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ISKSAA (International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty) is a society of orthopaedic 
surgeons from around the world to share and disseminate knowledge, support research and improve patient care in 
Arthroscopy and Arthroplasty. We are proud to announce that ISKSAA membership has crossed the 2000 mark ( India 
& Overseas ) with members from over 40 countries making it the fastest growing Orthopaedic Association in the 
country & region in just 8 years of its inception . With over 400000 hits from over 164 countries on the website 
www.isksaa.com & more and more interested people joining as members of ISKSAA, we do hope that ISKSAA will 
stand out as a major body to provide opportunities to our younger colleagues in training, education and fellowships. 

Our Goals………

To provide health care education opportunities for increasing cognitive and psycho-motor skills in Arthroscopy 
and Arthroplasty
To provide CME programs for the ISKSAA members as well as other qualified professionals.
To provide Clinical Fellowships in Arthroscopy and Arthroplasty
To provide opportunities to organise and collaborate research projects
To provide a versatile website for dissemination of knowledge

ISKSAA Life Membership

The membership is open to Orthopaedic Surgeons, Postgraduate Orthopaedic students and Allied medical personal 
interested in Arthroscopy & Arthroplasty.

Benefits of ISKSAA Life membership include… .
Free Subscription of ISKSAA’s official , SCOPUS INDEXED , EMBASE INDEXED peer reviewed , online scientific 
journal Journal of Arthroscopy and Joint Surgery ( JAJS ). 
Eligibility to apply for ISKSAA’s Prestigious Fellowship Programme. We have finalised affiliations with 
ESSKA , ISAKOS , BOA , BASK , BOSTAA , BESS , Edge Hill University at Wrightington and FLINDERS MEDICAL 
CENTRE , IMRI AUSTRALIA to provide more ISKSAA Fellowships in India , UK , USA ,  Australia and Europe . 
We have offered over 400 Clinical Fellowships as of date including 54 in ISKSAA 2014 , 40 in ISKSAA 
2015 , 63 in ISKSAA 2016 , 55 in ISKSAA 2017 , 20 in ISKSAA 2018 & 100 in ISKSAA 2019 and 
over 50 ISKSAA Wrightington MCh Fellowships from 2014 to 2018 .
We have initiated ISKSAA JOD & ISKSAA WHA paid fellowship programs from 2017 for 2 months based 
in Australia .
The current round of 100 ISKSAA fellowships interviews were held in ISKSAA BESS 2019 in March 
2-3rd 2019 for 2019 and 2020 at New Delhi along with the ISKSAA Wrightington MCh Fellowships .
The next round of ISKSAA fellowship interviews will be in third quarter of 2021 at New Delhi .
We had offered 60 1 week ISKSAA certified Fellowships from 11th – 15th June & 25-29th June 2018 for 
ISKSAA members registered for ISKSAA LEEDS 2018 on a first come first basis .
Only as a life member , you can enjoy the benefit of reduced Congress charges in future ISKSAA 
Conferences .
Member’s only section on the website which has access to the conference proceedings and live surgeries of 
ISKSAA 2012 , 2013 , 2014 & 2016 along with a host of other educational material .
Important opportunity for interaction with world leaders in Arthroscopy & Arthroplasty .
Opportunity to participate in ISKSAA courses and workshops

To enjoy all the benefits & privileges of an ISKSAA member, you are invited to apply for the Life 
membership of ISKSAA by going to the membership registration section of the website and entering all 
your details electronically. All details regarding membership application and payment options are 
available on the website (www.isksaa.com)
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problems of the joints that are amenable with Arthroscopy and Arthroplasty. Though Arthroscopy and Arthroplasty entail surgical procedures, the Journal 
shall not restrict itself to these purely surgical procedures and will also encompass pharmacological, rehabilitative and physical measures that can prevent or 
postpone the execution of a surgical procedure. The Journal will also publish scientific research related to tissues other than joints that would ultimately have 
an effect on the joint function.
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Editorial

Editorial comment

Focus on Shoulder and Elbow arthroplasty
Shoulder arthroplasty has seen an exponential rise over the last

decade. There were about 2500 primary shoulder replacement pro-
cedures performed in the UK in 2012, and this number increased to
more than 7500 in 2019. Simultaneously there has been a decline in
numbers of hemiarthroplasty procedures and a significant increase
in the numbers of reverse shoulder arthroplasty procedures, which
now account for nearly 2/3 of all primary shoulder arthroplasties.1

The types of prostheses being used has also seen a change with
resurfacing procedures seeing a decline and increasing popularity
of stemless humeral components. The humeral stem and its influ-
ence on shoulder arthroplasty is addressed in the paper by Mac-
Suibhne and Kelly.

Glenoid component has remained the weak link on shoulder
arthroplasty, and there have been ongoing efforts to improve gle-
noid component, in terms of materials, design and fixation
methods. Sircana and colleagues look at glenoid design, modes of
failure and prosthetic selection.

Reverse arthroplasty is now the most common type of shoulder
arthroplasty and the indications continue to broaden with
increasing numbers in proximal humeral fractures in the elderly.1

There continues to be an evolution in designs of reverse arthro-
plasty with changes in neck shaft angle, and offset, which aim to
address notching, and improved functional outcomes in terms of
restoration of rotations. The biomechanical principles that drive
these design changes are addressed in the paper by Sabharwal
and Bale.

As the number of primary procedures has gone up there has
been a corresponding increase in revision arthroplasty. A well per-
formed primary arthroplasty procedure should not only improve
clinical outcome, but also improve the longevity of the prostheses.
Technological advances including Computer software for planning,
Patient specific implants and Navigation. Tambe et al. explore the
role of navigation for shoulder arthroplasty.

Numbers for Elbow arthroplasty are significantly less than the
numbers for Shoulder arthroplasty, but over the last decade there
has been a change in the indications. While inflammatory arthritis
was the commonest indication for Elbowarthroplasty a decade ago,
most elbow replacements are now performed for acute trauma.2

The evolution of designs of elbow arthroplasty is addressed by
Shah and Patel, while Challangudla et al. look at common chal-
lenges of elbow arthroplasty with technical tips to deal with these.

