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REVIEW ARTICLE

ANTERIOR SHOULDER INSTABILITY IN THE THROWING ATHLETE

PRZEDNIA NIESTABILNOŚĆ BARKU U ZAWODNIKÓW RZUCAJĄCYCH

Brandon DuBose Bushnell
Department of Orthopedic Surgery, Harbin Clinic/Atrium Health, Rome, GA, USA
Assistant Clinical Professor Department of Ort hopedic Surgery, Medical College of Georgia/
Augusta University, Augusta, GA, USA

ABSTRACT
Instability in the shoulder of the throwing athlete differs significantly from that of the colli-
sion athlete or the everyday non-athlete populations. The pathogenesis, clinical prese ntation, 
workup, diagnosis, and management of instability for the thrower have unique features 
and require a deeper understanding of the continuum from beneficial adaptive laxity to 
pathologic instability. Success rates for return to play after both non-operative and surgical 
management are much lower for throwers than for other athletes, due in no small part to the 
need to balance stabilization against over-constriction of the glenohumeral joint. Multiple 
nonoperative and surgical techniques exist and continue to evolve for management of this 
challenging condition.

Keywords: anterior shoulder instability, throwing athlete; bankart tear, SLAP tear,  posterior 
labral tear, posterosuperior internal impingement (PSI)

STRESZCZENIE
Niestabilność barku u zawodników rzucających znacząco różni się od tej występującej u spor-
towców uprawiających sporty kontaktowe oraz osób nieaktywnych fizycznie. Patogeneza, 
obraz kliniczny, diagnostyka oraz leczenie niestabilności u zawodników rzucających mają 
unikalne cechy i wymagają dogłębnego zrozumienia kontinuum od korzystnej adaptacyjnej 
wiotkości do patologicznej niestabilności. Wskaźniki powrotu do gry po leczeniu zachowaw-
czym i operacyjnym są znacznie niższe u tej grupy sportowców niż u innych, głównie z powodu 
konieczności znalezienia równowagi między stabilizacją a unikaniem nadmiernego ograni-
czenia ruchomości stawu ramienno-łopatkowego. Istnieje wiele metod leczenia, zarówno 
zachowawczego, jak i operacyjnego, które nadal są udoskonalane w celu skuteczniejszego 
zarządzania tym wymagającym schorzeniem.

Słowa kluczowe: przednia niestabilność barku, zawodnik rzucający, uszkodzenie Bankarta; 
uszkodzenie SLAP, tylne uszkodzenie obrąbka, tylno-górny, wewnętrzny konflikt (PSI)

ISSN 2300-0767

Introduction
Shoulder instability represents a common con-
dition in younger, active populations. Amongst 
collision athletes, shoulder dislocation or 

separation events cause the vast majority 
of subsequent instability complaints. In-
season injury management can be more 
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conservative in cases of collision athletes, with 
many sports medicine professionals opting 
to allow patients to continue to play after an 
injury, even through the end of the season 
(Owens et al., 2012, Ward & Bradley, 2013). 
When appropriate, operative management 
usually focuses on repair or reconstruction 
of the capsule and labrum, with bone-based 
techniques such as the open and arthroscopic 
Latarjet and distal tibial allograft procedures 
becoming more popular in recent years.

The pathogenesis of instability and its sub-
sequent management, however, differ signifi-
cantly in the shoulder of a throwing athlete. 
Instability can sometimes originate in a sin-
gular traumatic event, but often it finds its 
roots in overuse and attritional laxity over 
time. A certain amount of laxity actually 
helps throwers attain higher velocities in 
their throws, but it can insidiously lead to 
chronic pathologic changes and even overt 
injury. Once it reaches a critical point, insta-
bility renders overhead athletes and throw-
ers unable to perform their required tasks, 
even if nonoperative in-season management 
is attempted (Owens et al., 2012, Ward & Brad-
ley, 2013). Unlike with collision athletes, “fin-
ishing out the year” therefore usually does 
not work with throwers. Because of the dif-
ferences in etiology, surgical treatment of 
instability in the throwing athlete also proves 

much more complex and nuanced than in the 
collision athlete or the non-athlete. Likewise, 
multiple studies have shown that rates and 
times for return to play after surgical treat-
ment tend to be much lower for throwing 
athletes as opposed to collision athletes (Gou-
veia et al., 2023, Gowd et al., 2021). 

Surgeons must understand the unique 
features of instability in the thrower’s shoul-
der in order to provide effective treatment. 
Appropriate history, exam, workup, and treat-
ment varies on an individual basis. Manage-
ment techniques for this condition continue 
to evolve.

Etiology of instability
For a thrower, more laxity generally means 
a faster throw. Rotational velocity translates 
into linear velocity as the shoulder moves from 
cocking through release, and the thrower can 
generate higher velocity with a larger arc of 
rotation. Since the release point of the throw 
generally remains fixed, a larger arc originates 
from increased external rotation during wind-
up and cocking. Increased external rotation 
finds its roots in adaptive capsular laxity of 
the glenohumeral joint, and sometimes even 
in acquired retroversion of the bony glenoid 
itself. As such, many successful high-level 
throwers have an impressive level of capsular 
laxity and external rotation (Figure 1).

 

 
Figure 1. Excessive External Rotation in an American Baseball Pitcher  
(c/o Tread Athletics, 2016)
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Laxity in a thrower, however, represents 
a proverbial double-edged sword. As the level 
of shoulder laxity increases, the athlete may 
experience higher rates and levels of arm 
pain – even if the patient has no history of an 
instability event nor overt instability symp-
toms (Wardell et al., 2022). Increased laxity 
can cause imbalances such as a glenohumeral 
internal rotation deficit (GIRD) that predis-
pose the athlete to injury. Likewise, overuse 
in the setting of laxity can lead to multiple 
attritional and degenerative conditions that 

affect performance. Dynamic sensorimotor 
changes can also occur that predispose the 
thrower to micro-instability and its sequelae, 
especially with fatigue. Muscular imbalances 
combined with posterosuperior instability 
(PSI) can lead to tearing of the labrum and/
or of the rotator cuff (Mornieux et al., 2018).

Instability in a thrower thus occurs along 
a spectrum, and multiple diagnoses should 
be kept in mind – as they are distinct but also 
not mutually exclusive (Table 1). Gelber, Soloff, 
and Schickendantz have proposed that “inju-
ries to the shoulder of the overhead athlete 
can be generally classified into three groups: 
internal impingement, internal impingement 
with acquired secondary anterior instability, 
and primary anterior or multidirectional 
instability” (Gelber et al., 2018). Savoie and 
O’Brien, meanwhile, have suggested two 

classifications: “traumatic anterior instability 
that happens to occur in a throwing athlete 
and excessive anterior subluxation because 
of overuse that occurs in conjunction with 
the disabled throwing shoulder” (Savoie & 
O’Brien, 2014). Other diagnoses in the differ-
ential must also be considered and ruled 
out when appropriate, including vascular 
and neurological pathology such as cervi-
cal radiculopathy, peripheral neuropathy or 
entrapment, and Paget-Schroetter Syndrome 
(effort thrombosis) (Bushnell et al., 2009). 

Clinical presentation
Categorization of an instability situation as 
either chronic or traumatic can usually be 
easily determined by the presence or absence 
of a singular event in the patient’s history. 
Other features such as pain, loss of velocity 
or control, “dead arm” sensation, tingling and 
numbness, and even swelling can character-
ize overuse or impingement cases. Anterior 
instability can prove more subtle in throwers 
as proposed to non-throwers. When report-
ing an actual event, throwing athletes tend 
to present clinically with subluxation events 
instead of overt dislocation events (Wibur 
et al., 2022). Posterior instability cases will 
frequently present with pain rather than clas-
sic instability complaints (Kercher et al., 2019). 
In such cases, it remains critical to distinguish 
between adaptive capsular laxity and labral 

Table 1. Specific diagnoses associated with instability in the throwing shoulder.

• Adaptive hyperlaxity

• Acquired excess external rotation

• Acquired bony glenoid retroversion

• Glenohumeral internal rotation deficit (GIRD)

• Posterioinferior glenohumeral ligament ossification (Bennett lesion)

• Posterosuperior internal impingement (PSI)

• Superior labral tear from anterior to posterior (SLAP)

• Anteroinferior capsulolabral tear (Bankart tear)

• Posterior labral tear

• Pan-labral tear

• Bicipital tendinitis/tendinopathy/subluxation

• Posterior articular-sided partial-thickness rotator cuff tear (PASTA lesion)

• Posterior bursal-sided partial-thickness rotator cuff tear

• Full-tickness posterosuperior rotator cuff tear
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injury with pathologic instability (Sheean et al., 
2020). Pain may sometimes localize directly 
to the anatomic area of involvement, but not 
always. Biceps pathology can also contribute 
to instability symptoms and pain, and it can 
be more common in non-overhead throwers 
such as cricket bowlers and windmill-pitch 
softball players (Boden et al., 2024). 

Imaging
Various predictable and identifiable patterns of 
injury and pathology can be noted in throwing 
athletes with instability on imaging workup, 
which usually includes plain radiographs, 
computed tomography (CT), and magnetic 
resonance imaging (MRI) (Wo et al., 2017). 
Ultrasound can have some utility as well, espe-
cially as a dynamic study, but it is completely 
user-dependent. Radiographs will show acute 
dislocation events and residual subluxation. 
MRI in PSI often reveals cysts in the humeral 
head and “kissing” lesions of the posterosu-
perior cuff and adjacent labrum (Goes et al., 
2023). Ossification of the posteroinferior 
glenohumeral ligament is known as a Bennett 
lesion, and can be seen on radiographs for CT. It 
is usually caused by repetitive traction micro-
trauma to the area (Goes et al., 2023). In both 
cases, increased laxity of the anteroinferior 
capsule can contribute to the formation of 
these lesions (Wo et al., 2017). Tears of the 
labrum are usually readily identified by MRI 
with arthrogram. Throwers with instability 
complaints tend to have injury patterns more 
consistent with PSI, posterior labral tears, 
and SLAP lesions rather than “pure” antero-
inferior Bankart tears (Funakoshi et al., 2023). 
MRI, both with and without arthrogram, will 
usually reveal tears of the rotator cuff.

Treatment options and outcomes
Treatment of instability in the thrower’s 
shoulder should always begin with attempted 
conservative management (Owens et al., 2012, 
Ward & Bradley, 2013, Gelber et al., 2018, 
Savoie & O’Brien, 2014, Sheean et al., 2020, 
Boden et al., 2024). Rest, anti-inflammatory 
medications, and even occasional injections 
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can help reduce the pain and inflammation 
of certain conditions. Physical therapy can 
also help, and therapists should focus on the 
structures most involved in each individual 
case. For example, posterior capsular stretch-
ing in cases of GIRD can help to re-balance 
the glenohumeral motion arc (Sheean et al., 
2020). Likewise, strengthening of the rotator 
cuff can improve sensorimotor deficits and 
also improve dynamic stabilization during 
the throwing motion (Mornieux et al., 2018, 
Gelber et al., 2018, Savoie & O’Brien, 2014).

Nonoperative treatment, however, often 
proves unsuccessful – especially as an athlete 
advances further along the spectrum of injury. 
The size and location of lesions strongly influ-
ence the chances of success. Smaller labral 
tears, especially in the Bankart area, may 
respond well to conservative treatment. Tears 
in the posterior labrum and in the SLAP area, 
however, have proven notoriously resistant to 
nonoperative treatment (Kercher et al., 2019, 
Waterman et al., 2023). When conservative 
treatment fails, appropriately-indicated surgi-
cal intervention can improve the athlete’s 
chances of returning to play. The surgery must 
focus on the specific structure(s) involved in 
each individual case, and surgeons must be 
prepared for the need to address more than 
one pathology at a time. For example, many 
cases of worsening symptomatic PSI will 
require treatment of both a labral tear and 
a rotator cuff tear.

Kvitne and Jobe described one of the first 
techniques for surgical treatment of sympto-
matic anterior shoulder instability in throw-
ers – the open anteroinferior capsulolabral 
reconstruction with a subscapularis split 
(Kvitne et al., 1995, Kvitne et al., 1995). In the 
decades since then, operative techniques have 
evolved into mostly arthroscopic approaches 
that begin with meticulous analysis of the 
joint and diagnosis of all pathology, followed 
by repair or reconstruction of the affected 
structures.

Arthroscopic Bankart repair with a concomi-
tant remplissage procedure has seen reported 
return to play rates of 46%–79% in throwers 
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(Gouveia et al., 2023). Park, et al., have reported 
82% return to play rates for baseball players 
with anterior instability who underwent 
standard Bankart repair (Park et al., 2019). 
These rates of return to play lag behind those 
of non-throwers, which have been reported to 
exceed 90% in many cases Gouveia et al., 2023, 
Gelber et al., 2018, Savoie & O’Brien, 2014, 
Waterman et al., 2023). Several studies have 
shown risk factors for failure or persistent 
symptoms to include older age, male sex, higher 
BMI, large Hill-Sachs lesions, and certain posi-
tions within a sport (e.g., backcourt in hand-
ball or pitching in baseball) Gowd et al., 2021, 
Gelber et al., 2018, Savoie & O’Brien, 2014, 
Waterman et al., 2023). While it seems intui-
tive, research has also confirmed that players 
with injuries to the throwing arm are less 
likely to return to play than throwing athletes 
with injuries to the non-throwing arm (Park 
et al. 2019). Even when appropriate surgical 
management and postoperative rehabilita-
tion does succeed, throwing athletes take 
significantly longer to recover and return to 
play after surgery in comparison to collision 
athletes and non-athletes (Ward & Bradley, 
2013, Gouveia et al., 2023, Gowd et al., 2021). 

