin JA, Mather RC 3rd. Transtibial versus
independent drilling techniques for anterior cruciate ligament
reconstruction: a systematic review, meta-analysis, and meta-regression. Am
J Sports Med. 2013;41(11):2693–702.

31. Robin BN, Jani SS, Marvil SC, Reid JB, Schillhammer CK, Lubowitz JH.
Advantages and disadvantages of transtibial, anteromedial portal, and
outside-in femoral tunnel drilling in single-bundle anterior cruciate ligament
reconstruction: a systematic review. Arthroscopy. 2015;31(7):1412–7.

32. Mascarenhas R, Cvetanovich GL, Sayegh ET, Verma NN, Cole BJ, Bush-Joseph
C, Bach BR Jr. Does double-bundle anterior cruciate ligament reconstruction
improve postoperative knee stability compared with single-bundle
techniques? A systematic review of overlapping meta-analyses. Arthroscopy.
2015;31(6):1185–96.

33. Zhang Y, Xu C, Dong S, Shen P, Su W, Zhao J. Systemic review of anatomic
single- versus double-bundle anterior cruciate ligament reconstruction: does
femoral tunnel drilling technique matter? Arthroscopy. 2016;32(9):1887–904.

34. Newman SD, Atkinson HD, Willis-Owen CA. Anterior cruciate ligament
reconstruction with the ligament augmentation and reconstruction system:
a systematic review. Int Orthop. 2013;37(2):321–6.

35. Krych AJ, Jackson JD, Hoskin TL, Dahm DL. A meta-analysis of patellar
tendon autograft versus patellar tendon allograft in anterior cruciate
ligament reconstruction. Arthroscopy. 2008;24(3):292–8.

36. Hospodar SJ, Miller MD. Controversies in ACL reconstruction: bone-patellar
tendon-bone anterior cruciate ligament reconstruction remains the gold
standard. Sports Med Arthrosc. 2009;17(4):242–6.

37. Xie X, Liu X, Chen Z, Yu Y, Peng S, Li Q. A meta-analysis of bone-patellar
tendon-bone autograft versus four-strand hamstring tendon autograft for
anterior cruciate ligament reconstruction. Knee. 2015;22(2):100–10.

38. Shaerf DA, Pastides PS, Sarraf KM, Willis-Owen CA. Anterior cruciate ligament
reconstruction best practice: a review of graft choice. World J Orthop. 2014;
5(1):23–9.

39. Paterno MV, Weed AM, Hewett TE. A between sex comparison of anterior-
posterior knee laxity after anterior cruciate ligament reconstruction with
patellar tendon or hamstrings autograft: a systematic review. Sports Med.
2012;42(2):135–52.

40. Busfield BT, Kharrazi FD, Starkey C, Lombardo SJ, Seegmiller J. Performance
outcomes of anterior cruciate ligament reconstruction in the National
Basketball Association. Arthroscopy. 2009;25(8):825–30.

41. Shelbourne KD, Sullivan AN, Bohard K, Gray T, Urch SE. Return to basketball
and soccer after anterior cruciate ligament reconstruction in competitive
school-aged athletes. Sports Health. 2009;1(3):236–41.

42. Christino MA, Fantry AJ, Vopat BG. Psychological aspects of recovery
following anterior cruciate ligament reconstruction. J Am Acad Orthop Surg.
2015;23(8):501–9.

43. Schulz MS, Russe K, Weiler A, Eichhorn HJ, Strobel MJ. Epidemiology of
posterior cruciate ligament injuries. Arch Orthop Trauma Surg. 2003;123(4):
186–91.

44. Fanelli GC, Edson CJ. Posterior cruciate ligament injuries in trauma patients:
part II. Arthroscopy. 1995;11(5):526–9.

45. Shelbourne KD, Muthukaruppan Y. Subjective results of nonoperatively
treated, acute, isolated posterior cruciate ligament injuries. Arthroscopy.
2005;21(4):457–61.

46. Shelbourne KD, Clark M, Gray T. Minimum 10-year follow-up of patients
after an acute, isolated posterior cruciate ligament injury treated
nonoperatively. Am J Sports Med. 2013;41(7):1526–33.

47. Boutefnouchet T, Bentayeb M, Qadri Q, Ali S. Long-term outcomes
following single-bundle transtibial arthroscopic posterior cruciate ligament
reconstruction. Int Orthop. 2013;37(2):337–43.