The increasing numbers of upper limb arthroplasties, differing
techniques and numerous prosthetic designs and systems pose a
challenge not only to the budding surgeon but even to a well prac-
ticed clinician. It is hence important that the principles that under-
pin successful arthroplasty are studied and understood by everyone
who embarks on arthroplasty in the upper limb. This will ensure
that correct choices are made, desirable clinical results are achieved
and we have met our patients’ expectations.

This special issue is an attempt to address this very important
issue and facilitate a focussed discussion that should endure in
the long term.

We hope that the spectre of 2020 and Covid 19 is behind us and
we wish you all a safe, enjoyable and enlightening 2021.
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History of shoulder arthroplasty
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a b s t r a c t

Since the end of the 19th century, when the first shoulder prosthesis was implanted, an impressive
development took place, leading to many different designs, based on the philosophy of either an
anatomic replacement or the inverse prosthesis for shoulders with an absent or insufficient rotator cuff.
An overview is given on these developments from the beginning to the present.
© 2020 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.

1. Introduction

The first joint prosthesis implanted in the body was a total
shoulder prosthesis. The procedure was carried out in 1893 in Paris
(France) by a surgeon Jules Emile P�ean for the treatment of tuber-
culosis of the shoulder.1

He firstly developed an ivory implant, based on the work of the
German surgeon Themistocles Gluck,2 who implanted several ivory
prostheses in knee, hip, wrist and elbow, mainly for the treatment
of tuberculosis. However P�ean never used this ivory prosthesis out
of concern of its mechanical properties.

A new prosthesis was constructed for him by a Parisian dentist
who specialized in prosthetic development. It was made of an
iridescent platinum tube with screw holes at the distal end for
attachment to the humeral bony stump, a hardened rubber ball
with 2 metal loops inserted into a groove for attachment to the
glenoid and to the proximal aspect of the stem (Fig. 1). It was
implanted in a young patient with end stage tuberculosis in the
shoulder, who refused an amputation. It lasted for 2 years, chronic
fistulae developed and finally it was removed, after which the
sepsis subsided. Interestingly, on the radiographs a shell of bone
was surrounding the metal implant.

This was the first metal implant in the body, preceding the first
metal total hip, which was implanted in 1953 and the first metal
total knee in 1973.

In the 1950s several new designs were introduced, made of
plastic (acrylic,polyamide or polyethylene) or metal.

The main indications were fractures or tumours.
Richard3 as well as Borin4 from France implanted an acrylic

prostheses for proximal humeral fractures (Fig. 2); even though the
tuberosities were fixed to the acrylic head, the function was
generally poor.

In the Royal National Orthopaedic Hospital in the U.K. a poly-
ethylene prosthesis, fixed to the humerus with plates and screws,
was used following tumour resection; all of them failed due to
loosening of the plates.

1.1. Metal implants since 1950

Krueger5 implanted the first metal anatomic hemiarthroplasty
in 1950, made of chrome-cobalt alloy (vitallium), for treatment of
avascular necrosis of the humeral head, resulting in a well func-
tioning shoulder without pain.

1 year later Neer developed a shoulder prosthesis for patients
with poor function and pain after a fracture.

He worked in his early days in a fracture department and was
intrigued by the pathology of the shoulder fractures, which led him
to develop a hemiarthroplasty as well as a classification system of
proximal humeral fractures. He focused on a design made of inert
material with an elasticity close to bone, mimicking normal anat-
omy and including sufficient anchorage with a long stem in the
bone to avoid bone resorption (Fig. 3). He published the results of
this Neer I in 1955 with good results.6

In the early 1970s both in the US7 and in Germany US8 inde-
pendently polyethylene glenoid components were developed,
combined with the Neer I prosthesis, which stimulated Neer to
develop his Neer II prosthesis, usable as a non constrainedE-mail address: w.j.willems@xs4all.nl.
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prosthesis in arthritis. This system however did not solve the
problem of a deficient cuff, for which he developed a fixed fulcrum
prosthesis, the Mark 1.

In the UK, the Stanmore prosthesis was introduced in 1972 for
rheumatoid arthritis; it is a ball/socket configuration and looks like
a hip prosthesis. Being a constrained design the authors reported a
rather high loosening rate of the glenoid component and disap-
pointing results.

In the US a similar type of constrained fixed fulcrum prosthesis
was developed by Post,9 with initially a stainless steel and later
vitallium humeral stem and a combined polyethylene/metal gle-
noid component. This prosthesis also showed a rather high rate of
complications, mainly dislocations and loosening.

Swanson10 developed a bipolar shoulder prosthesis, with an
unfixed metal cup with polyethylene liner articulating with a small
ball of the humeral titanium cemented stem; the main indication
was rheumatoid arthritis and in arthritic shoulders without cuff.

In this innovative period, when many designs appeared, Neer
showed the best results with his total shoulder prosthesis and
therefore paved the way for further developments, based on his
type II prosthesis with a long anatomical stem and polyethylene
glenoid component.

1.2. Developments on humeral side

While the Neer II prosthesis was amonoblock stem, in the 1980s
modularity was introduced in the second generation, consisting of
a stem as well a separate head of several sizes, increasing the
variability of the anatomy of shoulder.

Walch and Boileau,11 based on extensive anatomical studies,
showed the wide variety of the anatomy of the proximal humerus,
with variation in the retroposition, inclination and offset of the
head related to the humeral shaft axis as well as the retrotorsion
related to the epicondylar axis of the elbow. This led to the devel-
opment of the third generation, with a wide variety of implants
enabling to adapt the prosthesis to the anatomy instead of the
earlier deigns where the anatomy was adapted to the available
prostheses.

Following the trend in hip arthroplasty in the last decades
shorter stems were introduced, mainly relying on metaphyseal
support.

The first implants in shoulder arthroplasty were made of
Vitallium, a Chrome/Cobalt alloy, later on added with Molybdenum
for increasing strength. In the 1980s implants of a TitaniumAlu-
minum/Vanadium were introduced. Presently both alloys are now
widely used, either with a smooth surface, where cement is needed
for fixation or they are enhanced with a variety of surface modifi-
cations, either porous coated or calcium phosphate coating with
hydroxyapatite to promote ingrowth in a so-called press fit fixation.

Another development was the introduction of bone preserving
implants.

Fig. 1. Constrained prosthesis of P�ean of platinum and rubber.

Fig. 2. Borin-Sevin devised an acrylic prosthesis for fractures.