Certain instability-related problems seem 
to respond better to surgery than others. 
SLAP tears have historically shown terrible 
success rates with attempted labral repair, 
but recent studies have reported significant 
improvement in return to play and often 
excellent results in cases of biceps tenodesis 
rather than repair (Waterman et al., 2023). 
Posterior labral injury likewise has seen reli-
able surgical outcomes. In 2019, Kercher and 
colleagues reported 94% patient satisfaction 
and 94% return to sport for baseball play-
ers of various skill levels who underwent 
posterior labral repair (Kercher et al., 2019). 
Most of these players reported pain as their 
primary pre-operative complaint, rather than 
instability. As posterior capsular tightness can 
hinder the athlete’s ability to throw, surgeons 
should take great care not to over-constrain 
the shoulder when repairing the posterior 
labrum (Skeean et al., 2020).

Researchers continue to seek out addi-
tional techniques that optimize the athlete’s 
chances of returning to play – especially in 
cases of anterior capsulolabral injury. In the 
last several years, bone-based procedures 
have become quite popular – especially 
in collision athletes – but the literature 
about their success in throwers remains 
sparse. Bauer and colleagues reported good 
results in professional handball players 
using an open Latarjet-Patte procedure to 
stabilize the shoulder. In their 2024 study, 
they found a high level of both return to play 
(85%) and return to play at the same level 
(80%) in this high-risk sport involving both 
overhead throwing and collision demands 
on the shoulder (Bauer et al., 2024). Other 
surgeons have shown reluctance to pursue 
bone-based procedures out of concern for 
over-tightening the shoulder and sacrific-
ing motion (and thus velocity) in favor of 
more stability.

Maiotti, et al., performed a multi-center 
study of several different surgical techniques 
for anterior shoulder stabilization in 2023. 
They found that soft-tissue augmentation of 
standard Bankart repair procedures (remplis-
sage and subscapularis augmentation) can 
improve results to those similar to bone-
based procedures such as the open or arthro-
scopic Latarjet technique (Maiotti et al., 2023). 
Funakoshi, et al., have described the use 
of hamstring autograft for anteroinferior 
glenohumeral ligament reconstruction in 
symptomatic overhead throwers with ante-
rior instability and posterosuperior internal 
impingement (Funakoshi et al., 2022). 

Other surgeons have taken the approach of 
changing the arm position for repair rather 
than trying to alter or add to the repair tech-
nique itself. Mitsui and colleagues have pro-
posed performing anterior stabilization in an 
intra-operative position of abducted external 
rotation that mimics the late cocking phase 
of the throwing motion (Mitusui et al., 2024, 
Mitsui et al., 2024). This “dynamic anterior 
glenohumeral capsular ligament tensioning 
(DAGHT) procedure” has shown improved 
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outcomes for throwers in terms of better 
external rotation, better clinical outcomes, 
and better return to play at the same level 
(Mitsui et al., 2024).

Conclusion
Instability in the thrower’s shoulder remains 
a daunting clinical problem. The inherent need 
for maximum range of motion to generate 
velocity in throwing makes over-tightening 
of the shoulder a cardinal sin. Excess insta-
bility, likewise, can start the shoulder on 
an irreversible downhill slide of pathologic 
progression. Return to play rates and times for 
throwers therefore lag behind those of other 
instability patients, as finding the perfect 
balance between “too loose” and “too tight” 
proves exceptionally difficult. In the ongoing 
quest to maximize outcomes, surgeons have 
added soft-tissue supplementation such as 
remplissage, subscapularis augmentation, 
tendon grafting, and selective-positional 
tightening to the classic surgical techniques of 
capsulolabral repair and reconstruction, with 
varying results. Since each and every specific 
case of instability in a thrower represents 
a unique challenge, surgeons must pursue 
an individualized approach to care from 
presentation through resolution.
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 AUGMENTED GLENOID COMPONENTS IN REVERSE TOTAL SHOULDER ARTHROPLASTY

WZMOCNIONE KOMPONENTY PANEWKOWE W ODWRÓCONEJ ENDOPROTEZOPLA-
STYCE STAWU RAMIENNEGO
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Augusta University, Augusta, GA, USA

ABSTRACT
Over the last several years, multiple commercially-available implant systems have begun 
to feature augmented glenoid components for reverse total shoulder arthroplasty (RTSA). 
Augmented glenoid baseplate components can have a flat-backed geometry or a wedge-
backed geometry. Flat-backed options serve primarily to lateralize the center of rotation of 
the arthroplasty. Wedge-backed options, however, can provide for quick, simple, and reliable 
correction of multi-planar angular deformity that otherwise would prevent appropriate 
version and inclination of the glenoid baseplate. Bony structural deformity of the glenoid 
presents a significant challenge to shoulder surgeons performing RTSA, but wedge-backed 
augmented glenoid components enable us to attack this problem with confidence. A grow-
ing body of literature about these components continues to expand with multiple studies 
showing favorable outcomes using this technology.

Keywords: reverse total shoulder arthroplasty, augmented glenoid component, wedge glenoid 
component, RTSA, wedge, augment

STRESZCZENIE
Przez ostatnie kilka lat wiele dostępnych komercyjnie systemów implantów zaczęło wyko-
rzystywać wzmocnione komponenty panewkowe w odwróconej endoprotezoplastyce stawu 
ramiennego (RTSA). Wzmocnione podstawy panewkowe mogą mieć geometrię z płaskim 
podparciem lub klinowym podparciem. Opcje z płaskim podparciem służą głównie do late-
ralizacji środka obrotu endoprotezy. Natomiast opcje z klinowym podparciem umożliwiają 
szybkie, proste i niezawodne skorygowanie wielopłaszczyznowych deformacji kątowych, które 
w przeciwnym razie uniemożliwiłyby uzyskanie odpowiedniej wersji i inklinacji podstawy 
panewkowej. Deformacje strukturalne panewki stanowią istotne wyzwanie dla chirurgów 
wykonujących RTSA, jednak wzmocnione komponenty panewkowe z klinowym podparciem 
pozwalają skutecznie stawić czoła temu problemowi. Coraz liczniejsze publikacje na temat 
tych komponentów wskazują na ich korzystne wyniki kliniczne, co potwierdzają liczne ba-
dania dotyczące tej technologii.

Słowa kluczowe: odwrócona endoprotezoplastyka stawu ramiennego, wzmocniony kompo-
nent panewkowy, komponent panewkowy z klinowym podparciem, RTSA, klin, augmentacja
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Introduction
Glenoid deformity and bone loss presents one 
of the most common challenges in performing 
total shoulder arthroplasty (TSA). Whether 
from chronic glenoid wear or as sequelae from 
a traumatic event, bony structural abnor-
malities can cause inappropriate glenoid 
version and/or inclination. Retroversion and 
superior inclination of the glenoid tend to 
occur most frequently in cases of rotator 
cuff tears and/or rotator cuff arthropathy 
as well as with primary arthritis, but other 
bony deformities such as medialization, ante-
version, and inferior wear can occur with 
advanced primary arthritis or traumatic 
arthritis. Surgeons must correct these multi-
planar angular deformities during glenoid 
component implantation for both anatomic 
(aTSA) and reverse (RTSA) total shoulder 
arthroplasty procedures in order to obtain 
and maintain soft-tissue balance, prevent 
asymmetric glenoid loading, and maximize 
the longevity of the arthroplasty. 

The simplest means of deformity correc-
tion involves the use of a glenoid reamer 
to take down the “high side” of the native 
glenoid, usually anterior and/or inferior. This 
technique, however, is limited to low levels 
of angular deformity and can also result in 
bone loss which will compromise the fixa-
tion of the implant. The reamer, further-
more, is hard to control – exemplifying the 
old orthopedic adage of “measuring with 
a micrometer, but cutting with a chainsaw” 
Especially in cases of osteoporosis or small 
native glenoid architecture, glenoid reaming 
can quickly create problems without a good 
solution. Finally, glenoid reaming serves to 
medialize the overall construct center of 
rotation – running counter to the usual goal 
of lateralization.

Pascal Boileau popularized the use of 
the Bony Increased Offset-Reversed Shoul-
der Arthroplasty (BIO-RSA) as a means 
of achieving lateralization and correcting 
glenoid multiplanar angular deformities 
when implanting the glenoid component 
(Boileau et al., 2017). Some subsequent studies 

have shown similar biomechanical perfor-
mance and clinical outcomes when comparing 
BIO-RSA to augmented glenoid components 
(Van de Kleut et al., 2022). Drawbacks of bone 
grafting, however, include technical difficulty, 
increased surgical time and cost, and risk of 
nonunion of the graft (Contreras et al., 2023, 
Malahias et al., 2020). 

Over the last several years, the orthopedic 
community has witnessed a proverbial explo-
sion of options for glenoid design in total 
shoulder arthroplasty (Mourad et al., 2020, 
Wright et al., 2025). Over a decade ago, 
researchers began using trabecular metal 
augments to glenoid components in aTSA 
for correction of glenoid retroversion 
(Sandow & Schutz, 2016). Implant design 
for aTSA has also addressed the problem of 
glenoid multiplanar angular deformity with 
wedged polyethylene glenoid components 
(Grey et al., 2020, Shields, et al., 2024). 

In addition to wedge-augmented glenoid 
design in aTSA systems, several manufactur-
ers have developed wedge-backed glenoid 
components for RTSA as well. Across the 
world, the use of RTSA has seen a meteoric 
ascent over the last decade – likely driven 
in no small part by the availability of these 
implants. While individual system designs 
may vary, the overall concept remains fairly 
similar: a circular glenoid baseplate with 
holes for screw fixation sits atop a mono-
block metallic wedge with varying degrees of 
inclination (Figure 1) (Endell et al., 2020). The 
advent of wedge-backed glenoid components 
has arguably revolutionized RTSA techniques 
and made the surgery substantially more 
user-friendly.

Technique
Debate still lingers over the supremacy 
of lateralized implants versus medialized 
(Grammont-style) implants in RTSA, and 
such discussion extends beyond the scope of 
this article. Likewise, I will refrain from delv-
ing into a detailed comparison of biological 
(graft-based) lateralization versus metallic 
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(implant-based) lateralization, but the tech-
nique of metallic-augmented component 
implantation is inarguably relatively simple 
compared to biologic augmentation proce-
dures (Maggini et al., 2024). 

Once the surgeon has made the decision to 
lateralize via the implant, metallic lateraliza-
tion can be accomplished with either a flat-
back augment or a wedge-back augment. Most 
companies offer multiple sizes of lateralized 
flat-back designs (such as 0, +3, and +6 mm 
options), but these models cannot correct 
angular deformity without differential ream-
ing. In cases involving minimal angular bony 
deformity but still requiring lateralization, 
a flat-back augment can easily accomplish 
the intended biomechanical goals. Wedge-
back augmented baseplates, however, have 
been shown to require less bone reaming and 
provide more lateralization than standard 
baseplates (Abdic et al., 2020, Shah et al., 2024). 
Because of their ease of use and effective-
ness, wedge-backed glenoid components 
have quickly become the standard of care in 
cases of deformities greater than ten degrees 
in any plane.

With the widespread availability of comput-
ed-tomography (CT) based templating software 
for RTSA from most implant companies, sur-
geons will typically plan for implementation 
of a flat-backed augment or a wedge as part of 
their preoperative preparation. Alternatively, 
intra-operative findings may drive the selec-
tion of an augmented or wedged implant if 
the surgeon encounters unexpected levels of 
deformity or surprisingly poor bone quality. In 
a study of surgical planning, Werner and col-
leagues found that wedge-augmented glenoid 
components resulted in statistically signifi-
cantly greater correction of glenoid deformity, 
improved total and cortical baseplate contact 
area, less cancellous reamed bone, and greater 
glenoid lateralization (Werner et al., 2024). 
Many commercially-available systems offer 
varying degrees and designs of wedges – such 
as “half” versus “full” wedge, or wedges that 
are designed for superior versus posterior 
placement (Figure 2). Templating can help 

surgeons determine the appropriate wedge 
design option for each individual case.

Most cases requiring use of a wedge-back 
glenoid component involve glenoid wear in 
the posterosuperior quadrant of the glenoid. 
As such, placement of the wedge usually 
occurs posteriorly and cranially, roughly 
between the 10:00 and 12:00 o’clock posi-
tions on the native glenoid (Abdic et al., 2020, 
Guehring et al., 2023). Surgeons can choose 
to ream selectively to improve the fit of the 
wedge against the bone – combining preopera-
tive templating with intraoperative assess-
ment. After appropriate glenoid preparation, 
the surgeon then simply matches the shape 
of the wedge to the shape of the deformity 
(Figure 3). Most implants involve a central 
screw design for primary fixation, and the 
surgeon should take care to ensure that the 
wedge does not mal-rotate during initial screw 
fixation (Bobko et al., 2021). The wedge-backed 
glenoid component can also be used for 
anterior-based bone loss, simply by spinning 
it in the other direction to match the required 
area for augmentation (Anastasio et al., 2024). 