48. Li Y, Li J, Wang J, Gao S, Zhang Y. Comparison of single-bundle and double-
bundle isolated posterior cruciate ligament reconstruction with allograft: a
prospective, randomized study. Arthroscopy. 2014;30(6):695–700.

49. Outerbridge RE, Dunlop JA. The problem of chondromalacia patellae. Clin
Orthop Relat Res. 1975;110:177–96.

50. Ganz R, Parvizi J, Beck M, Leunig M, Notzli H, Siebenrock KA.
Femoroacetabular impingement: a cause for osteoarthritis of the hip. Clin
Orthop Relat Res. 2003;417:112–20.

51. Henderson LW, Leypoldt JK, Lysaght MJ, Cheung AK. Death on dialysis and
the time/flux trade-off. Blood Purif. 1997;15(1):1–14.

52. Byrd JW, Jones KS, Gwathmey FW. Femoroacetabular impingement in
adolescent athletes: outcomes of arthroscopic management. Am J Sports
Med. 2016;44(8):2106–11.

53. Menge TJ, Briggs KK, Philippon MJ. Predictors of length of career after hip
arthroscopy for femoroacetabular impingement in professional hockey
players. Am J Sports Med. 2016;44(9):2286–91.

54. Soma CA, Mandelbaum BR. Achilles tendon disorders. Clin Sports Med.
1994;13(4):811–23.

55. Hamilton WG. Surgical anatomy of the foot and ankle. Clin Symp. 1985;
37(3):2–32.

56. Longo UG, Rittweger J, Garau G, Radonic B, Gutwasser C, Gilliver SF, Kusy K,
Zielinski J, Felsenberg D, Maffulli N. No influence of age, gender, weight,
height, and impact profile in achilles tendinopathy in masters track and
field athletes. Am J Sports Med. 2009;37(7):1400–5.

57. Ames PR, Longo UG, Denaro V, Maffulli N. Achilles tendon problems: not
just an orthopaedic issue. Disabil Rehabil. 2008;30(20–22):1646–50.

Vasta et al. Journal of Orthopaedic Surgery and Research  (2018) 13:190 Page 6 of 8



58. Maffulli N, Papalia R, D'Adamio S, Diaz Balzani L, Denaro V. Pharmacological
interventions for the treatment of Achilles tendinopathy: a systematic
review of randomized controlled trials. Br Med Bull. 2015;113(1):101–15.

59. Rowe V, Hemmings S, Barton C, Malliaras P, Maffulli N, Morrissey D.
Conservative management of midportion Achilles tendinopathy: a mixed
methods study, integrating systematic review and clinical reasoning. Sports
Med. 2012;42(11):941–67.

60. Maffulli N, Spiezia F, Longo UG, Denaro V, Maffulli GD. High volume image
guided injections for the management of chronic tendinopathy of the main
body of the Achilles tendon. Phys Ther Sport. 2013;14(3):163–7.

61. Maffulli N, Oliva F, Testa V, Capasso G, Del Buono A. Multiple percutaneous
longitudinal tenotomies for chronic Achilles tendinopathy in runners: a
long-term study. Am J Sports Med. 2013;41(9):2151–7.

62. Carreira D, Ballard A. Achilles tendoscopy. Foot Ankle Clin. 2015 Mar;20(1):
27–40.

63. Wiegerinck JI, Kerkhoffs GM, van Sterkenburg MN, Sierevelt IN, van Dijk CN.
Treatment for insertional Achilles tendinopathy: a systematic review. Knee
Surg Sports Traumatol Arthrosc. 2013;21(6):1345–55.

64. Shakked RJ, Raikin SM. Insertional tendinopathy of the Achilles:
debridement, primary repair, and when to augment. Foot Ankle Clin. 2017;
22(4):761–80.

65. Maffulli N, Del Buono A, Testa V, Capasso G, Oliva F, Denaro V. Safety and
outcome of surgical debridement of insertional Achilles tendinopathy using
a transverse (Cincinnati) incision. J Bone Joint Surg Br. 2011;93(11):1503–7.

66. Carmont MR, Maffulli N. Management of insertional Achilles tendinopathy
through a Cincinnati incision. BMC Musculoskelet Disord. 2007;8:82.