W. Jaap Willems Journal of Arthroscopy and Joint Surgery 8 (2021) 2e6
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Zippel12 was the first surgeon to publish a report in
1975,describing the use of a metallic humeral shell used to resur-
face the humeral head while articulating with a polyethylene gle-
noid component. Resurfacing became popular at the end of the
twentieth century with good results, largely published by
Copeland.13

Building on this concept, a 4th generation, stemless implant was
evolved, the TESS14; for this prosthesis the head is resected and
fixation is only in themetaphysis, based onmetaphyseal fixation; in
some later designs stability is achieved by placing the circumfer-
ence of the humeral implant on the cortical bone of the neck after
resection of the humeral head;

With this type of implant the approach to the glenoid is easier
compared to the surface replacement, by still avoiding the stem-
related problems. This caused the decline of surface replacement
and might probably surpass conventional stemmed arthroplasty in
the future.15

1.3. Developments om glenoid side

Since the introduction of the first glenoid component, designed
by Kenmore,8 composed of UltraHigh Molecular Weight Poly-
ethylene(UHMW PE) this material has shown a long track record.

Since the beginning 2 variations for fixation in the glenoid have
evolved, either a keeled or a pegged design.

Despite its durability and rather good wear behavior, long term

wear and its subsequent periprosthetic osteolysis stimulated
research to improve this polyethylene, leading to Highly cross
linked UHMW PE(HXLPE), created by a radiation and sterilization
process. Another development involved the addition of an anti-
oxidant stabilizer, Vitamin E, with the aim to inhibit oxidative
degradation.

Cofield16 in the 80ties was the first to use ametal backed glenoid
component with a polyethylene liner. There was a high rate of
lucency on the long term. Many other designs have since then
emerged, e.g hybrid metal/polyethyelene without metal on the
glenoid surface.17

Another recent development is the inlay design, where the
polyethylene component is inserted in the glenoid, leaving its
surface flush with the remaining glenoid.

1.4. Reverse arthroplasty

Between 1970 and 1973 Neer developed 3 types of a reverse
prosthesis, because he had a high failure rate of his anatomic
prosthesis in patients with a deficient cuff. The Mark I had a larger
ball to allowmoremotion, but limited the refixation of the cuff. The
Mark II had a smaller ball for reattachment of the cuff; the smaller
cuff however decreased the range of motion. To improve the ex-
cursions the Mark III had again a smaller ball, to allow cuff
attachment but an axial rotation element in the humeral stem to
facilitate a better motion.

The glenoid implant was cemented. Due to a high failure rate he
abandoned further development.

In Europe the first reverse prosthesis was developed by Reeves18

in 1972 for patients with a deficient cuff. It consisted of a glenoid
component with a diverged threaded peg, which was cemented in
the glenoid. It had an anatomic center of rotation (Fig. 4).

Since then several constrained prosthesis were described, with a
small metallic sphere to reproduce either an anatomic or even
lateralized center of rotation.

G�erard19(Fig. 5) published in 1973 the early results of a reverse
total shoulder prosthesis, with a metal glenoid plate fixed with 2
screws in the scapula and a hole in the center where a 20mmmetal
sphere was screwed into the plate. The humeral component con-
sisted of a polyethylene semi-retentive cup fixed on a metal stem.
In contrast to the implants from Neer and Reeves, this was the first
uncemented glenoid component.

The K€olbel prosthesis was developed for reconstruction after
tumour resection.The glenoid component was cemented as well
secured with a flange, that was screwed to the base of the scapular
spine or the scapular pillar.20

Kessel21 introduced in 1973 a design with a large screw in the
glenoid and a polyethylene humeral stem, also creating an

Fig. 3. Neer’s first design of a vitallium prosthesis, primarily developed for fractures.

Fig. 4. First reverse prosthesis by Reeves.
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anatomic center of rotation. He published in 1979 on 21 patients
with overall good results. Although there were failures, no loos-
ening of the glenoid component was reported.This model was later
modified by Bayley and Walker, with the screw coated with hy-
droxyapatite, the center of rotation was moved medially and dis-
tally.The humeral component was changed to metal with a
polyethylene retentive liner.

Several other designs were presented:
The Liverpool shoulder was designed in 1969 by Beddow and

Elly22 and was based on a reverse hip prosthesis: the glenoid
component and stem were cemented in the scapular pillar, a
polyethylene cup was cemented in the proximal humerus.They
reported a high failure rate.

Fenlin23 made a larger polyethylene glenoid sphere articulating
with a large cup on a metal stem. He was concerned about the
scapular fixation and to overcome this problem he designed a
glenoid component with 2 extensions, to be fixed in themost dense
cortical bone, namely in the base of the coracoid and the scapular
pillar. The deltoid function improved, but there was a high failure
rate at long term follow-up. Buechel24 introduced in 1978 a double
mobility cup, facilitating motion between the glenoid sphere and a
polyethylene ball, which in turn articulated with the humeral metal
cup. The Gristina trispherical systemwas also a constrained system,
including a small humeral metal ball and a small glenoid metal
ball,that both articulated with a large, central polyethylene
sphere.25

1.5. Grammont

While all the above implants were not very successful and many
abandoned further use, Grammont’s design provided a revival of
the concept of the “reverse” philosophy: His basic concept was to
medialize and lower the center of rotation(COR) compared to the
place where it is normally found. The rationale was, that with a
medialized COR the deltoid lever arm would be increased, leading
to a better function.26

His first design in 1985 (“Trompette prosthesis” (Fig. 6), con-
sisted of a two-thirds of a alumina ceramic sphere, which was fixed
with cement to the glenoid. Although elevation was at or above

Fig. 5. G�erard-Lannelongue reverse prosthesis.

Fig. 6. The “Trompette “, Grammont’s first design of a medialized reverse, with a
polyethylene humeral component and alumina-ceramic 2/3 sphere.

Fig. 7. Contemporary “platform” system, with a stemmed and stemless variant.
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1000, loosening was seen. Subsequently he changed the gleno-
sphere to a hemisphere, thus even more medializing the COR. He
also changed the fixation, making a baseplate, whichwas fixedwith
a central peg and 2 diverging screws, counteracting the shear
forces. This led to the first modular prosthesis in 1991, the Delta III,
consisting of 5 elements, an uncemented baseplate, a gleno(hemi)
sphere, a polyethylene liner, a cemented or un cemented neck and
stem.