Outcomes
Over the last few years, a growing body of 
literature has appeared in support of wedge-
backed glenoid components. Most studies 
have been smaller retrospective cohorts, but 
journals have also recently published stud-
ies that are larger, prospective, multi-center, 
and even randomized. As surgeons perform 
further research on these implants and as 
they continue to grow in popularity, the avail-
ability of more compelling scientific support 
of their use seems highly likely.

Liuzza and colleagues reported in 2020 
that a high percentage of patients achieved 
minimum clinically important difference 
(MCID) and substantial clinical benefit (SCB) 
thresholds with use of posterosuperior 
wedge augmentation for cases of superior 
glenoid wear (Favard E1, E2, and E3 deformi-
ties) (Liuzza et al., 2020). Virk and associ-
ates published a study in 2020 of 67 RTSA 
patients with posteriorly augmented glenoid 
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components that showed excellent clinical 
and radiographic outcomes out to a mean 
follow-up of 3.5 years (Virk et al., 2020). 

Sandow and Tu performed a prospective 
review in 2020 of 75 shoulders that underwent 
wedge-backed glenoid component RTSA with 
correction of Walsh B2 or C glenoids (Sandow 
& Tu, 2020). They reported excellent radio-
graphic and clinical outcomes with no major 
complications related to the implants. Kirsh 
and colleagues showed significant correction 
of glenoid retroversion, glenoid inclination, 
and multiple outcome scores with the use of 
augmented baseplates in a small 2021 retro-
spective review (Kirsch et al., 2021). 

In a 2022 retrospective multi-center trial, 
Levin, et al., found that augmented baseplates 
offered greater postoperative improvements in 
multiple planes of AROM and greater improve-
ment of multiple clinical outcome metric 
scores in comparison to standard baseplates 
(Levin et al., 2022). Another multi-center 
study by Levin and colleagues in 2024 found 
improved patient-reported outcomes and 
shorter operative times with superior-wedge-
augmented baseplates compared to standard 
baseplates (Levin et al., 2024). 

Parker, et al., prospectively followed 73 
wedge-baseplate patients for a minimum of 
two years and found increased active eleva-
tion, increased external rotation, and good 
clinical outcomes in their study published 
in 2024 (Parker et al., 2024). Baumgarten 
and Max performed a prospective study in 
of 187 patients undergoing RTSA and divided 
them into Standard and Lateralized Baseplate 
groups (Baumgarten et al., 2024). The Later-
alized group in this 2024 report included 
full-wedged baseplates, and at two years, the 
Lateralized constructs had better patient-
determined outcome scores and lower rates 
of scapular notching.

Complications
The most commonly reported complications of 
wedge-backed glenoid baseplate use are stress 
reactions and stress fractures, usually of the 
acromion or the coracoid (Parker et al., 2024). 

Some authors have postulated that lateraliza-
tion of any kind can lead to increased stress 
on these areas, and often these complications 
relate more to the patient’s bone density than 
to the specifics of the implant design. Many 
other studies have shown no difference in 
complication risk with augmented compo-
nents compared to other glenoid implant 
options, and some have even shown improve-
ment in postoperative scapular notching 
(Baumgarten et al., 2024). Because metallic-
augmented glenoid components do not require 
the additional bone healing necessary for BIO-
RSA, nonunion, malunion, and collapse are 
essentially not a problem with this technique. 

Conclusion
Augmented glenoid components have revolu-
tionized shoulder arthroplasty over the last 
several years. Metal-backed augmentation 
in RTSA has helped the orthopedic commu-
nity conquer the challenges of lateralization 
and multi-planar angular deformity without 
the unpredictability of selective reaming or 
the added time, cost, risk, and complexity of 
graft-based biologic augmentation. Multiple 
commercially-available systems exist for both 
flat-back and wedge-back glenoid components, 
with several options for the size, angle, and 
location of the augmentation. Operative tech-
niques for augmented glenoid implantation 
remain surprisingly simple, and reported 
outcomes show that these implants perform 
as well or better than standard glenoid compo-
nents, especially in certain situations involving 
complex wear or bone loss. It seems likely that 
outcomes will continue to improve as we refine 
our understanding of this technology and it 
appropriate applications in the years ahead. 

Appendix
Description of surgical technique by Endell, 
et al. for preparation and implantation of 
a wedge-backed glenoid component (Endell 
et al., 2020). 

The patient is placed in conventional beach-chair 
position. After marking all bony landmarks 
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Figure 1. Concept of Implantaion of Monoblock 
Metallic Wedge-Backed Glenoid Component 
(Reprinted as Open-Source Access from Endell, 
et al., Endell et al., 2020) 

Figure 2A shows 25 mm and 29 mm Flat-Backed Glenoids with + 3 mm and + 6 mm Augmentation (Stryker).

Figure 2B shows glenoid options for both superior and posterior augmentation in various combinations (Exactech).
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Figure 2C shows 25 mm and 29 mm Half-Wedge and Full-Wedge Options (Stryker).

Figure 2D shows Small, Medium, and Large Half-Wedge Buildup options (Zimmer-Biomet). 

Figure 3. Glenoid Preparation and Implantation of Metallic Wedge-Backed Glenoid 
Component (a–h) and Post-Operative Radiograph (i). (Reprinted as Open-Source 
Access from Endell, et al., Endell et al., 2020). See Appendix for text describing 
the technique in detail

Figure 2. Examples of Varying Sizes of Flat-Backed Metallic Augmented Glenoid Components (A) and Varying Types 
of Metallic Wedge-Backed Augmented Glenoid Components (B–D)
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a standard deltopectoral approach is used, 
with retraction of the deltoid muscle laterally 
and the pectoralis major and the conjoined 
tendon medially. The subdeltoid mobilization 
and resection of its bursa follows in order to 
achieve sufficient lateralization of the deltoid 
muscle. The tendon of the subscapularis 
muscle is detached close to its insertion and 
armed using FiberWire® sutures (Arthrex, 
Naples, FL, USA) in an adapted Mason-Allen 
technique. After careful dislocation of the 
humerus and tenotomy of the long head of 
the biceps tendon, the resection of the hu-
meral head is performed in preparation for 
the humeral stem component (e.g., Aequa-
lis™ Ascend Flex™ or Aequalis™ Reversed II, 
Wright Medical Group, Arlington, TN, USA). 
After impaction of the metaphysis, a protec-
tion device is placed. Using retractors, the 
humerus is pushed posteriorly to allow for 
sufficient glenoid exposure. Under protection 
of the axillary nerve, residual labral tissue is 
excised (Fig. 2a), and the capsule is released 
superiorly, posteriorly, and inferiorly. Initially, 
the size and slope of the paleo- and neogle-
noid, using full-wedge templates, have to be 
assessed (Fig. 2b). The template is used to 
estimate the size and alignment of the wedge 
implant. Ideally, intraoperative measures 
match the preoperatively planned 3D-CT simu-
lation. After placing the central guiding pin  
(Fig. 2c), the asymmetric reamer is now used 
cautiously (Fig. 2d). Under constant supervi-
sion the reaming is completed (Fig. 3e) until full 
alignment of the asymmetric reamer onto the 
glenoid surface is achieved. Excessive reaming 
and glenoid fractures ought to be prevented. 
A drill bit is used over the central guiding pin 
to create the cylindrical seat for the post of 
the baseplate (Fig. 3f). Subsequently, the pilot 
hole for the central screw is over-drilled and 
its length measured. An optional tap may be 
used and is recommended for central screws 
with a wider diameter in order to prevent 
fractures around the screw. The full-wedge 
baseplate (Aequalis™ Perform™ Reversed, 
Wright Medical Group) is now assembled. 
Multiple 1.6-mm holes are drilled into the 

glenoid for better bony integration of the 
implant. Now the wedge baseplate is set in 
place (Fig. 3g). Special attention is needed when 
placing the central screw to prevent rotation 
and false alignment of the wedge onto the 
glenoid (Fig. 1a–c). Further stabilization is 
achieved by using up to four fixation screws, 
which can either be used as compression or 
locking screws (Fig. 3h). In the thick portion 
of the full-wedge augmentation, the choice 
is limited to a compression screw due to the 
implant design. In order to achieve optimal 
stabilization of the additional offset created 
by the wedge augmentation, the peripheral 
screws ideally are longer than the central 
one (Fig. 3i).

REFERENCES
Abdic S, Knowles NK, Walch G, Johnson JA, 
Athwal GS. (2020) �‘Type E2 glenoid bone loss 
orientation and management with augmented 
implants.’ �J Shoulder Elbow Surg;29(7):1460–
1469. doi:10.1016/j.jse.2019.11.009.
Anastasio AT, Bethell M, Okafor C, Levin 
J, Anakwenze O. (2024) �‘Treatment of bony 
Bankart lesion in geriatric patient with re-
verse total shoulder arthroplasty using a half-
wedge augmented glenoid component: a case 
report.’ �JSES Rev Rep Tech;4(4):824–829. 
doi:10.1016/j.xrrt.2023.04.003.
Baumgarten K, Max C. (2024) �‘Reverse 
Total Shoulder Arthroplasty Using Later-
alized Glenoid Baseplates Has Superior 
Patient-determined Outcome Scores at 
Short-term Follow-up.’ �J Am Acad Orthop 
Surg;32(22):e1176–e1185. doi:10.5435/JAAOS-
D-24-00407.
Bobko A, Edwards G, Rodriguez J, South-
worth T, Miller A, Peresada D, et al. (2021) 
‘Effects of implant rotational malposition 
on contact surface area after implanta-
tion of the augmented glenoid baseplate 
in the setting of glenoid bone loss.�’ Int Or-
thop;45(6):1567–1572. doi:10.1007/s00264-
021-05047-9.
Boileau P, Moineau G, Roussanne Y, O’Shea K. 
Bony (2017) �‘Increased Offset-Reversed Shoul�-
der Arthroplasty (BIO-RSA).’ �JBJS Essent 



22 Issues of Rehabilitation, Orthopaedics, Neurophysiology and Sport Promotion – IRONS

Brandon DuBose Bushnell: Taugmented glenoid components in reverse total shoulder arthroplasty

Surg Tech 2017;7(4):e37. doi:10.2106/JBJS.
ST.17.00006.
Contreras ES, Kingery MT, Zuckerman JD, 
Virk MS. (2023) �‘Treatment of Glenoid Wear 
with the Use of Augmented Glenoid Compo-
nents in Total Shoulder Arthroplasty: A Scop-
ing Review.’ �JBJS Rev;11(10). doi:e23.00063; 
10.2106/JBJS.RVW.23.00063.
Endell D, Imiolczyk J, Grob A, Moroder 
P, Scheibel M. (2020) �‘Full-wedge metallic 
reconstruction of glenoid bone deficiency 
in reverse shoulder arthroplasty.’ �Obere Ex-
tremität;15:213–216. doi:10.1007/s11678-
020-00587-9.
Grey SG, Wright TW, Flurin PH, Zuckerman 
JD, Roche CP, Friedman RJ. (2020) �‘Clinical 
and radiographic outcomes with a posteri-
orly augmented glenoid for Walch B glenoids 
in anatomic total shoulder arthroplasty.’ 
�J Shoulder Elbow Surg;29(5):e185–e195. 
doi:10.1016/j.jse.2019.10.008.
Guehring T, Navas L, Westrich J, Zimmerer 
A, Schmidt S, Barrientos M, et al. (2023) 
�‘Analysis and 3D correction of glenoid dys�-
plasia with metal hemi-wedge base plate 
augment: short-term radiographic outcomes.’� 
Arch Orthop Trauma Surg;143(8):4763–4772. 
doi:10.1007/s00402-023-04781-6.
Kirsch JM, Patel M, Singh A, Lazarus MD, 
Williams GR, Namdari S. (2021) �‘Early clinical 
and radiographic outcomes of an augmented 
baseplate in reverse shoulder arthroplasty for 
glenohumeral arthritis with glenoid deform-
ity.’� J Shoulder Elbow Surg;30(7S):S123–S130. 
doi:10.1016/j.jse.2020.12.010.
Levin JM, Bokshan S, Roche CP, Zucker-
man JD, Wright T, Flurin PH, et al. (2022) 
�‘Reverse shoulder arthroplasty with and 
without baseplate wedge.�’ J Shoulder El-
bow Surg;31(12):2488–2496. doi:10.1016/j.
jse.2022.04.025.
Levin JM, Hurley E, Colasanti CA, Roche CP, 
Chalmers PN, Zuckerman JD, et al. (2024) 
‘Utility of superior augments in reverse 
shoulder arthroplasty (Exactech, Equinoxe 
GPS) without significant glenoid deformity.’ 
�J Shoulder Elbow Surg;33(10):2196–2201. 
doi:10.1016/j.jse.2024.01.047.