67. Fong DT, Hong Y, Chan LK, Yung PS, Chan KM. A systematic review on
ankle injury and ankle sprain in sports. Sports Med. 2007;37(1):73–94.

68. Hosea TM, Carey CC, Harrer MF. The gender issue: epidemiology of ankle
injuries in athletes who participate in basketball. Clin Orthop Relat Res. 2000;
372:45–9.

69. Ferran NA, Maffulli N. Epidemiology of sprains of the lateral ankle ligament
complex. Foot Ankle Clin. 2006;11(3):659–62.

70. Fong DT, Man CY, Yung PS, Cheung SY, Chan KM. Sport-related ankle
injuries attending an accident and emergency department. Injury. 2008;
39(10):1222–7.

71. Hintermann B. Medial ankle instability. Foot Ankle Clin. 2003;8(4):723–38.
72. White WJ, McCollum GA, Calder JD. Return to sport following acute lateral

ligament repair of the ankle in professional athletes. Knee Surg Sports
Traumatol Arthrosc. 2016;24(4):1124–9.

73. Kannus P, Renstrom P. Treatment for acute tears of the lateral ligaments of
the ankle. Operation, cast, or early controlled mobilization. J Bone Joint Surg
Am. 1991;73(2):305–12.

74. Kaikkonen A, Kannus P, Jarvinen M. Surgery versus functional treatment in ankle
ligament tears. A prospective study. Clin Orthop Relat Res. 1996;326:194–202.

75. Knupp M, Lang TH, Zwicky L, Lotscher P, Hintermann B. Chronic ankle
instability (medial and lateral). Clin Sports Med. 2015;34(4):679–88.

76. Matheny LM, Johnson NS, Liechti DJ, Clanton TO. Activity level and function
after lateral ankle ligament repair versus reconstruction. Am J Sports Med.
2016;44(5):1301–8.

77. Caprio A, Oliva F, Treia F, Maffulli N. Reconstruction of the lateral ankle
ligaments with allograft in patients with chronic ankle instability. Foot Ankle
Clin. 2006;11(3):597–605.

78. Maffulli N, Ferran NA. Management of acute and chronic ankle instability.
J Am Acad Orthop Surg. 2008;16(10):608–15.

79. Matsui K, Burgesson B, Takao M, Stone J, Guillo S, Glazebrook M, Group
EAAI. Minimally invasive surgical treatment for chronic ankle instability: a
systematic review. Knee Surg Sports Traumatol Arthrosc. 2016;24(4):1040–8.

80. Saxena A, Eakin C. Articular talar injuries in athletes: results of microfracture
and autogenous bone graft. Am J Sports Med. 2007;35(10):1680–7.

81. Orr JD, Dutton JR, Fowler JT. Anatomic location and morphology of
symptomatic, operatively treated osteochondral lesions of the talus. Foot
Ankle Int. 2012;33(12):1051–7.

82. Giannini S, Buda R, Faldini C, Vannini F, Bevoni R, Grandi G, Grigolo B, Berti
L. Surgical treatment of osteochondral lesions of the talus in young active
patients. J Bone Joint Surg Am. 2005;87(Suppl 2):28–41.

83. Liu W, Liu F, Zhao W, Kim JM, Wang Z, Vrahas MS. Osteochondral autograft
transplantation for acute osteochondral fractures associated with an ankle
fracture. Foot Ankle Int. 2011;32(4):437–42.

84. Loomer R, Fisher C, Lloyd-Smith R, Sisler J, Cooney T. Osteochondral lesions
of the talus. Am J Sports Med. 1993;21(1):13–9.

85. Taranow WS, Bisignani GA, Towers JD, Conti SF. Retrograde drilling of
osteochondral lesions of the medial talar dome. Foot Ankle Int. 1999;
20(8):474–80.

86. Badekas T, Takvorian M, Souras N. Treatment principles for osteochondral
lesions in foot and ankle. Int Orthop. 2013;37(9):1697–706.

87. Hangody L, Dobos J, Balo E, Panics G, Hangody LR, Berkes I. Clinical
experiences with autologous osteochondral mosaicplasty in an athletic
population: a 17-year prospective multicenter study. Am J Sports Med. 2010;
38(6):1125–33.