From the 1990s, the Grammont system was adopted by many
shoulder surgeons for the treatment of cuff deficiency, as it was
superior to all other systems.

Since the introduction of the reverse prosthesis extensive
research has been carried out, to overcome 2 problems of this
philosophy: notching and poor rotations. Designs with a more
lateralized center of rotation try to solve these problems. Presently
more than 25 variations are available on the global market.

2. Conclusion

Nearly 130 years passed since the first shoulder prosthesis was
implanted. It took a long journey with several interesting designs,
but the concepts of Neer for the anatomic prosthesis and of
Grammont for the reverse prosthesis were the golden standard and
formed the basis for further development.

Presently newer designs offer the possibility to implant an
anatomic or reverse prosthesis on the same humeral stem or
stemless implant (“platform” systems, Fig. 7).

Newer technologies, like navigation or, as alternative, PSI (pa-
tient-specific instrumentation) have increased the accuracy of
implanting the prosthesis.
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a b s t r a c t

Reverse total shoulder arthroplasty has become an increasingly popular surgical procedure over the last
25 years. Since its initial conception as an implant that would address the limitations of anatomic
shoulder arthroplasty in a rotator cuff deficient shoulder, the science behind its design has grown and as
a result the implant has evolved rapidly. Numerous reverse shoulder arthroplasty prostheses are
currently available with subtle modifications in implants potentially impacting on clinical outcomes. It is
important that shoulder surgeons understand the biomechanical principles that drive these design
nuances so that implant selection is better informed, and patient outcomes can be optimised. This review
article examines the biomechanical principles on which the first prosthesis was based, and further
evaluates the development of newer designs and the evidence that supports their application in modern
clinical practice.
© 2021 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.

1. Introduction

1.1. History of the prosthesis and conventional design principles

The limitations of anatomic shoulder arthroplasty were
increasingly apparent as its uptake and application in shoulder
surgery increased in the 1970s. Charles Neer reported poorer out-
comes amongst his own patients undergoing shoulder arthroplasty
when their rotator cuff was deficient.1 His initial efforts to counter
superior migration of the humeral head involved oversized glenoid
components with superior overhang, but functional outcomes were
poor, and he quickly abandoned this technique.2 Neer then
attempted to address the limitations of conventional prosthesis
with constrained designs, with his first prosthesis, the Mark 1,
consisting of a large glenosphere articulating with socket on a long
humeral stem.3 TheMark 1 and its subsequent successors, theMark
2 and 3, were all abandoned because of implant failure and glenoid
loosening that occurred because of the large forces generated at the
bone-implant surface on the glenoid, which occurred as a result of
lateralisation of the shoulder’s centre of rotation.3

In 1985, Paul Grammont revolutionised shoulder arthroplasty

with a novel reverse design that was based on 4 key concepts: [1]
the centre of rotation (COR) must be fixed, medialised and distal-
ised relative to the glenoid’s surface [2] the prosthesis must be
stable [3] theweight bearing part must be convex and supported by
a concave component and [4] the centre of the spheremust be at, or
within the glenoid neck.4 In his initial design, the CORwas lateral to
the glenoid surface. As a result, the destabilising forces at the bone-
implant surface were high and this prosthesis suffered the same
fate as Neer’s Mark implants. Grammont addressed these problems
with his second-generation prosthesis, the Delta III which was
released in 1991.3 He medialised the COR by converting the gle-
nosphere from 2/3 of a sphere to a hemisphere. In addition to the
further reduction in sheer forces gained bymedialising the COR, the
baseplate on which the glenosphere sat, had a central peg and two
divergent screws which resisted the destabilising forces at the
bone-implant surface. The initial Delta III glenosphere was screwed
into the baseplate with threaded screws, however this was revised
to a Morse taper and a counter sunk screw. Additionally, the hu-
meral component consisted of a s small cup covering less than half
of the glenosphere with a neck shaft angle of 155�.

2. The importance of the centre of rotation

In the native shoulder joint, the COR varies through the arc of
movement.5 Reverse shoulder arthroplasty (RSA), is based on a
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fixed COR within the glenosphere. Medialisation of the COR was
key to Grammont’s design principle as it facilitated a larger lever
arm for the deltoid, allowing the muscle to be effective enough to
initiate abduction.6 The hemispherical design of the glenosphere
minimised the sheer forces at the bone-implant surface, increased
the compressive forces and provided a resultant force vector that
further stabilised the implant’s fixation at the glenoid.7 Despite the
obvious biomechanical advantages of a medialised COR, the evo-
lution and increasing complexity of RSA design is largely driven by
the problems it also creates.

Scapular notching is a well-recognised phenomenon that is
thought to occur due to mechanical impingement of the super-
omedial humerus against the inferior scapular neck during
adduction.6 It is a radiographic finding of an erosive lesion on the
axillary border of the glenoid neck.8 The reported incidence levels
are as high as 50%,9 and although it was long speculated that it
would have a detrimental effect on patient outcomes, it is only
recent evidence that has demonstrated that it results in poorer
clinical outcomes for patients and significantly increased compli-
cation rates.10 Techniques to reduce scapular notching include
increasing lateral offset, eccentric positioning of the glenoid, posi-
tioning the glenoid baseplate with inferior inclination and
decreasing the neck-shaft angle of the humeral component.6

Another trade off with a medialised COR is range of motion. A
lateralised COR reduces subacromial impingement and effectively
increases the abduction range. Gutierrez et al.11 demonstrated a
positive correlation between abduction range of motion and COR
offset relative to the glenoid, with a laboratory setting saw-bone
model demonstrating approximately 97� of abduction with a COR
10mm from the glenoid, and 67� with a COR offset 0.5mm from the
glenoid. Loss of range of motion is also seen in rotation, as when
still intact, a medialised COR de-tensions the rotator cuff, decreases
its moment arm and effectively reduces internal and external
rotation of the shoulder.12 A medialised COR also contributes to
reduction in the adduction range of motion and abutment of the
polyethylene cup onto the inferior glenoid rim, which results in
scapular notching.6

Another key problem that has been proposed and demonstrated
with a medialised COR is that there is there is reduced deltoid
wrapping.13 The angle of abduction at which the deltoid wraps
around greater tuberosity is used as surrogate measure for joint
stability. The higher the angle at which the deltoid stops wrapping
around it, the higher the range in abduction that compression is
achieved across the joint. Lateralisation of the COR or lateralisation
of humeral offset can be used to improve deltoid wrapping and the
subsequent joint stability that it contributes to.