Liuzza L, Mai DH, Grey S, Wright TW, Flurin 
PH, Roche CP, et al. (2020) ‘Reverse Total 
Shoulder Arthroplasty with a Superior Aug-
mented Glenoid Component for Favard 
Type-E1, E2, and E3 Glenoids.’ �J Bone Joint 
Surg Am;102(21):1865–1873. doi:10.2106/
JBJS.19.00946.
Maggini E, Warnhoff M, Freislederer F, Schei-
bel M. (2024) �‘Metallic Lateralized-Offset 
Glenoid Reverse Shoulder Arthroplasty.’ �JBJS 
Essent Surg Tech;14(3). doi:10.2106/JBJS.
ST.23.00067.
Malahias MA, Chytas D, Kostretzis L, Brilakis 
E, Fandridis E, Hantes M, et al. (2020) �‘Bone 
grafting in primary and revision reverse total 
shoulder arthroplasty for the management of 
glenoid bone loss: A systematic review.�’ J Or-
thop;20:78–86. doi:10.1016/j.jor.2019.12.005.
Mourad W, Wiater JM, Wiater BP, Mar-
tusiewicz A. (2020) �‘Baseplate Options for 
Reverse Total Shoulder Arthroplasty.’ �Curr 
Rev Musculoskelet Med;13(6):769–775. 
doi:10.1007/s12178-020-09677-1.
Parker SJM, Bell SN, Wiemer F, Coghlan JA, 
Clitherow HD, Rayment HM. (2024) �‘Mini�-
mum two-year follow-up of a reverse total 
shoulder arthroplasty using a wedged base-
plate.’ �Shoulder Elbow:17585732241293396. 
doi:10.1177/17585732241293396.
Sandow M, Schutz C. (2016) ‘Total shoulder ar�-
throplasty using trabecular metal augments to 
address glenoid retroversion: the preliminary 
result of 10 patients with minimum 2-year 
follow-up.’ �J Shoulder Elbow Surg;25(4):598–
607. doi:10.1016/j.jse.2016.01.001.
Sandow MJ, Tu CG. (2020) �‘Porous metal wedge 
augments to address glenoid retroversion in 
anatomic shoulder arthroplasty: midterm up-
date.’ �J Shoulder Elbow Surg;29(9):1821–1830. 
doi:10.1016/j.jse.2020.01.101.
Shah A, Werner B, Gobezie R, Denard P, 
Harmsen S, Brolin T, et al. (2024) �‘Quantifying 
bone loss and lateralization with standard-
ized baseplate versus augmented baseplates.’� 
JSES Int;8(5):1055–1062. doi:10.1016/j.
jseint.2024.04.014.
Shields DW, A’Court J, Rashid MS, Monga 
P. (2024) �‘Clinical outcome of wedged 



Brandon DuBose Bushnell: Taugmented glenoid components in reverse total shoulder arthroplasty

glenoid reconstruction in anatomic total 
shoulder arthroplasty for osteoarthritic 
retroverted glenoid: a minimum 2-year follow-
up.�’ JSES Int;8(2):343–348. doi:10.1016/j.
jseint.2023.11.019.
Van de Kleut ML, Yuan X, Teeter MG, Athwal 
GS. (2022) �‘Bony increased-offset reverse 
shoulder arthroplasty vs. metal augments 
in reverse shoulder arthroplasty: a prospective, 
randomized clinical trial with 2-year follow-
up.’ �J Shoulder Elbow Surg;31(3):591–600. 
doi:10.1016/j.jse.2021.11.007.
Virk M, Yip M, Liuzza L, Abdelshahed M, 
Paoli A, Grey S, et al. (2020) �‘Clinical and 
radiographic outcomes with a posteriorly 
augmented glenoid for Walch B2, B3, and 
C glenoids in reverse total shoulder arthro-
plasty.’ �J Shoulder Elbow Surg;29(5):e196–
e204. doi:10.1016/j.jse.2019.09.031.

Werner BC, Lin A, Lenters TR, Lutton D, 
Creighton RA, Port J, et al. (2024) �‘Influence of 
backside seating parameters and augmented 
baseplate components in virtual planning for 
reverse shoulder arthroplasty.’ �J Shoulder 
Elbow Surg;33(6):1352–1359. doi:10.1016/j.
jse.2023.10.024.
Wright MA, O’Leary M, Johnston P, Murthi 
AM. (2025) �‘Advances in Anatomic Total 
Shoulder Arthroplasty Glenoid Implant De-
sign.’ �J Am Acad Orthop Surg;33(2):56–64. 
doi:10.5435/JAAOS-D-23-00257.





25Authors reported no source of funding
Authors declared no conflict of interest

Date received: 18th February 2025
Date accepted: 27th February 2025

Author responsible for correspondence:
Ákos Mátrai 
Traumatology, 
Markusovszky Egyetemi Oktatókórház, Hungary, 
Email: matraiakosdr@gmail.com

Issue Rehabil. Orthop. Neurophysiol. Sport Promot. 2024; 48: 25–33.

DOI: 10.19271/IRONS-000214-2024-48

REVIEW ARTICLE

 DISTAL BICEPS TEARS: DOUBLE APPROACH VS ANCHORS VS ENDOBUTTON – CASE 
SERIES AND LITERATURE OVERVIEW

ZERWANIA DALSZEGO ŚCIĘGNA MIĘŚNIA DWUGŁOWEGO RAMIENIA: PODEJŚCIE 
DWUNACIĘCIOWE VS KOTWICE VS ENDOBUTTON – SERIA PRZYPADKÓW I PRZEGLĄD 
LITERATURY
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ABSTRACT
Introduction
Treatment of a ruptured distal biceps tendon is mostly surgical, however there is still a debate 
and controversy about the surgical approach and the fixation method. 

Purpose
Our purpose is to review the literature and our own cohort regarding single or double incision 
technique, different types of fixation methods and their clinical outcomes. 

Materials and methods
In our review study we included only the complete distal biceps ruptures. A comprehensive 
search was made in the current literature regarding the surgical treatment of distal biceps 
tears. Numerous studies were found comparing single incision versus double incision 
approaches, as also for the type of fixation. Besides the literature found we also reviewed our 
own cohort between 2019–2024. The range of motion (ROM), Disabilities of the Arm, Shoulder 
and Hand (DASH) scores, Mayo Elbow Performance Score (MEPS) scores were assessed, as 
also the complications.

Results
In our cohort, we only used single incision (long „lazy S”, or small horizontal). We did not perform 
double incision in none of the cases. Also, surgeons’ preference was to use anchor or cortical 
button fixation. Small incision technique and cortical button fixation had better cosmesis, 
better MEPS score and lower complication rate (heterotopic ossification, pain, supination). 

Conclusions
Regarding the literature, there was no significant difference between single or double incision 
technique. If using anchors, it is advisable to use two anchors, whcih have the same results 
as endobuttons.

Keywords: single incision, double incision, cortical button, anchor, heterotopic ossification, 
neuropraxia, posterior interosseus nerve
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STRESZCZENIE
Wstęp
Leczenie zerwania dalszego ścięgna mięśnia dwugłowego ramienia jest najczęściej operacyjne, 
jednak nadal istnieje debata i kontrowersje dotyczące wyboru dostępu chirurgicznego oraz 
metody fiksacji. 

Cel
Celem naszej pracy jest przegląd literatury oraz analiza naszego własnego materiału dotyczącego 
techniki pojedynczego i podwójnego nacięcia, różnych metod fiksacji i ich wyników klinicznych. 

Materiał i metody
W naszym przeglądzie uwzględniono wyłącznie całkowite zerwania dalszego ścięgna mięśnia 
dwugłowego ramienia. Przeprowadzono kompleksowe wyszukiwanie aktualnej literatury 
dotyczącej chirurgicznego leczenia tych urazów. Znaleziono liczne badania porównujące po-
dejście jedno- i dwunacięciowe oraz różne metody fiksacji. Oprócz przeglądu literatury prze-
analizowaliśmy również naszą własną kohortę pacjentów operowanych w latach 2019–2024. 
Oceniano zakres ruchu (ROM), wskaźnik DASH (Disabilities of the Arm, Shoulder and Hand), 
wynik MEPS (Mayo Elbow Performance Score) oraz powikłania. 

Wyniki
W naszej kohorcie stosowano wyłącznie dostęp jednonacięciowy (długie nacięcie typu „leniwe 
S” lub małe poziome nacięcie). W żadnym przypadku nie wykonano techniki dwunacięciowej. 
Preferowaną metodą fiksacji było użycie kotwic lub guzika korowego. Technika małego nacięcia 
i fiksacja guzikiem korowym zapewniały lepszy efekt kosmetyczny, wyższy wynik MEPS oraz 
niższy odsetek powikłań (heterotopowe kostnienie, ból, osłabienie supinacji). 

Wnioski
Na podstawie przeglądu literatury nie stwierdzono istotnych różnic między techniką jedno- 
i dwunacięciową. W przypadku stosowania kotwic zaleca się użycie dwóch kotwic, które dają 
wyniki porównywalne z guzikiem korowym.

Słowa kluczowe: pojedyncze nacięcie, podwójne nacięcie, guzik korowy, kotwica, heterotopowe 
kostnienie, neuropraxia, nerw międzykostny tylny

Introduction
Distal biceps tears are relatively uncommon 
injuries, approximately 1.2–2.2 per 100.000 
person per year. Patients are almost exclu-
sively middle-aged men between 30–60 years 
(Miyamoto et al., 2010). They occur after excen-
tric load, lifting heavy items with a popping 
sound. Complete rupture of the distal tendon 
is mostly easy to diagnose just by physical 
examination, like Hook test described by 
O’Driscoll (O’Driscoll et al., 2007, Luokkala et al., 
2020). Partial ruptures may need additional 

special tests, like pronation provocation test 
and diagnostic imaging like FABS view on MRI 
(Caekebeke et al., 2021). There is a consensus, 
that these patients most likely need surgical 
intervention, since it yields better functional 
outcomes. Baker and Bierwagen identified 
decrease in supination strength, supination 
endurance, in elbow flexion strength, and 
elbow flexion endurance compared with the 
operated patients (Baker & Bierwagen, 1985, 
Cuzzolin, et al., 2021). Surgery is only not 
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indicated if the patient is not fit for surgery, 
or low demand patients, who doesn’t want 
intervention (Cuzzolin, et al., 2021).

There are two main determining question 
regarding the surgery, and these are the 
chosen approach and the fixation method. 
Patient must be informed about possible 
complications, that can occur and are more 
frequent related the approach or fixation 
method. These too are the predictors of our 
anatomic or non-anatomic intervention. The 
aim of this literature review is to help in deci-
sion making regarding the evidence. 

Regarding the surgical approach, we can 
make a single incision, with is on the anterior 
aspect of the arm. This can be an extended „lazy 
S” type which can give an excellent view to 
the surgical field. It is now a bit out of fashion, 
but still an option, particularly for chronic 
cases, where grafting is necessary. 

A modification is a minimal invasive, limited 
anterior approach, which can be either 
a continuation of the Henry approach, so 
a longitudinal one, or a vertical approach 
which respects the Langer’s lines. This limited 
approach is positioned over the bicipital tuber-
osity. In case we can’t find or are unable to 
reach or find the stump of the distal biceps 
tendon, we can make an accessory incision 
5–7 cm above the elbow flexion crease, but 
making so, our main approach will be still 
a single incision technique.

Other option is the double incision tech-
nique, which was introduced by Boyd and 
Anderson (Boyd & Anderson, 1961), they 
referred to the ‘‘normal point of insertion 
on the radial tuberosity’’. Later modified 
by Morrey et al, described the insertion as 
the posterior aspect of the radial tuberosity 
(Morrey et al., 1985). The first incision on the 
volar aspect of the elbow to reach the tendon 
stump, and the second incision is a muscle 
splitting approach on the posterolateral side 
of the proximal forearm. After exploring the 
torn distal biceps, a 5–7 cm incision is made 
through the extensor mass. In this way, it is 
easy to reach the bicipital tuberosity, and the 
anatomic insertion.

The main difference is reaching the inser-
tion site is the pro-supination position of the 
forearm to stay away and not to violate the 
PIN (Posterior Interosseus Nerve) (van den 
Bekerom et al., 2016).

After we have made our approach to the 
distal biceps, we must choose our fixation 
method, which can be either an onlay, or inlay 
fixation, metal or metal-free implant. 

Since anchors are available on the market, 
torn ligaments and tendon fixations are made 
easy. Anchors can be metal, or all-suture 
anchors which can get stuck in the bone 
cavity or in the cancellous bone, and they are 
loaded with sutures. Other option is using 
a cortical button. Of course, drill holes, and 
transosseous suture are still an option as well 
as interference screws.

Purpose
The purpose of this paper is giving a review in 
the literature of the state of art in the distal 
biceps tendon fixation considering approaches, 
fixation methods and complications. 

Methods and materials
According to our database, between 2019 and 
2023 we treated 21 patients with distal biceps 
ruptures surgically, and 6 patients conserva-
tive. Surgery was either not indicated, or the 
patient did not want the operative approach. 
Out of those patients, who underwent surgical 
intervention 16 agreed in follow-up. 7 patients 
with cortical button fixation and 9 with metal 
suture anchor (Mitek GII, Johnson & Johnson). 

We checked Mayo Elbow Performance 
Score (MEPS), pain, paresthesia, and radio-
logic control looking for heterotopic ossifica-
tion or radioulnar synostosis. Suture anchor 
fixation was done by 3 shoulder and elbow 
experts, of which 2 always uses an extended 
anterior approach. Limited anterior single 
incision was done by 1 surgeon, as the corti-
cal button fixation too. 

Results
In the suture anchor group, we were able to 
follow up only 9 patients. They were operated 
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by three experts in the field. All of them 
had a single incision technique with a lazy 

“S” type approach, and a fixation method of 
one metal suture anchor. 

7 patients had 100, 1 had 85 and 1 had 80 
points in MEPS score. Regarding the compli-
cations 8 patients developed heterotopic ossi-
fications, of which 3 were severe. 2 patients 
had decreased supination, and supination 
strength. 