88. Mall NA, Buchowski J, Zebala L, Brophy RH, Wright RW, Matava MJ. Spine
and axial skeleton injuries in the National Football League. Am J Sports
Med. 2012;40(8):1755–61.

89. Paulus S, Kennedy DJ. Return to play considerations for cervical spine
injuries in athletes. Phys Med Rehabil Clin N Am. 2014;25(4):723–33.

90. Meredith DS, Jones KJ, Barnes R, Rodeo SA, Cammisa FP, Warren RF.
Operative and nonoperative treatment of cervical disc herniation in
National Football League athletes. Am J Sports Med. 2013;41(9):2054–8.

91. Ong A, Anderson J, Roche J. A pilot study of the prevalence of lumbar disc
degeneration in elite athletes with lower back pain at the Sydney 2000
Olympic Games. Br J Sports Med. 2003;37(3):263–6.

92. Hangai M, Kaneoka K, Hinotsu S, Shimizu K, Okubo Y, Miyakawa S, Mukai N,
Sakane M, Ochiai N. Lumbar intervertebral disk degeneration in athletes. Am
J Sports Med. 2009;37(1):149–55.

93. Burgmeier RJ, Hsu WK. Spine surgery in athletes with low back pain-considerations
for management and treatment. Asian J Sports Med. 2014;5(4):e24284.

94. Siepe CJ, Wiechert K, Khattab MF, Korge A, Mayer HM. Total lumbar disc
replacement in athletes: clinical results, return to sport and athletic
performance. Eur Spine J. 2007;16(7):1001–13.

95. Schroeder GD, McCarthy KJ, Micev AJ, Terry MA, Hsu WK. Performance-
based outcomes after nonoperative treatment, discectomy, and/or fusion
for a lumbar disc herniation in National Hockey League athletes. Am J
Sports Med. 2013;41(11):2604–8.

96. Hsu WK. Performance-based outcomes following lumbar discectomy in
professional athletes in the National Football League. Spine (Phila Pa 1976).
2010;35(12):1247–51.

97. Nair R, Kahlenberg CA, Hsu WK. Outcomes of lumbar discectomy in elite
athletes: the need for high-level evidence. Clin Orthop Relat Res. 2015;
473(6):1971–7.

98. Snyder SJ, Karzel RP, Del Pizzo W, Ferkel RD, Friedman MJ. SLAP lesions of
the shoulder. Arthroscopy. 1990;6(4):274–9.

99. Snyder SJ, Banas MP, Karzel RP. An analysis of 140 injuries to the superior
glenoid labrum. J Shoulder Elb Surg. 1995;4(4):243–8.

100. Edwards SL, Lee JA, Bell JE, Packer JD, Ahmad CS, Levine WN, Bigliani LU,
Blaine TA. Nonoperative treatment of superior labrum anterior posterior
tears: improvements in pain, function, and quality of life. Am J Sports Med.
2010;38(7):1456–61.

101. Brockmeyer M, Tompkins M, Kohn DM, Lorbach O. SLAP lesions: a treatment
algorithm. Knee Surg Sports Traumatol Arthrosc. 2016;24(2):447–55.

102. Takase K. Risk of motion loss with combined Bankart and SLAP repairs.
Orthopedics. 2009;32(8). https://doi.org/10.3928/01477447-20090624-05.

103. Neuman BJ, Boisvert CB, Reiter B, Lawson K, Ciccotti MG, Cohen SB. Results
of arthroscopic repair of type II superior labral anterior posterior lesions in
overhead athletes: assessment of return to preinjury playing level and
satisfaction. Am J Sports Med. 2011;39(9):1883–8.

104. Boileau P, Parratte S, Chuinard C, Roussanne Y, Shia D, Bicknell R.
Arthroscopic treatment of isolated type II SLAP lesions: biceps tenodesis as
an alternative to reinsertion. Am J Sports Med. 2009;37:929–36.

105. Pogorzelski J, Horan MP, Hussain ZB, Vap A, Fritz EM, Millett PJ. Subpectoral
biceps tenodesis for treatment of isolated type II SLAP lesions in a young
and active population. Arthroscopy. 2018;34(2):371-6. https://doi.org/10.
1016/j.arthro.2017.07.021.

106. Baker CL 3rd, Romeo AA. Combined arthroscopic repair of a type IV SLAP
tear and Bankart lesion. Arthroscopy. 2009;25(9):1045–50.