3. Design nuances

3.1. Eccentric positioning of the glenoid component

The rationale for eccentric (inferior) positioning of the glenoid
component is that it can increase the space between the gleno-
sphere and the scapula neck, and therefore potentially reduce
scapular notching. This is done while preserving the medialised
position of the COR and therefore the biomechanical advantage to
the deltoid. Nyffeler et al. demonstrated in their in vitro study that
placing the glenoid component 2e4 mm more distal to the central
point of the glenoid improved abduction and adduction angles and
they suggested that therefore this should reduce the risk of scap-
ular notching.14 In a retrospective series of 147 patients undergoing
RSA, Deuthman et al. demonstrated that increased baseplate infe-
riorisation or increased glenosphere overhang, were independent
predictors of reduced risk of scapular notching.15 To date, the only
prospective randomised trial comparing eccentric and concentric

positioning was published in 2014, by Poon et al. in which 50 pa-
tients were randomised to either group.16 Despite laboratory and
retrospective evidence suggesting benefits to eccentric position,
the authors reported that therewere no differences in notching and
clinical outcomes between the two groups. By the authors’ own
admission, this study was limited by a minimum follow up of 2
years, and a longer follow up would have increased the strength of
their findings because it is well recognised that scapular notching
may develop beyond this period of time.17 Nevertheless, eccentric
positioning of the glenoid remains one of the recommended
techniques for avoiding scapular notching and numerous pros-
thesis designs allow for this with the design of their glenoid
component.

3.2. Inferior inclination of glenoid component

Inferior inclination of 10e15� of the glenosphere has often been
combined with eccentric positioning with a rationale to improve
the adduction range and therefore reduce scapular notching. This
rationale was also driven by early laboratory analysis, and in 2008,
Gutierrez et al. demonstrated, in a saw bonemodel, that inferior tilt
of 15� resulted in a smaller adduction deficit compared to neutral or
a superior tilt of 15�.18 In a prospective randomised trial that
included 42 patients published in 2014, Edwards et al. concluded
that at 1-year follow-up, inferior tilt of 10� compared to a neutral
position on the glenosphere did not reduce the incidence of scap-
ular notching or affect clinical outcomes.19 Overall, the benefits of
an inferior tilt remain controversial with emerging evidence now
suggesting that inferior tilt may actually be problematic in the long
term. Patel et al. used a computerised model on CT images to
compare glenoid inclination in 20 patients undergoing RSA and
found that relative to a neutral position, 10� of inferior tilt resulted
in increased scapular neck impingement.20 They suggested that the
likely reason for this was that the medialisation required to seat an
inferiorly tilted implant shortened the scapular neck and reduced
the distance to the humerus. Further research is clearly required to
determine the true effect of inferior inclination as implant designs
that accommodate for it are widely available for use.21

3.3. Neck-shaft angle

Grammont’s Delta III humeral prosthesis had a neck-shaft angle
(NSA) of 155� in valgus. This compared to the 135e140� seen in a
normal humerus, with the increased valgus angle providing supe-
rior stability for the implant in a cuff deficient shoulder.21

Furthermore, a higher NSA also increases the abduction arc of the
prosthesis.22 Design evolution has been necessary because the
almost horizontal orientation of the humeral cup limits the
adduction arc and results in scapular notching.18 Ladermann et al.
demonstrated in a computerised model that compared to the
traditional Grammont stem, using a prosthesis with an NSA of 135�

and 145� led to minimal loss in abduction, and large gains in
adduction, extension and external rotation of the shoulder.22 These
range of motion gains can be maintained without compromising
abduction by using a humeral prosthesis with a lower NSA and
providing some increase in glenoid lateralisation. Werner et al.
demonstrated in their computer modelling that an NSA of 135�

with 5 mm of glenoid offset was the best combination for
impingement free abduction and adduction.23 The role of the NSA
in joint stability has also been investigated and has important im-
plications in implant design. In their cadaveric study, Oh et al. found
that with a NSA of 155�, the anterior dislocation force for a shoulder
in its most unstable position, internal rotation, was significantly
higher than for an NSA of 145 or 135�.24 The authors proposed that
this probably reflected an increased articular contact at the inferior
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aspect of the glenospherewith a higher NSA. This view is supported
by more recent research in the form of finite element RSA model-
ling performed by Langohr et al. which demonstrated that
decreasing the NSA resulted in decreased contact area and
increased contract stress between the glenosphere and humeral
cup.25

3.4. Humeral component version

In a cadaveric study, Berhouet et al. investigated the effect of
humeral component version on ROM and inferior scapular
impingement.26 They concluded that increased humeral retrover-
sion resulted in less inferior impingement but no significant gains
in ROM. More recently, Konstaxis et al. examined the effects of
humeral version in RSA on activities of daily living (ADLs) using
computer modelling performed on 30 shoulders.27 They reported
that 0� of version resulted in the least amount of impingement for
ADLs and that retroversion was associated with the largest gains in
ROM, but retroversion also resulted in increased risk of impinge-
ment of the greater tuberosity on the coracoid. Anteversion ach-
ieved the smallest overall gains in ROM, with the exception being
humeral elevation, and with impingement in an anteverted hu-
meral component most commonly occurring between the greater
tuberosity and the acromion. The authors also reflected on research
that investigated the effect of version on the moment arm and
length of teres minor which indicated that although there was an
increased moment arm in retroversion, muscle tension was lost.28

Based on the overall effect of version on impingement, ROM and
teres minor function they suggested that a neutral position may be
preferential for most patients.

3.5. Lateral offset

Despite the obvious benefits to a medialised COR, because of
concerns about scapular notching, its effect on shoulder rotation
and loss of shoulder contour, there was an increase in interest and
innovation focused on increasing lateral offset. In its primitive
design form, increased lateral offset in RSAwas delivered by a more
spherical glenosphere. The increase in destabilising forces at the
bone-implant interface this caused generated concern about
whether the benefits of lateralisation outweighed the risks. As
knowledge on design biomechanics has grown over the years, an
understanding of lateral offset and the different ways it can be
achieved has addressed some of the key problems and popularised
newer implants that achieve increased lateral offset by modifying
implant design on both the humeral and glenoid components of
their RSA implants.