In the Endobutton group we were able to 
follow up 6 patients, with one surgeon using 
the limited anterior approach according to 
the lines of Langer. All patients had 100 
points in MEPS, with great patient satisfac-
tion. Regarding the complication 1 patient 
developed a minor HO, one had a neuropraxia 
to LABCN, and one had a transient PIN palsy, 
which has spontaneously recovered. 

Discussion
Complete rupture of the distal biceps is 
mostly easy to diagnose and is treated with 
surgery. Athwal et al. proved (Athwal et al., 
2007), that biceps tendon insertion is located 
on the extreme ulnar margin of the tuberosity, 
and as it approaches the insertion it thickens 
in length and width, thus attaches in an actual 
footprint. Also, it has been shown, that it is 
not a round, cylindrical shape, rather than 
oval. It’s unique in orientation, origination 
as lateral (long) and medial (short) head, 
and inserting 90-degree rotation, so that 
short head inserts distally. From this short 
head, lacertus fibrosis is originating (Baker & 
Bierwagen, 1985). The biceps tendon passes 
over the ridge of the tuberosity to insert 
on its ulnar aspect; the footprint does not 
include the ridge, which functions as a pulley, 
where the tendon is spanned, increasing 
the mechanical advantage. Forthman et al. 
(Forthman et al., 2008) evaluated the inser-
tional anatomy and orientation of the radial 
tuberosity and biceps brachii tendon. 

Radiographic images showed that the 
mean bicipital tuberosity axis of orienta-
tion is 65-degree, but 11 form 30 cadaveric 
specimens had more pronated tuberosity, 

thus, would not be repairable anatomically 
with the current 1-incision techniques.

They concluded that decreased tuberosity 
height reduces the biceps supination moment 
arm, and so limiting the peak supination 
torque. Their recommendation is to assess 
the orientation of the bicipital tuberosity 
through the anterior approach, and if the apex 
is found to be oriented more than 60-degree 
from anterior, a second posterior muscle-
splitting incision is considerable. The fixation 
method can be the conventional method with 
burr and drill holes or with suture anchors. 
If the first method is used, the height should 
be maintained to maximize the supination 
moment arm of the biceps (Athwal et al., 2007, 
(Forthman et al., 2008). Hasan et al. investi-
gated the repair site position, where the mean 
tunnel occupancy of the original footprint 
between the 2 approaches was significantly 
different (Hasan et al., 2012). The virtual bone 
tunnels made from an anterior approach 
were mostly outside the original footprint 
area. An anterior approach would thus lead 
to a lateralized repair of the tendon, almost 
completely outside the original footprint area. 
The posterolateral approach, in contrast, led to 
the placement of the tunnel mostly inside the 
original footprint. A tendon repair thus would 
be more anatomically situated through the 
posterior approach. 2-incision technique using 
a posterolateral muscle-splitting approach 
to the bicipital tuberosity allows for a more 
anatomic repair of a ruptured distal biceps 
tendon as compared with a repair through 
a single anterior incision (Hogea et al., 2023, 
Ernstbrunner et al., 2023).

These studies adumbrate our fixation meth-
ods to achieve strong, as anatomic as possible 
fixation. Anchors are one of the most reliable 
methods to fix tendons, ligaments to the bone. 
These techniques fix the distal biceps on the 
cortical surface. Cortical buttons abut either 
the outer or the inner surface of the cortex 
of the radius. No significant differences exist 
between the IM and EM techniques in loss 
of force and tendon gap formation under 
cyclic loading or load to failure conditions 
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(Aditi et al., 2021). IM fixation may adequately 
facilitate optimal bone-tendon apposition, 
with less risk of iatrogenic injury to the PIN. 
With the cortical buttons, we mostly insert 
our tendon in the bone (Bain et al., 2000), but 
also, we can do an onlay fixation too (Bell-
ringer et al., 2020). There was no significant 
difference in bone-tendon healing in onlay 
or inlay technique, suggesting no need to put 
the stump of the distal biceps in the bone 
cavity (Pierreux & Carlier, 2023).

Endobutton fixation was first promoted by 
Bain et al. from a single anterior approach 
bone (Bain et al., 2000). The cortical button 
was delivered through the far cortex and lock 
it there. The later Phadnis and Bain suggested 
a more anatomic reconstruction with an 
onlay technique and endobutton fixation, but 
on the anterior cortex (Bellringer et al., 2020). 
Siebenlist et al.18, 19 concluded in their 
study that double intramedullary cortical 
button fixation provides significantly higher 
loads to failure than single intramedullary 
or extramedullary cortical button recon-
struction in a biomechanical setup (Sieben-
list et al., 2019, Siebenlist et al., 2011). 

The other fixation method is the suture 
anchor, where the most frequently used 
implant was Mitek GII, but unfortunately 
this had the highest rerupture and failure rate 
(Citak et al., 2011). However, the number of 
anchors required for a stable fixation remains 
unclear, as most studies use two or even more 
anchors for tendon refixation, Weißenberger 
et al. reported a case repost with bilateral 
tendon rupture, where one side was treated 
with one, the other with two anchors (Weißen-
berger et al., 2020). They found that one-point 
fixation might provide enough tendon healing, 
a safe and stable fixation technique with both 
patient-related and economic benefits. Also, 
there was no significant difference in the 
type of anchor used. More recently metal-
free anchors are favorable. A recent study by 
Otto et al. showed no significant difference 
in mean peak failure load or repair construct 
stiffness between titanium suture anchor and 
all suture anchors (Otto et al., 2019). A recent 

meta-analysis demonstrated no significant 
difference in postoperative strength ratio 
to the uninjured limb with flexion and supi-
nation strength when comparing cortical 
buttons, suture anchors, and transosseous 
suture. Citak et al. compared Corkscrews, 
Mitek anchors or transosseous sutures, where 
they found comperable results to the other 
techniques (Citak et al., 2011). Lappen et al. 
presented their study using all-suture anchors, 
where they found good-to-excellent results in 
terms of clinical outcome, ROM, and restora-
tion of strength (Lappen et al., 2023). Colan-
tonio et al. presented their study on twenty 
paired fresh-frozen human cadaveric elbows, 
where they were randomized to onlay distal 
biceps repair (Colantonio et al., 2022). The 
authors concluded that distal biceps repair 
with 2 all-suture anchors has similar maxi-
mum strength to repair with an intramedul-
lary button and that both are viable options 
for fixation.

Complications
Different surgical approaches and fixation 
methods have different complications. Higher 
complication rate in 1-incision techniques as 
compared with 2-incision techniques, and 
most of these complications are minor and 
transient. The most frequent complication for 
the single incision is the neuropraxia of the 
lateral antebrachial nerve (LABCN) (Matzon 
et al., 2019). Single-incision technique had 
a greater rate of overall nerve palsy (PIN, 
LABC nerve, and radial nerve) and rerupture 
rates compared with the double-incision 
technique. The double-incision technique 
had greater rates of heterotopic ossification 
compared with the single-incision approach 
(Amin et al., 2016).

Bucci et al. reported a fracture of the proxi-
mal radius, which appears to be very rare. 
Because the fracture was undisplaced, and the 
tendon repair had its integrity, conservative 
treatment was chosen. At 3 months’ follow-
up, the fracture had successfully healed with 
anatomic alignment on radiographic studies 
(Bucci et al., 2020).
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Double incision technique was associated 
with higher rates of radioulnar synostosis, 
which could be caused by penetrating the 
interosseus membrane, or the bone trough.  
Following tables show the most complications 
regarding incision or fixation method (Amara-
sooriya et al., 2020, Amin et al., 2016). 

Heterotopic ossification (HO) incidence was 
similar for most fixation techniques: corti-
cal button (6.1%), interference screw (5.8%), 
suture anchors (5.4%), bone tunnel (4.9%). The 
incidence of HO was lower when button and 
screw fixation was utilized (1.5%). This study 
also confirmed that the incidence of HO is 

Mean ASES elbow scores over time for the two 
groups. Pain subscale (p = 0.89). Function sub-
scale (p = 0.46) (Grewal et al., 2012).

Patient-reported pain and disability over time for the 
two groups. Mean DASH score (p = 0.89). Mean PREE 
Score (p = 0.73) (Grewal et al., 2012).

higher with the double incision technique. 
Following tables show the most complica-
tions regarding incision or fixation method. 
Dave et al. proved, that indomethacin is not 
necessary to use this routinely due to its 
limited efficacy in preventing HO and poten-
tial risks (eg, GI upset, bleeding) associated 
with the medication (Dave et al., 2024). Also 
a recent study showed, that three weeks of 
indomethacin was not superior to meloxicam 
for 1 week for the prevention of HO after 
single-incision distal biceps tendon repair 
(Wörner et al., 2022).
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Conclusion
Distal biceps tears are to be treated mostly 
surgical. Single incision and double incision 
techniques both provide excellent outcomes. 
No statistical difference was found in the 
forementioned approaches or fixation meth-
ods regarding outcomes. Some complica-
tions were more likely associated with the 
approach, thus those operated with single 
incision had more complaints about lateral 
antebrachial cutaneous nerve neuropraxia, 
double incision with radioulnar synostosis, 
and some with the implant used.

In our cohort, extended anterior, single 
incision had significantly more heterotopic 
ossification, pain compared to limited single 
incision. There was no significant differ-
ence in MEPS and DASH scores. Cosmesis 
although played little role, limited incision 
had better subjective results.

Considering all the facts and evidence, 
techniques, probably the most anatomic 
repair with the least complication rate is 
a double fixation onlay technique with 
intramedullary cortical button from single 
incision to reduce heterotopic ossification 
and synostosis.
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ABSTRACT
Introduction. Apart from the undisputable advantages of intraoperative neuromonitoring 
using the recording of motor evoked potentials (MEPs) used during spine surgery, there are 
certain limitations of this method that may give rise to doubts about its actual reliability. The 
presented narrative review aims to discuss some pros and cons of neuromonitoring during 
scoliosis surgery. Methods and results. The anaesthesiology-related influences, like neuro-
muscular blockade (0.5 mg/kg of Rocuronium bromide), seem to moderate evoke the dimin-
ishing of the MEPs amplitude parameters, especially when they are recorded from nerves in 
comparison to the muscles recordings in lower extremities. The proper communication between 
the anesthesiologist and the neurophysiologist in maintaining the relationship between 
Bispectral Index Monitor (BIS, 40–60) and applied transcranial electrical stimulation stimulus 
strength (TES, 130–95 mA) is crucial. The non-invasive approach for paediatric purposes of 
using the surface electrodes during MEP recordings in scoliosis surgery has been proven to 
be as precise enough as the needle approach. Disadvantages of using surface electrodes may 
include technical aspects related to their higher resistance than needle electrodes and their 
possible displacement from the bioelectric signal source, effectively resolved by adhesive, 
hermetic, and sterile protection tape. Conclusions. “Real-time neuromonitoring”, intraopera-
tive neuromonitoring mainly based on simultaneous recording, inspection and comparison 
of evoked potential and camera parameters by neurophysiologists, reduces surgery duration 
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and minimizes anaesthesia’s impact on cardiac and vascular systems and the nervous system. 
This requires advanced knowledge of the neuromonitoring person regarding the subsequent 
steps of the surgical procedure during scoliosis correction.

Keywords: neurophysiological neuromonitoring, motor evoked potentials recordings, advan-
tages and disadvantages, pitfalls

STRESZCZENIE
Wprowadzenie. Oprócz niewątpliwych zalet śródoperacyjnego neuromonitoringu z wykorzy-
staniem rejestracji ruchowych potencjałów wywołanych (MEP) stosowanych podczas operacji 
kręgosłupa, istnieją pewne ograniczenia tej metody, które mogą budzić wątpliwości co do jej 
faktycznej niezawodności. Przedstawiony przegląd narracyjny ma na celu omówienie niektó-
rych zalet i wad neuromonitoringu podczas operacji skoliozy według opinii innych ekspertów 
i naszych własnych doświadczeń. Metody i wyniki. Wpływy związane z anestezjologią, takie jak 
blokada nerwowo-mięśniowa (0,5 mg/kg bromku rokuronium), wydają się nieznacznie zmniejszać 
parametr amplitudy MEP, zwłaszcza gdy są rejestrowane z nerwów w porównaniu do rejestracji 
z mięśni kończyn dolnych. Właściwa komunikacja między anestezjologiem a neurofizjologiem 
w utrzymaniu odpowiedniej zależności między Bispectral Index Monitor (BIS, 40–60) a zasto-
sowaną siłą bodźca przezczaszkowej stymulacji elektrycznej (TES, 130–95 mA) ma kluczowe 
znaczenie. Nieinwazyjne podejście do celów pediatrycznych polegające na stosowaniu elektrod 
powierzchniowych podczas rejestracji MEP w chirurgii skoliozy okazało się równie precyzyjne 
jak podejście igłowe, nawet jeśli amplituda sygnału rejestrowanego z mięśnia była o połowę 
mniejsza. Wady stosowania elektrod powierzchniowych mogą obejmować aspekty techniczne 
związane z ich wyższą opornością niż elektrod igłowych oraz ich możliwym przesunięciem 
od źródła sygnału bioelektrycznego, skutecznie rozwiązywanym przez klejącą, hermetyczną 
i sterylną taśmę ochronną. Wnioski. „Neuromonitoring w czasie rzeczywistym”, śródoperacyjny 
neuromonitoring oparty głównie na jednoczesnym rejestrowaniu, badaniu i porównywaniu 
potencjałów wywołanych i parametrów z kamery przez neurofizjologa, skraca czas trwania 
operacji i minimalizuje wpływ znieczulenia na układy sercowo-naczyniowy i nerwowy. Wy-
maga to zaawansowanej wiedzy od osoby neuromonitorującej, dotyczącej kolejnych etapów 
procedury chirurgicznej podczas korekcji skoliozy. Wreszcie zwiększa bezpieczeństwo operacji 
poprzez ograniczenie komunikacji chirurg-neurofizjolog i uniknięcie ryzyka dekoncentracji.