107. Owens BD, Agel J, Mountcastle SB, Cameron KL, Nelson BJ. Incidence of
glenohumeral instability in collegiate athletics. Am J Sports Med. 2009;37(9):1750–4.

108. Hudson VJ. Evaluation, diagnosis, and treatment of shoulder injuries in
athletes. Clin Sports Med. 2010;29(1):19–32. table of contents

109. Longo UG, Loppini M, Rizzello G, Ciuffreda M, Maffulli N, Denaro V.
Management of primary acute anterior shoulder dislocation: systematic
review and quantitative synthesis of the literature. Arthroscopy. 2014;
30(4):506–22.

Vasta et al. Journal of Orthopaedic Surgery and Research  (2018) 13:190 Page 7 of 8

https://doi.org/10.3928/01477447-20090624-05
https://doi.org/10.1016/j.arthro.2017.07.021
https://doi.org/10.1016/j.arthro.2017.07.021


110. Petrera M, Patella V, Patella S, Theodoropoulos J. A meta-analysis of open
versus arthroscopic Bankart repair using suture anchors. Knee Surg Sports
Traumatol Arthrosc. 2010;18(12):1742–7.

111. Gerometta A, Rosso C, Klouche S, Hardy P. Arthroscopic Bankart shoulder
stabilization in athletes: return to sports and functional outcomes. Knee
Surg Sports Traumatol Arthrosc. 2016;24(6):1877–83.

112. Yamamoto N, Itoi E, Abe H, Minagawa H, Seki N, Shimada Y, Okada K.
Contact between the glenoid and the humeral head in abduction, external
rotation, and horizontal extension: a new concept of glenoid track. J
Shoulder Elb Surg. 2007;16(5):649–56.

113. Franceschi F, Papalia R, Rizzello G, Franceschetti E, Del Buono A, Panasci M,
Maffulli N, Denaro V. Remplissage repair—new frontiers in the prevention of
recurrent shoulder instability: a 2-year follow-up comparative study. Am J
Sports Med. 2012;40(11):2462–9.

114. Hartzler RU, Bui CN, Jeong WK, Akeda M, Peterson A, McGarry M, Denard PJ,
Burkhart SS, Lee TQ. Remplissage of an fff-track Hill-Sachs lesion is necessary
to restore biomechanical glenohumeral joint stability in a bipolar bone loss
model. Arthroscopy. 2016;32(12):2466–76.

115. Di Giacomo G, Itoi E, Burkhart SS. Evolving concept of bipolar bone loss and
the Hill-Sachs lesion: from “engaging/non-engaging” lesion to “on-track/off-
track” lesion. Arthroscopy. 2014;30(1):90–8.

116. Jobe CM. Posterior superior glenoid impingement: expanded spectrum.
Arthroscopy. 1995;11(5):530–6.

117. Walch G, Liotard JP, Boileau P, Noel E. Postero-superior glenoid impingement.
Another impingement of the shoulder. J Radiol. 1993;74(1):47–50.

118. Burkhart SS. Internal impingement of the shoulder. Instr Course Lect. 2006;
55:29–34.

119. Park JY, Yoo MJ, Kim MH. Comparison of surgical outcome between bursal
and articular partial thickness rotator cuff tears. Orthopedics. 2003;26(4):387–90.
discussion 390

120. Franceschi F, Papalia R, Del Buono A, Maffulli N, Denaro V. Repair of partial
tears of the rotator cuff. Sports Med Arthrosc. 2011;19(4):401–8.

121. Franceschi F, Papalia R, Del Buono A, Vasta S, Costa V, Maffulli N, Denaro V.
Articular-sided rotator cuff tears: which is the best repair? A three-year
prospective randomised controlled trial. Int Orthop. 2013;37(8):1487–93.

122. Bollier M, Shea K. Systematic review: what surgical technique provides the
best outcome for symptomatic partial articular-sided rotator cuff tears? Iowa
Orthop J. 2012;32:164–72.

Vasta et al. Journal of Orthopaedic Surgery and Research  (2018) 13:190 Page 8 of 8


	Abstract
	Background
	Lower limb
	Knee
	Hip
	Achilles tendon
	Ankle

	Spine
	Disc herniation and disc degeneration disease

	Upper limb
	Shoulder


	Conclusions
	Abbreviations
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