Lateral humeral offset in the native glenohumeral joint is de-
fines as the distance between the base of the coracoid and the most
lateral point on the greater tuberosity.29 In 2005, Harman et al.
defined lateral offset in RSA as the distance between the baseplate
and the centre point of the humeral and glenoid articulation.30 In
2011, Valenti et al. defined it as the distance between the COR and
the greater tuberosity.31 Werthel et al.‘s more recent descriptive
analysis of lateral offset provides a comprehensive description of
different types of lateral offset in RSA and their definitions provide
useful measures that reflect differences in implant design.32 The
authors draw vertical lines through the prosthesis as reference
points to measure lateral offset (Fig. 1). Humeral stem offset is
defined as a distance between a vertical line passing between the
humeral stem (A) and a vertical line passing through the middle of
the articular surface of the humeral implant (B). Humeral insert
offset is the distance between B and the pivot point, which is the
deepest part of the humeral insert (C). Humeral lateral offset (AC) is
the distance between A and C, and hence the sum of the stem offset

and the insert offset (AB þ BC). On the glenoid side, the distance
from C to a line passing through the centre of rotation of the joint
(D) is the perceived radius of glenosphere. The centre of rotation
offset is the distance between point D and a line passing through
the bone-glenoid interface (E). Glenoid lateral offset is the sum of
the perceived radius of the glenosphere and the centre of rotation
offset (CD þ DE). Global lateral offset is the sum of the humeral
lateral offset and the glenoid lateral offset (AE). Greater tuberosity
lateral offset is the distance from the bone-glenoid interface to the
greater tuberosity.

Glenoid lateralisation can be achieved by changing the shape of
the glenosphere, lateralising the baseplate or increasing the length
of the scapular neck with bone graft.32 In 2019, Werthel et al.32

reviewed 28 different configurations with 22 different RSA im-
plants and reported that compared to the Delta III which has a
glenoid lateral offset of 9.6 mm, the largest glenoid offset achieved
by design of glenosphere and baseplate was 17.9mm. By limiting an
increase in glenoid lateral offset to only 8.3 mm compared to the
increase of 21.4 mm in global lateral offset achieved in the most
lateralised class of prosthesis, it is clear that modern implant design
reflects the concerns of glenoid loosening, and the reduction in
deltoid efficiency that could occur as glenoid lateral offset in-
creases. Pascal Boileau developed a novel approach, where he
harvested autologous bone graft from the humeral head and
incorporated it into a specially designed baseplate with a long
central peg33. The rationale design of Boileau’s bony increased-
offset reverse shoulder arthroplasty (BIO-RSA), was that the ben-
efits of lateralisation would be possible without some of the po-
tential drawbacks. Boileau’s initial study was prospective
evaluation of 42 patients who underwent BIO-RSA. His group

Fig. 1. Definitions of offset in RSA adapted from Werthel et al.32 Line A passes through
the centre of the stem. Line B passes through the middle of the humeral articular
surface. Line C passes through the “pivot point”, which is the deepest point in the
articular surface. Line D passes through the centre of rotation of the joint. Line E passes
through the bone glenoid interface. AB ¼ Humeral stem offset. BC ¼ Humeral insert
offset. AC ¼ Humeral offset. CD ¼ perceived radii of the glenosphere. DE ¼ Centre of
rotation offset. CE ¼ Glenoid lateral offset. AE ¼ Global lateral offset.
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reported that there was a 98% graft incorporation rate with low
rates of scapular notching and significant gains in internal rotation
at a mean follow up of 28 months.

Another area of interest had been the effect of increasing gle-
noid size to increase lateralisation. Werthel et al. reported an in-
crease of only 1 mm in global lateral offset when moving from a
36 mm glenosphere to a 42 mm glenosphere.32 There is some data
from cadaveric analysis that impingement free range of motion
increases with a larger glenosphere,26 however the evidence to
support increasing glenosphere size to lateralise global offset is
lacking and further research is needed to support the application of
this principle.

Humeral lateralisation has become increasingly popular, can be
achieved in a number of different ways and is utilised more than
glenoid lateralisation to achieve greater global lateral offset across
the majority of implants on the market.32 Firstly, while the initial
Grammont design had a straight stem, many newer designs are
now curved. A curved stem has a number of benefits including
preservation of tuberosity and metaphyseal bone stock, preserva-
tion of remaining rotator cuff insertion and the option of modu-
larity between anatomic and total shoulder arthroplasty.22 A
curved stem also results in a greater humeral stem offset. Another
important design aspect relates to whether the humeral compo-
nent is embedded in the metaphysis (inlay) or sits above the hu-
meral cut (onlay). Curved stems commonly adopt an onlay system
which, which further lateralises the humeral stem by increasing the
distance between the centre of the midpoint of the humeral
articular surface and the pivot point (the humeral insert offset).
There is marginal lateralisation of approximately 3mm gainedwith
a more varus NSA of 135� compared to 155�, and gains on the hu-
meral side are largely achieved by stem design and the shape of the
inlay.32 Modifications on the humeral side to increase lateralisation
improve cuff efficiency, increase impingement free range of motion
and reduces the deltoid forces required to initiate abduction rela-
tive to glenoid lateralisation.34e36 Despite these benefits, it is
important to recognise some of the drawbacks of excessive humeral
lateralisation which has can increase soft tissue tension and the
forces generated by the deltoid, potentially resulting in pain and
stress fractures of the acromion.37,38

The clinical evidence-base to support lateralised RSA over non-
lateralised RSA is limited. Non-comparative studies demonstrate
that the rate of notching is high and external rotation gains are
small after non-lateralised RSA39 while proponents of lateralised
RSA have demonstrated in their patients’ lower rates of scapular
notching and improved external rotation.17 In a relatively small
randomised trial of 34 patients comparing a lateralised and non-
lateralised RSA, Greiner et al. showed external rotation gains in
the lateralised group. Although these gains did not reach statistical
significance, the population studied was small and their findings
are limited by the potential of type II error.40 With regards to long
term outcomes Kennon et al. compared a glenoid lateralised and
non-lateralised implant in a group of 100 patients, and found that
at 10 year follow up there as no significant difference in compli-
cations or re-operations, but marginal gains in forward elevation
with higher scapular notching rates in the non-lateralised group.41

Further clinical research is needed to demonstrate the role of lat-
eralisation in patient outcomes, and analysis of joint registry data
may be an important way to study these outcomes in the future.