Słowa kluczowe: neuromonitoring neurofizjologiczny, rejestracja ruchowych potencjałów 
wywołanych, zalety i wady, pułapki

Introduction
Adolescent idiopathic scoliosis (AIS) surgery 
aims to distract and derotate the spine patho-
logical curvature with no neurological side 
effects as well as to improve the spine biome-
chanical abilities and silhouette aesthetic. 
The incidence of neurological complications 
following scoliosis surgery was identified at 
3.2% in 2010 (Malhorta and Shaffrey 2020), 
and in 2020 it was already 8.2%, due to the 
need for more AIS surgeries and increasingly 

complex techniques bringing the increase 
of risk following the curvature correction. 

Motor evoked potentials (MEP) are consid-
ered as more useful for neurophysiological 
intraoperative monitoring than somatosensory 
evoked potentials (SEP) in cases of surger-
ies applied for patients with AIS (Darosze-
wski et al., 2023). Somatosensory evoked 
potentials from the very beginning of its clini-
cal intraoperative used to verify the conduction 
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of afferent pathways were burdened with the 
instability of parameters, mainly amplitude 
of recording at subsequent stages of surgical 
procedures and the influence of changes in 
the anaesthesia level (Padberg et al.,1998). The 
principles of their utilization are recordings 
at different levels of afferent transmission 
in peripheral and central nervous systems 
following electrical stimulation of lower 
extremity nerves. The average amplitude 
of SEP in normal conditions ranges from 
2–10µV, but in AIS patents at about 1–2µV. On 
the other hand, the motor evoked potentials 
induced with magnetic field transcranially 
and recorded at different levels of efferent 
transmission in central and peripheral nerv-
ous systems, mainly from muscles, do not 
require averaging. The amplitude of MEP 
ranges in normal conditions at 500–4000µV, 
while in AIS patients at 200–1500µV. It is 
evident that utilization of the latter is easier 
because no averaging is required, however 
MEP can be affected by anaesthesia and 
relaxation procedures applied during AIS 
surgery (Charalampidis et al. ,2020). The 
solution to this problem is to record MEPs 
from nerves along their anatomical course 
rather than from muscles (Garasz et al. 2023), 
avoiding the effect of anaesthetic relaxation 
at the level of the neuromuscular synapse; 
one of the best candidates is the peroneal 
nerve at the level of the popliteal fossa 
(Daroszewski et al., 2024). 

Apart from the undoubted advantages of 
intraoperative neuromonitoring using the 
recording of motor evoked potentials during 
spine surgery, there are certain limitations 
of this method. They may be related to the 
effects of transcranial electrical stimula-
tion (TES), related to the effects of muscle 
relaxation and anaesthesia, related to the 
interpersonal relationship between the anaes-
thesiologist and the surgeon and related to 
the patient’s health status as well as intraop-
erative neuromonitoring (IONM) technical 
issues. This review is devoted to the above-
mentioned aspects as the pros and cons of 
the IONM utilization. 

Patients, methods, results and discussion
Exclusion criteria for TES application to 
evoke MEPs during the neuromonitoring 
include pregnancy, which is usually rare 
because of the AIS patient’s young age. The 
same holds for epilepsy as the possible iatro-
genic TES-induced exogenic effect; therefore, 
multiple brain stimulation in a short period 
with trains of the electrical pulses in epilep-
tic-treated patients is forbidden (MacDonald 
2002). Patients with past cortical lesions or 
skull surgeries, convexity skull vault defects, 
raised intracranial pressure, cardiac diseases, 
applied proconvulsant medications or anaes-
thetics, implanted intracranial electrodes, 
vascular clips or shunts, cardiac pacemakers, 
and other implanted biomedical devices are 
of the special precautions or even abandoned 
for TES (Pastorelli et al., 2011).

The success of scoliosis correction without 
complications in the functioning of the nerv-
ous system depends primarily on the master-
ful skills of the surgeons and nursing staff. 
The significant influence comes from good 
cooperation between the neurophysiologist 
and anaesthesiologist performing neuromoni-
toring at every stage of the surgical procedure. 
The appropriate communication between the 
anesthesiologist and the neurophysiologist 
in maintaining the suitable depth of anaes-
thesia employing a relationship between 
Bispectral Index Monitor (BIS, 40–60) and 
applied transcranial electrical stimulation 
stimulus strength (TES, 130–95 mA) is crucial 
for good neuromonitoring conditions and 
stable MEP amplitude recording (Darosze-
wski et al., 2023a).

The anaesthesiology-related influences, like 
neuromuscular blockade (0.5 mg/kg of Rocu-
ronium bromide), seem to moderate evoke the 
diminishing of the MEPs amplitude param-
eters, especially when they are recorded from 
nerves in comparison to muscles of lower 
extremities (Daroszewski 2023).

Our experience relating to the concept of 
“Surgeon -neurophysiologist” (neuromonitor-
ing based on interactive verbal reports) versus 
the concept of “Real-time neuromonitoring” 
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(based on the simultaneous MEPs record-
ings with the direct visual inspection of the 
operation field via the camera, without verbal 
reports) confirms a safer and shorter course 
of scoliosis correction surgery in cases where 
the latter was used. A greater increase in the 
surgeon’s concentration was demonstrated, 
due to lower bidirectional communication 
with about 1 hour shorter averaged time of 
surgery (Daroszewski 2023a). 

One of the most important aspects limiting 
the difficulties of intraoperative neuromoni-
toring is the precise diagnosis of the neurologi-
cal condition of the patient with scoliosis, with 
particular emphasis on the transmission of 
the spinal cord pathways conducting efferent 
neuronal impulses (Iorio et al. 2016). This can 
be achieved by estimating more the amplitude 
than latency parameters of MEP recordings 
performed preoperatively following tran-
scranial single-pulse magnetic stimulation 
(TMS). The similar amplitude parameters 
in recordings from analogous muscles and 
nerves on the left and right sides should be 
observed following TMS and TES (Figure 1).

In a significant percentage of operated 
scoliosis patients, improvement in the efferent 
transmission is visible immediately after the 
application of corrective instrumentation (33% 
of 525 operated scolioses), postoperatively 
the day after surgery in 45%, a week after 
the surgery in 65%, and half a year after the 
surgery in 92%.

In parallel with bilateral intraoperative MEP 
recordings, EMG recordings of spontaneous 
activity can provide valuable information 
about the effects of anesthesia or the effect of 
performed surgical procedures. An increased 
amplitude parameter in EMG recordings 
above 100 µV characterizing increased muscle 
tension, can be a sign of “shallow anesthesia”. 
In addition, visible “burst-like” spontane-
ous activity in EMG recordings correlates 
with a deterioration of the MEP amplitude 
parameter, being a sign of neural structures 
irritation (Figure 2).

The non-invasive approach for paediatric 
purposes of using the surface electrodes 

during MEP recordings in scoliosis surgery 
has been proven to be as precise enough as 
the needle approach (Daroszewski et al., 2023, 
Gadella et al., 2023, Dulfer et al., 2023), even 
if the amplitude of the signal recorded from 
muscle or nerve was about half as small in 
normal conditions. Disadvantages of using 
surface electrodes may include technical 
aspects related to their higher resistance 
than needle electrodes and their possible 
displacement from the bioelectric signal 
source, effectively resolved by hermetic, sterile 
tape protection (Daroszewski et al., 2024). The 
lack of bruising and extravasation following 
the use of needle (Darcey et al., 2016) versus 
surface electrodes is a convincing argument 
for neuromonitoring performed in children 
with scoliosis. 

MEP recordings may be distorted by signals 
from devices generating the external electric 
and magnetic fields, cauterizers, coagulators, 
X-ray devices, operating lamps, and anaesthe-
sia unit systems (Carl et al., 2010). 

MEP recording aberrations caused by acci-
dental electrode disconnection or body move-
ment artifacts are rare. Occasional protrusion 
of subcutaneous needle-stimulating elec-
trodes implanted overcranially caused by 
movement artifacts can lead to false alarms 
due to the lack of MEP potential recordings 
(Deletis 2007, Kobayashi et al., 2017, Mac 
Donald 2006). 

Heating bone and muscle structures with 
a cautery during surgical spine exposure 
in the MEP recordings can be temporarily 
expressed by slowing down the conduction of 
nerve impulses within the fibers of the spinal 
pathways, usually eliminated by cooling the 
surgical field with a physiological saline solu-
tion (Daroszewski 2023a). Moreover, accidental 
contact of the cautery with the transpedicular 
screw can cause a massive movement artifact 
caused by the stimulation of the root struc-
tures or the spinal cord itself with electrical 
charges, affecting the temporary decrease in 
the amplitudes of the recorded MEP. 

According to our observations, the para-
doxical distribution of motor centres located 
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Figure 1. Comparison of motor evoked potential recordings from muscles and nerves preoperatively (A) and intra-
operatively (B) before implantation of corrective instrumentation. The potentials were induced transcranially with 
magnetic field stimuli (A, TMS) and electrical stimuli (B, TES). Note the similar amplitude parameters in recordings 
from analogous muscles and nerves on the left and right sides. Abbreviations: R – right side, L – left side, RF – rectus 
femoris muscle, TA – tibialis anterior muscle, PER – peronal nerve

Juliusz Huber et al.: Some pros  and cons of the neuromonitoring during the scoliosis surgery…

Figure 2. Examples of intraoperatively recorded EMG with amplitude parameters exceeding 100 µV could be a sign 
of low anaesthesia level (A) and “burst-like” spontaneous activity (B, indicated by the bracket) correlates with a de-
terioration of the MEP amplitude parameter, being a sign of neural structures irritation. Abbreviations: R – right 
side, L – left side, RF – rectus femoris muscle, TA – tibialis anterior muscle, AHL – abductor halluces longus muscle
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rostrally to the Rolandic sulcus (in 9% of 525 
scoliotic patients) may not be consistent with 
the 10–20 system calculation. Still, it can be 
verified by preoperative MEP recordings and 
marking the stimulation electrodes insertion 
sites for TES purposes.

Despite the significant development of 
equipment for recording evoked potentials 
during neuromonitoring during scoliosis 
correction, using motor rather than soma-
tosensory evoked potentials seems more 
justified, especially in patients with a large 
lateral curvature angle of the spine. Although 
initial attempts to involve AI in intraoperative 
neuromonitoring services in spine surgery 
are already reported in the media, too many 
variables resulting from external factors 
mentioned in this review that may affect 
the procedure’s success indicate moderate 
involvement in the future.

Conclusions
Intraoperative neuromonitoring, using the 
recording of motor evoked potentials during 
scoliosis surgery provides more pros than 
cons. Limitations of this method may be 
related to the effects of transcranial electrical 
stimulation (TES), the effects of anaesthesia 
procedures, the interpersonal relationship 
between neurophysiologists, anesthesi-
ologists and the surgeon, and rarely the 
neuromonitoring technical issues. “Real-
time neuromonitoring” shortens the dura-
tion of surgery, minimizes the impact of 
anesthesia on the cardiovascular and nerv-
ous systems, and increases the safety of 
surgery for patients with scoliosis. However, 
this requires advanced knowledge of the 
neuromonitor regarding the neurophysiol-
ogy of the nervous and muscular systems 
and the subsequent stages of the surgical 
procedure during scoliosis correction. This 
strategy provides comfort to the operating 
team, reducing the risk of attention disor-
ders during the necessary communication 
between the surgeon and neurophysiologist.
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ABSTRACT
This paper is focused on analysis of current state of healthcare advocacy within orthopedic 
surgery, specifically focusing on shoulder and elbow surgery in Poland. While the Polish 
healthcare system has achieved significant improvements since 1989, challenges persist, 
particularly in funding and accessibility of specialized care. Orthopedic surgery, including 
shoulder and elbow procedures, has been comparatively underfunded, leading to long waiting 
times and a shift of procedures from the public to the private sector. The Polish Shoulder and 
Elbow Society (PSES), established in 2015, has successfully fostered education and research 
but lacks a formal framework for political advocacy. This gap limits the society’s ability to 
influence healthcare policy and funding. The study highlights the need for increased surgeon 
engagement in advocacy to address funding disparities and improve patient access to special-
ized orthopedic care. It emphasizes the necessity for the PSES to establish formal channels 
for cooperation with policymakers to ensure that the concerns of shoulder surgeons are 
addressed. Future directions include developing structured advocacy programs and foster-
ing greater political engagement within the medical community to improve the quality and 
accessibility of shoulder and elbow surgery in Poland.
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STRESZCZENIE
Niniejsza praca koncentruje się na analizie obecnego stanu orędownictwa w ochronie zdrowia 
w zakresie chirurgii ortopedycznej, ze szczególnym uwzględnieniem chirurgii barku i łokcia 
w Polsce. Chociaż polski system opieki zdrowotnej od 1989 roku przeszedł znaczące zmiany, 
nadal istnieją wyzwania, zwłaszcza w zakresie finansowania i dostępności specjalistycznej 
opieki. Chirurgia ortopedyczna, w tym procedury dotyczące barku i łokcia, jest relatywnie 
niedofinansowana, co prowadzi do długich czasów oczekiwania i przenoszenia zabiegów 
z sektora publicznego do prywatnego.