4. Stability of the prosthesis

Instability after RSA is a well-recognised complication and
although its incidence is highly variable across the literature, a
review of articles published between 2005 and 2015 stated that the
overall incidence was approximately 5%.42 It is important to

consider the factors that contribute to increased stability in order to
address the risk of dislocation. Gutierrez et al. performed a labo-
ratory analysis on 8 RSA implants to investigate the hierarchy of
factors affecting stability in RSA.43 They found that the most
important factors affecting stability were the compressive forces
acting on the prosthesis, followed by the prosthetic socket depth,
with the size of the glenosphere contributing very little.

In a cuff deficient shoulder that has undergone RSA, the joint
compressive forces are related to soft tissue tensioning. Soft tissue
tension can be modified using a variety of surgical techniques and
prosthesis factors (Table 1).44 With a medialised COR, the vector
pull of the deltoid is no longer in linewith the humerus and this can
act as a distracting force contributing to instability.45 Lengthening
the humerus by retaining more proximal humerus or using a larger
humeral insert can address this issue, however it does carry the risk
of acromion stress fracture, loss of motion and brachial plexop-
athy.44 Lateralising the offset of the implant will also reduce the
distracting vector from the deltoid, however to date there is limited
evidence demonstrating a reduction in post-operative instability
achieved using a lateralised RSA implant. Matthewson et al. per-
formed a meta-analysis of seven studies including 1306 patients
undergoing RSA. The study reported that there was a reduction in
dislocation risk when the subscapularis was repaired in both lat-
eralised and medialised RSA designs, but when subscapularis was
not repaired there was a reduced risk of dislocation in the lateral-
ised RSA implants.46

From a biomechanical perspective, the importance of prosthetic
socket depth can be explained using the balance stability angle
(Fig. 2). This is the maximum angle that the net force on the hu-
meral head forms with the glenoid centre line before dislocation
occurs.47 In an atomic shoulder replacement this angle is approxi-
mately 30� which reflects instability derived from an unequal
curvature of radii and limited constraint.6 With RSA, the equal radii
of curvature and increased constraint from the more conforming
humeral articular surface, which prevents glenohumeral trans-
lation, results in increased stability. The RSA design is able to
tolerate a joint reaction force factor of up to 45�47 making it more
inherently more stable, but limiting impingement free range of
motion compared to an anatomic shoulder replacement. Therefore,
using a deeper socket to increase stability is an option within the
surgical armamentarium, but the trade-off to this is a reduction in
ROM.43

Joint stability is also affected by the position of the arm. When
the glenohumeral joint in an RSA is in 90� of abduction, it is be-
tween 2 and 3 times more stable than its anatomical counterpart.48

In adduction, despite the design factors that contribute to
constraint, there has been general consensus that there is an
increased risk on instability and this is due to inferior impingement
which can generate a levering effect.6 This can be addressed by
eccentric positioning of the glenoid and lateralising the implant
design.43 In the long term, further clinical research will be impor-
tant to determine how instability is affected by the variation in

Table 1
Factors that help restore soft tissue tension in RSA (adopted from Walker et al. 44).

Implant Factors
Increasing glenosphere size and use of an eccentric glenoid
Use of a valgus neck shaft angle of humeral prosthesis
Thickness of humeral insert
Use of a lateral offset glenosphere
Surgical Factors
Changing the level of the humeral osteotomy
Place the glenoid in a more inferior position
Changing the offset of the humeral socket
Placement of glenoid with inferior tilt
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implant design and the expanding indications for the use of RSA.

5. Deltoid function

The effect of a medialised COR on deltoid efficiency forms the
core tenet of the Grammont RSA design, and deltoid function is an
important part of the biomechanical principles for the prosthesis.
In the native shoulder, the anterior deltoid is predominantly a
flexor, the middle deltoid is an abductor and the posterior deltoid is
largely an extensor.6 When the COR is medialised with RSA, a larger
part of the anterior and posterior deltoid is recruited and all 3
component parts of the deltoid act primarily as abductors.6

Cadaveric research has demonstrated that the moment arm in all
3 sub-regions of the deltoid is increased in RSA thereby reducing
the force required to initiate shoulder abduction.49 The improve-
ment in deltoid function translates into improved abduction range
following RSA for rotator cuff arthropathy seen in a number of
clinical studies.50 These abduction gains do come at cost, and as the
posterior deltoid sub-region is recruited to become an abductor, it
loses its external rotation moment arm which results in the
external rotation deficit commonly observed after RSA.44 This is
further exacerbated by the loss of tension on the residual posterior
cuff. It is also important to consider effect of prior shoulder surgery
on deltoid function, specifically the anterior deltoid. Schawatz et al.
performed a cadaveric study assessing the functional role of the
deltoid sub-regions on function.51 They concluded that the anterior
deltoid is crucial for balanced function and loss of the anterior
deltoid may disrupt balanced abduction. The authors recom-
mended surgeons should exercise cautionwhen considering RSA in
patients in whom there was loss of function within the anterior
deltoid.

6. Conclusion

The evolution of RSA design since Paul’s Grammont’s first
prosthesis, has been driven by the application of increasing
knowledge of implant biomechanics as well as the growth in in-
dications for RSA in shoulder surgery. Modern implants offer
increased modularity to offset some of the drawbacks of a
medialised COR such as limitation in ROM, while trying to preserve
deltoid function and reduce the risk of design related complica-
tions. It is important that shoulder surgeons understand the
biomechanical principals of RSA to better inform their decision
making in implant selection. It is also crucial to determine the
clinical benefits of many of the principals that inform design

variability, as much of scientific evidence remains laboratory-based
analysis, with limited long-term data demonstrating improvement
in patient outcomes.
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a b s t r a c t

The gain in popularity of shoulder arthroplasty in the last three decades has been dramatic. The rate of
increase in shoulder arthroplasty is three to five times compared to total hip replacement and total knee
replacement respectively. The debate between surface replacement arthroplasty and conventional
shoulder arthroplasty has been long standing with no clear winner. Bone preservation, ease of replicating
anatomy, low complications and the comfort of relatively simplified revision surgery are some of the
distinct advantages of SRA over stemmed arthroplasty. In the medium term follow up of surface
replacement hemi arthroplasty, glenoid pain is minimal and in a small percentage of cases. In the long
term, the choice between revising an eroded glenoid versus a loose glenoid plastic with associated bone
destruction, will be a decision that the surgeon will have to take along with the patient. In our view,
shoulder surface replacement hemi arthroplasty is an attractive option in the young arthritic shoulder.
© 2021 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.