Polskie Towarzystwo Barku i Łokcia (PTBŁ), założone w 2015 roku, skutecznie wspiera 
edukację i badania naukowe, jednak brak formalnych struktur rzecznictwa politycznego 
ogranicza jego wpływ na politykę zdrowotną i alokację funduszy. Analiza wskazuje na po-
trzebę większego zaangażowania chirurgów w działania orędownicze w celu zmniejszenia 
nierówności w finansowaniu oraz poprawy dostępu pacjentów do specjalistycznej opieki 
ortopedycznej. Podkreślono konieczność utworzenia przez PTBŁ formalnych kanałów współ-
pracy z decydentami politycznymi, aby zagwarantować uwzględnienie potrzeb chirurgów 
barku w procesie kształtowania polityki zdrowotnej.

Kierunki przyszłych działań obejmują opracowanie strukturalnych programów rzeczni-
czych oraz zwiększenie zaangażowania politycznego środowiska medycznego w celu poprawy 
jakości i dostępności chirurgii barku i łokcia w Polsce.

Słowa kluczowe: orędownictwo, bark, ortopedia, opieka zdrowotna

Introduction
The role of surgeons in healthcare advocacy
Role of advocacy in orthopedic surgery in 
Poland, and even more so in shoulder and 
elbow surgery has never been described or 
deeply analyzed. Apart from surgical training 
and practice that are core of our professional 
lives, we are starting to realize the necessity 
to navigate the intricacies of healthcare regu-
lations, medical education, societal health 
awareness, and the funding mechanisms that 
support surgical procedures. They all have 
major impact on our patients and what we 
do in our daily clinical practices. 

We have debated that issue over the years, 
as we have founded and built our society in 
Poland. Yet only recently raised that issue 
to understand the situation thoroughly to 
address it effectively. 

The lack of advocacy in orthopedic surgery
While there have been calls for greater engage-
ment by surgeons in healthcare advocacy, 
particularly in the field of orthopedics, there 
remains a lack of comprehensive knowledge 

on this subject, especially in Poland. This 
issue extends beyond our borders and is 
not confined to orthopedic surgery alone. 
Advocacy is not a routine part of medical or 
specialty training, and its definition is often 
unclear. The actions required for advocacy in 
healthcare, particularly in orthopedics and 
shoulder surgery, remain underexplored. Most 
literature on medical advocacy comes from 
the United States, where government regula-
tions intersect closely with healthcare deliv-
ery. The development of advocacy programs 
in the U.S. has been well-documented, with 
organizations like the American Academy 
of Orthopaedic Surgeons (AAOS) leading 
efforts in the political arena. Through the 
establishment of Political Action Committees 
(PACs), the AAOS has created a platform for 
orthopedic surgeons to become involved in 
the advocacy process, focusing on supporting 
legislation that benefits musculoskeletal care 
providers. Various levels of involvement have 
been described, from voter participation to 
active campaigning and financial support for 
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relevant causes (Abboud et al., 2018, Davis 
2021, Earnest et al., 2010, Kirkpatrick et al., 
2020, Luft 2017).

In Poland, however, there is no such well-
established framework. The Polish Shoulder 
and Elbow Society (PSES), which represents 
shoulder surgeons in the country, has yet to 
engage in significant advocacy efforts. This 
gap raises the question: how can we ensure 
that our voices are heard, and our concerns 
are addressed, particularly when it comes 
to the funding and organization of shoulder 
surgery services?

The healthcare system in Poland: achieve-
ments and challenges
Poland has seen significant improvements 
in its healthcare system since the political 
transformation in 1989. Life expectancy has 
risen, and infant mortality has decreased 
substantially. According to the Organization 
for Economic Co-operation and Development 
(OECD), Poland performs above the OECD 
average in nearly 32% of health indicators, 
including health status, risk factors, and 
quality of care. Despite these successes, chal-
lenges remain, including persistent funding 
shortages and inefficiencies in service deliv-
ery (OECD 2023, Nieszporska 2017).

The Polish healthcare system consists of 
two main sectors: public and private. The 
National Health Fund (NFZ), which finances 
the public sector, provides near-universal 
coverage to 91% of the population. The private 
sector accounts for a smaller portion of 
healthcare spending but has grown stead-
ily due to long waiting times in the public 
system. Approximately 40% of patients use 
both public and private healthcare services, 
and 37% rely solely on the public system. 
Although the public system covers the major-
ity of healthcare expenses, gaps persist. 
Primary care and hospital care are largely 
financed publicly, but outpatient pharmaceu-
ticals are not fully covered. Dental services 
are another area of exclusion from public 
benefits, leading to challenges in accessing 
comprehensive care.

Hospital infrastructure in Poland is mostly 
publicly owned, with regional government 
bodies managing most facilities. While some 
private hospitals focus on elective proce-
dures, public hospitals tend to perform more 
complex surgeries, particularly in special-
ized fields. However, the diagnosis-related 
group (DRG) payment system has led to 
inefficiencies in care coordination and finan-
cial sustainability, contributing to financial 
pressures on the public healthcare system.

Despite financial constraints, Poland’s 
healthcare system has seen reforms targeting 
key health issues such as cancer, cardiovas-
cular diseases, and mental health. However, 
orthopedics, including shoulder surgery, has 
not received sufficient funding compared to 
other specialties. While funding for hip and 
knee arthroplasties has increased, funding 
for shoulder surgery remains limited, leading 
to long waiting times and reduced accessibil-
ity in the public sector (Medical Procedure 
Report 2024, Central Base 2024). 

Shoulder and elbow surgery: challenges in 
the polish system
The practice of shoulder and elbow surgery 
in Poland has been significantly impacted 
by the national healthcare system. Some 
procedures are covered by the public system, 
but many are performed in the private sector. 
The lack of accurate data on the proportion 
of procedures in each sector complicates 
the analysis. However, it is clear that many 
shoulder procedures, especially arthros-
copies, have shifted from the public to the 
private sector. The main drivers behind this 
shift include inadequate reimbursement 
rates for arthroscopic surgeries, long wait-
ing lists, and the migration of specialists to 
the private sector.

The reimbursement for shoulder surgery in 
public hospitals is low and often not related 
to complexity of pathology. This has made 
shoulder arthroscopy economically unfeasi-
ble for many hospitals, leading to a reduction 
in the number of these procedures. Conse-
quently, the number of shoulder surgeries in 
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the public system has decreased, with many 
patients turning to private providers for care. 
In the private sector, patients bear the full 
cost of the procedures, and it is related often 
to the complexity of the surgery.

The disparity in reimbursement and access 
between the public and private sectors has 
important implications for the availability 
and quality of shoulder surgery in Poland. 
While some highly trained surgeons perform 
these procedures in the private sector, the 
cost remains a barrier for many patients. The 
financial strain on the public system means 
that many patients face long waiting times or 
are unable to access specialized care. (Medical 
Procedure Report 2024, Central Base 2024, 
Sowada et al., 2022).

The Polish Shoulder and Elbow Society: 
growth and challenges in advocacy
The Polish Shoulder and Elbow Society (PSES) 
was established in 2015 as an independent 
organization. Its primary goal has been to 
improve professionalism within the field of 
shoulder and elbow surgery in Poland. The 
society has seen rapid growth, from 28 found-
ing members to 120 active members. PSES 
aims to integrate a diverse range of profession-
als, including physiotherapists, medical stu-
dents, and researchers, to promote education 
and research in shoulder and elbow surgery.

Despite its success in fostering collabora-
tion and promoting education, the society’s 
involvement in advocacy and policy change 
is still in its infancy. One of the main reasons 
for this is the lack of political engagement 
within the medical community. The healthcare 
system’s political processes have historically 
focused on other areas of health, such as 
cancer or cardiovascular diseases, rather than 
specialized surgery fields like orthopedics.

The PSES has made efforts to raise aware-
ness about the challenges faced by shoulder 
surgeons in Poland, including limited funding 
and long waiting lists. However, there is no 
official channel for the society to cooperate 
with policymakers, such as the Polish Parlia-
ment or the Ministry of Health. This lack of 

engagement with the political process limits 
the society’s ability to advocate effectively for 
the necessary changes in healthcare funding 
and access.

Conclusions and future directions
The Polish Shoulder and Elbow Society, despite 
its relatively small size, is playing a crucial 
role in advancing shoulder surgery in Poland. 
The society’s focus on education, research, 
and integration has helped to improve the 
professionalism of the field. However, the 
impact of the society on political and economic 
changes remains limited. There is a pressing 
need for more structured involvement in 
healthcare policy, particularly in advocating 
for increased funding and improved access 
to shoulder surgeries.

While Poland’s healthcare system has made 
significant strides since the political trans-
formation of 1989, it still faces challenges, 
particularly in the funding and accessibility 
of specialized care. The society’s continued 
efforts to raise awareness, promote research, 
and collaborate with other organizations 
will be crucial in ensuring that shoulder 
surgery receives the attention and resources 
it deserves.

In conclusion, despite the limitations 
imposed by the healthcare system and politi-
cal constraints, shoulder surgery in Poland 
continues to progress. This progress is largely 
due to the enthusiasm and collaboration of 
dedicated surgeons and healthcare profession-
als who are committed to improving the field. 
The future of shoulder and elbow surgery in 
Poland depends on continued advocacy, both 
within the medical community and in the 
broader political arena, to ensure that patients 
have access to high-quality care. Yet, we do 
have major tasks as community to improve, 
get involved in health care policies and see the 
medical profession beyond operating theater. 
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Conflict to interest
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interest statement from each author. Authors 
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tionships that could influence their work or 
declare the absence of any conflict of interest. 

Angielska wersja oraz polskie streszczenie są 
obowiązkowe. Powinny one być zorganizo-
wane w następujący sposób: strona tytułowa, 
streszczenie, wprowadzenie, cel, materiał 
i metody, wyniki, dyskusja, wnioski, podzię-
kowania, deklaracja konfliktu interesów, pi-
śmiennictwo oraz objaśnienia rycin. Wszystkie 
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jest zdefiniowany, jako ten, który w znaczny 
sposób przyczynił się do koncepcji i rozwoju 
maszynopisu. Autorstwo powinno opierać 
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z powyższą definicją.

Współtwórcy
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Konflikt interesów
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nie o braku konfliktu interesów od każdego 
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The Author’s conflict of interest should be 
included under Acknowledgements section.

Abbreviations
Abbreviations should be defined at first 
mention by putting abbreviations between 
brackets after the full text. Ensure consistency 
of abbreviations throughout the article. Avoid 
using them in the title and abstract. Abbre-
viations may be used in tables and figures if 
they are defined in the table footnotes and 
figure legends.

Trade names
For products used in experiments or meth-
ods (particularly those referred to by a trade 
name), give the manufacturer’s full name and 
location (in parentheses). When possible, use 
generic names of drugs.

Title page
The first page of the manuscript should 
contain the title of the article, authors’ full 
names without degrees or titles, authors’ 
institutional affiliations including city and 
country, and a running title, not exceeding 
40 letters and spaces. The first page should 
also include the full postal address, e-mail 
address, and telephone and fax numbers of 
the corresponding author.

Summary
The abstract should not exceed 250 words and 
should be structured into separate sections: 
Introduction, Aim, Material and Methods, 
Results, and Conclusions. It should concisely 
state the significant findings without refer-
ence to the rest of the paper. The abstract 
should be followed by a list of 3 to 6 Keywords. 
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article (avoid words already used in the title).

jakiegokolwiek konfliktu interesów. Informa-
cja o konflikcie interesów autorów powinna 
być ujęte pod sekcją podziękowań.

Skróty
Skróty powinny być zdefiniowane przy pierw-
szej wzmiance, umieszczając skrót w nawiasie 
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(w nawiasach). Jeśli to możliwe, używać nazw 
rodzajowych leków.

Strona tytułowa
Pierwszej strona maszynopisu powinna za-
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rów z miastem i krajem oraz tytuł skrócony 
nieprzekraczający 40 liter wraz ze spacjami. 
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dane autora do korespondencji: pełny adres 
pocztowy, adres e-mail oraz numery telefonu 
i faksu.

Streszczenie
Streszczenie nie powinno przekraczać 250 
słów i powinno być podzielone na oddzielne 
sekcje: Wprowadzenie, Cel, Materiał i metody, 
Wyniki i Wnioski. Powinno być zwięzłe oraz 
wskazywać znaczące wyniki. Streszczenie 
powinno zawierać od 3 do 6 słów kluczowych. 
Powinny one odzwierciedlać główny temat 
artykułu (unikać słów wykorzystanych już 
w tytule).
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The following categories of articles can be 
proposed to Issue of Rehabilitation, Ortho-
paedics, Neurophysiology and Sport Promo-
tion – IRONS:

Original papers
Manuscripts in this category describe the 
original results from the field of rehabilitation, 
physiotherapy, orthopaedics, and neurophysi-
ology as well as topics dealing with diagnostic 
and treatment of sport-related traumas. The 
manuscript should be presented in the format 
of Summary (250-word limit) and Main text 
(Title page, Summary, Introduction, Aim, 
Material and Methods, Results, Discussion, 
Conclusions, Acknowledgments, Conflict of 
Interest, References, and Figure Legends). In 
the Discussion section, statements regarding 
the importance and novelty of the study 
should be presented. In addition, the limita-
tions of the study should be articulated. The 
abstract must be structured and include Intro-
duction, Aim, Material and Methods, Results, 
and Conclusions. Manuscripts cannot exceed 
2700–3000 words in length (excluding title 
page, abstract, and references) and contain 
no more than a combination of 8 tables and/
or figures. The number of references should 
not exceed 45. This type of article should 
include statistical procedures.

Research reports
Manuscripts in this category may present 
results of studies involving small sample 
sizes, introduce new methodologies, describe 
preliminary findings or replication studies. 
The manuscript must follow the same format 
requirements as full-length manuscripts. Brief 
reports should be not less than 2000 words 
(excluding title page, abstract, and references) 
and can include up to 3 tables and/or figures. 
The number of references should not exceed 
25. This type of article should include statisti-
cal procedures.

Następujące kategorie artykułów mogą 
zostać zaproponowane do wydawania w Ze-
szytach Promocji Rehabilitacji, Ortopedii, 
Neurofizjologii i Sportu – IRONS:

Oryginalny artykuł naukowy
Manuskrypt w tej kategorii opisuje wyniki 
badań przeprowadzonych w oryginalnym, 
szerokim obszarze powiązanym z rehabili-
tacją, fizjoterapią, ortopedią i neurofizjologią 
jak i dotyczące zagadnień związanych z dia-
gnostyką i leczeniem urazów sportowych. 
Manuskrypt powinien być przedstawiony 
w formie streszczenia (limit 250 słów) i tek-
stu głównego (Strona tytułowa, Streszczenie, 
Wprowadzenie, Cel, Materiał i metody, Wyniki, 
Dyskusja, Wnioski, Podziękowania, Konflikt 
interesów, Piśmiennictwo oraz Objaśnienia 
rycin). W sekcji Dyskusja należy zaprezento-
wać stwierdzenia dotyczące znaczenia i no-
wości tych badań. Ponadto w pracy należy 
zawrzeć ograniczenia przeprowadzonych 
badań. Streszczenie musi być zrestruktury-
zowane i zawierać: Wstęp, Cel, Materiał i me-
tody, Wyniki i Wnioski. Rękopis nie może 
przekroczyć długości 2700–3000 słów (bez 
strony tytułowej, streszczenia i piśmiennic-
twa) i zawierać nie więcej niż 8 tabel i / lub 
rycin. Ilość przypisów nie powinna przekra-
czać 45. Ten rodzaj artykułu powinien zawie-
rać procedury statystyczne.

Raporty z badań
Manuskrypt w tej kategorii może przedsta-
wiać wyniki badań z udziałem małej próby, 
przedstawienie nowych metod, należy opisać 
wstępne ustalenia lub badania replikacji. 
Manuskrypt musi mieć tą samą formę co 
pełnej długości manuskrypt. Raport z badań 
nie powinien zaigrać mniej niż 2000 słów 
(z wyłączeniem strony tytułowej, streszcze-
nia oraz piśmiennictwa) i może zawierać 
do 3 tabel i / lub rycin. Ilość przypisów nie 
powinna przekraczać 25. Ten rodzaj artykułu 
powinien zawierać procedury statystyczne.
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Case studies
This guide examines case studies, a form of 
qualitative descriptive research that is used 
to look at individuals, a small group of partici-
pants, or a group as a whole. Researchers 
collect data about participants using partici-
pant and direct observations, interviews, 
protocols, tests, examinations of records, and 
collections of writing samples. Starting with 
a definition of the case study, the guide moves 
to a brief history of this research method. 
Using several well-documented case stud-
ies, the guide then looks at applications and 
methods, including data collection and analy-
sis. A discussion of ways to handle validity, 
reliability, and generalizability follows, with 
special attention to case studies as they are 
applied to composition studies. Finally, this 
guide examines the strengths and weaknesses 
of case studies. The manuscript must follow 
the same format requirements as full-length 
manuscripts. Case Studies should be up to 
2700 words (excluding title page, abstract, 
and references) and can include up to 3 tables 
and/or figures. The number of references 
should not exceed 25.

Review papers
These articles should describe recent advances 
in areas within the Journal’s scope. Review 
articles cannot exceed 2700–3000 words in 
length (excluding title page, abstract, and 
references) and contain no more than a combi-
nation of 10 tables and/or figures. Authors 
are encouraged to restrict figures and tables 
to essential data that cannot be described in 
the text. The number of references should 
not exceed 60.

Guidelines
Guidelines should be up to 2000 words (exclud-
ing title page, abstract, and references) and 
can include up to 3 tables and/or figures. The 
number of references should not exceed 25.

Studium przypadku
Artykuł ten analizuje studium przypadku, 
forma jakościowych badań opisowych, który 
jest używany, aby przeanalizować pojedyncze 
przypadki, małe grupy uczestników, lub grupy, 
jako całości. Naukowcy zbierają dane doty-
czące uczestników badania i bezpośrednich 
obserwacji, wywiadów, protokołów testów 
oraz egzaminów. Manuskrypt musi spełniać 
te same wymogi formatu jak pełnej długości 
rękopis. Studium przypadku powinno za-
wierać do 2700 słów (z wyłączeniem strony 
tytułowej, streszczenia oraz piśmiennictwa) 
i może zawierać do 3 tabel i / lub rycin. Liczba 
piśmiennictwa nie powinna przekraczać 25.

Artykuł przeglądowy
Artykuł ten powinien opisywać najnowsze 
postępy w dziedzinach należących do zakresu 
czasopisma. Artykuł przeglądowy nie może 
przekraczać 2700–3000 słów (z wyłączeniem 
strony tytułowej, streszczenia i piśmiennic-
twa) i zawierać nie więcej niż 10 tabel i / lub 
rycin. Autorzy są zachęcani do ograniczenia 
ilości tabel i rycin do podstawowych danych, 
które nie mogą być opisane w tekście. Liczba 
piśmiennictwa nie powinna przekraczać 60.

Wytyczne/Zalecenia
Wytyczne powinny być do 2000 słów (z wyłą‑ 
czeniem strona tytułowa, streszczenie oraz 
referencje) i może zawierać do 3 stoły i / lub cyfr. 
Liczba odniesień nie powinna przekraczać 25.
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All manuscripts should use the ‘Harvard’ 
style for References.

The order of authors in References list is 
alphabetical, all authors of a single paper 
are mentioned, Authors should be cited in 
the text as they appear according to the year 
of presented papers as follows (example) 
(Boileau et al. 2009; Boileau et al 2010; Butt 
and Charalambous 2012) in (round) brackets. 
Please check in your list the proper fashion 
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Example:
Elhassan, B., Bishop, A., Shin A., Spinner, R. 
(2010) ‘Shoulder tendon transfer options for 
adult patients with brachial plexus injury.’  
J Hand Surg Am., 35 (7), pp. 1211–1219. 
Article from a journal:
Elhassan, B., Bishop, A., Shin, A., Spinner, R. 
�(2010), �‘Shoulder tendon transfer options for 
adult patients with brachial plexus injury. 
J Hand Surg Am., 35 (7), pp. 1211–1219.
Books:
Rang, H. P., Dale, M. M., Ritter, J. M., Moore, 
P. K. Pharmacology. 5th Ed. Edinburgh: Chur�-
chill Livingstone, 2003.
Phillips, S.J., Whisnant, J.P. Hypertension and 
stroke. In: Laragh JH, Brenner BM, Editors. 
Hypertension: pathophysiology, diagnosis, 
and management. 2nd Ed. New York: Raven 
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Podziękowanie
W ramach podziękowania proszę określić 
współpracowników przy artykule innych 
niż autorów pracy. Wyliczmy tutaj te osoby, 
które udzieliły pomocy podczas badań (na 
przykład udzielanie pomocy języka, pomoc 
w pisaniu lub dowód czytania tego artykułu, 
etc.). Należy potwierdzić również wszystkie 
źródła wsparcia (dotacje z agencji rządowych, 
prywatnych fundacji, etc.). Nazwy organizacji 
finansowania powinny być napisane w całości.

Piśmiennictwo
W manuskrypcie należy używać stylu cyto-
wania piśmiennictwa „Harvard”.

Porządek zamieszczania w rozdziale Pi-
śmiennictwo nazwisk autorów, tytułu arty-
kułów oraz nazwy czasopisma z podaniem 
rocznika, wolumenu i stron jest alfabetyczny. 
Nazwiska wszystkich autorów pojedynczej 
pracy są wymieniane. Autorzy prac powinni 
być wymienieni w tekście zgodnie z datą publi-
kowanej pracy w porządku chronologicznym 
(przykład Boileau i wsp. 2009; Boileau i wsp. 
2010; Butt i Charalambous 2012) w (okrą-
głych) nawiasach. Należy sprawdzić w liście 
prac w rozdziale Piśmiennictwo właściwy 
porządek cytowania pracy łącznie z rokiem, 
wolumenem, stronami od-do.
Przykład:
Elhassan, B., Bishop, A., Shin, A., Spinner, R. 
�(2010), �‘Shoulder tendon transfer options for 
adult patients with brachial plexus injury.’� 
J Hand Surg Am., 35 (7), pp. 1211–1219.
Artykuł z czasopisma:
Elhassan, B., Bishop, A., Shin, A., Spinner, R. 
�(2010), �‘Shoulder tendon transfer options for 
adult patients with brachial plexus injury.’�
J Hand Surg Am., 35 (7), pp. 1211–1219.
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Rang, H. P., Dale, M. M., Ritter, J. M., Moore, 
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Tables
Tables should be typed on sheets separate 
from the text (each table on a separate sheet). 
They should be numbered consecutively with 
Arabic numerals. Tables should always be 
cited in a text (e.g., Table 2) in consecutive 
numerical order. Each table should include 
a compulsory, concise explanatory title and 
an explanatory legend. Footnotes to tables 
should be typed below the table body and 
referred to by superscript lowercase letters. 
No vertical rules should be used. Tables should 
not duplicate results presented elsewhere in 
the manuscript (e.g., in figures).

Figures
All illustrations, graphs, drawings, or photo-
graphs are referred to as figures and must be 
uploaded as separate files when submitting 
a manuscript. Figures should be numbered in 
sequence with Arabic numerals. They should 
always be cited in a text (e.g., figure 3) in 
consecutive numerical order. Figures for 
publication must only be submitted in high-
resolution TIFF or EPS format (minimum 
300 dpi resolution). Each figure should be 
self-explanatory without reference to the text 
and have a concise but descriptive legend. All 
symbols and abbreviations used in the figure 
must be defined unless they are common 
abbreviations or have already been defined 
in the text. Figure Legends must be included 
after the reference section of the Main Text.

Colour figures
Figures and photographs will be reproduced 
in full colour in the online edition of the 
journal. In the paper edition, all figures and 
photographs will be reproduced as black-
and-white.

Submission preparation checklist
As part of the submission process, authors 
are required to check off their submission’s 
compliance with all of the following items, 
and submissions may be returned to authors 
that do not adhere to these guidelines.

Tabele
Tabele powinny być zamieszczone na oddzie-
lonych arkuszach od tekstu (każda tabela na 
oddzielnej kartce). Powinny one być ponume-
rowane cyframi arabskimi. Tabele powinny 
zawsze być cytowane w tekście (np. Tabela 
2) w kolejności numerycznej. Każda tabela 
powinna zawierać obowiązkowy, zwięzły 
tytuł wyjaśniający oraz legendę objaśniającą. 
Odsyłacze do tabeli powinny być wpisane 
poniżej tabeli. Nie należy stosować zasady 
pionowe. Tabele nie powinny powielać wyni-
ków prezentowanych gdzie indziej w tekście 
(np. na rycinach).

Ryciny
Wszystkie ilustracje, wykresy, rysunki lub 
fotografie są określane, jako ryciny i muszą być 
przesłane, jako oddzielne pliki przy składaniu 
rękopisu. Ryciny powinny być ponumerowane 
kolejno cyframi arabskimi. Powinny one być 
zawsze cytowane w tekście (np. rycina 3) 
w kolejności numerycznej. Ryciny do publi-
kacji należy składać wyłącznie w wysokiej 
rozdzielczości TIFF lub EPS Format (minimum 
300 dpi). Każda figura powinna być oczywista 
bez odwoływania się do tekstu z zwięzłą, ale 
jasną legendą. Wszystkie symbole i skróty 
stosowane na rycinie muszą być wyjaśnione, 
o ile nie są one powszechnymi skrótami albo 
zostały zdefiniowane w tekście. Opisy rycin 
muszą być zawarte tekście głównym po spisie 
literatury.

Kolory rycin
Ryciny i fotografie zostaną odtworzone w peł-
nym kolorze w internetowym wydaniu cza-
sopisma. W wydaniu papierowym, wszystkie 
dane i fotografie zostaną odtworzone, jako 
czarno-białe.

Lista kontrolna
Jako część procesu składania pracy, autorzy 
są zobowiązani do sprawdzenia zgodności 
ich składu z listą kontrolną. Autorzy powinni 
mieć na uwadze, że nie spełnienie kryteriów 
z poniższej listy może skutkować odrzuce-
niem ich pracy.
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