Anatomic shoulder arthroplasty is the procedure of choice for
end stage arthritis of the glenohumeral joint with intact rotator
cuff. Aim of any arthroplasty surgery is to reduce pain and improve
function, with return to near normal life. Shoulder resurfacing is an
attractive concept because it preserves the humeral head, unlike
the conventional stemmed humeral implant which sacrifices the
head.

First shoulder replacement was done by a French surgeon Jules
Emile Pean in 1893 to cure proximal humerus tuberculosis. In
1950’s Neer took this development further and laid the foundation
of modern shoulder arthroplasty.1 Neer designed humerus pros-
thesis to deal with proximal humerus fracture. Zippel in 1975, first
described the humerus resurfacing with polyethylene glenoid.2

Concept of surface replacement arthroplasty (SRA) of shoulder
came from early work done for hip resurfacing surgeries.3 Modern
orthopaedic trends changed frommore conventional techniques to
minimally invasive, more anatomic and bone preserving surgeries
specially in young, high demand patients whomay need revision in
future. Copeland et al4 popularised resurfacing shoulder arthro-
plasty in 1980’s and did serial improvement in the earlier designs.
They emphasised on replacing only the damaged cartilage with
bone conservation. MARK-1 prosthesis constitutes central pegged

humerus with a screw which is fixed to lateral cortex of humerus
and polyethylene fixed peg glenoid component. Later screw from
humerus was eliminated because it was not providing any benefit.
In 1990 MARK-2 prosthesis was developed with metal backing to
glenoid and fluted taper fit peg to humerus for additional stability.
Three years later HA coating was added (MARK-3) for better fixa-
tion of the implant.4,5 With addition of HA coating they showed
increase bone integration and reduce loosening.

A study of National Inpatient Sample (NIS) data, revealed
increasing rate of shoulder arthroplasty being 103.7% between 2011
and 2017, compared to THA and TKA with increasing rates of 29.1%
and 17.8% respectively.6 The rise in numbers further necessitates
improving functional results, reducing complications and making
revision simpler.

Indications and contraindications for SRA remains same as
stemmed anatomic shoulder arthroplasty. SRA is possible with
humeral head collapse up to 40%.5,7 Both SRA and stemmed
anatomic are not advisable in B2 and C glenoid. The main argument
against resurfacing hemiarthroplasty in comparison to total
shoulder replacement is the glenoid erosion and the pain associ-
ated with hemi-replacement. Those not in favour of resurfacing
arthroplasty argue about the difficulty in resurfacing the glenoid
due to limited access with an intact head. The counter argument is
that current status of glenoid longevity in stemmed total shoulder
arthroplasty is about 13 years.8 Hence in the long term, one needs
to choose between dealing with an untouched glenoid erosion
versus a loose glenoid implant with bone loss.
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Copeland in his study4 of 103 shoulders with a follow-up of 6.8
years reported Constant score of 93.7% for total SRA and 73.5% in
hemi SRA. Best results were seen with primary osteoarthritis. Poor
results were seen in rotator cuff arthropathy and post traumatic
arthritis. Eight shoulders (7.7%) required revision surgery, of which
only two were revised due to primary loosening. They concluded
that results of SRA is comparable to stemmed shoulder
arthroplasty.

In another study by Levy and Copeland of 79 shoulders with
primary OA, 37 were treated with hemi SRA and 42 were treated
with total SRA. At an average follow-up of 7.6 years, 89.9% were
satisfied with the outcome. Four revisions were performed in the
total SRA group and none required revision in the hemi SRA group.
The results of hemi and total SRA were comparable.5

Levy in his study9 of patients younger than fifty years old with a
mean follow-up of 14.5 years showed excellent results after SRA in
42 shoulders. Seventeen SRA were done with metallic glenoid
component and 37 were hemi SRA with microfracture of glenoid.
The improvement in pain and function was maintained more then
10 years after surgery. They concluded that SRA offers a valuable
tool in treating young patients with glenohumeral arthritis,
providing reasonable good long-term results in 81.6% of patients
while preserving bone stock in case revision surgery is required.9,10

Raiss in his study of 35 patients with three years of mean follow
up found 94% satisfaction rate after total SRA and significant dif-
ference between pre and postoperative Constant score.11 There
were no component loosening although radiolucent lines were
seen in 88% glenoid component, superior migration of humerus
was noted in 14% cases but it was mild and three patients sustained
neurological complications out of which two recovered completely.
Neurologic complications are attributed to difficult exposure of
glenoid in total RSA.

James Pritchett, published long term results (mean follow-up of
28 years) of 74 shoulders, in which total SRA was performed in 41
shoulders and hemi SRA was performed in 33 shoulders.12 He re-
ported 95% satisfaction rate, 96% survivorship of humerus compo-
nent, 92% patients had no limitation in movements and 39%
patients were involved in sports and strenuous activities. Twelve
out of 38 radiographic analysis of glenoid showed loosening but
only three required revision surgery and two humeral components
showed loosening, of which one was an old design with screw and
one was implanted on a deficient bone stock. Patient satisfaction
and functional outcome were same in the total RSA and hemi RSA
group. Six patient out of seven revision surgeries were happy with
their results.

Buchner in his matched pair analysis of 44 patients compared
the outcome of hemi SRA and stemmed total shoulder arthroplasty
(TSA).13 Twenty two patients received hemi SRA and 22 received
TSA. They found decreased surgical time, minimum blood loss, less
technical difficulties and reduced postoperative stay in hemi SRA as
compared to TSA. Constant score, mobility, abduction and flexion at
one year follow up was better in TSA group as compared to hemi
SRA. However on subjective assessment there was no significant
difference between the two.

Mitchell Fourman in his midterm follow up studies found hemi
SRA better than stemmed hemiarthroplasty in terms of pain relief
and functional scores but no significant difference in complications
and range of motion.14 They suggested that better functional score
and pain relief in hemi SRA group is due to better restoration of
anatomy, decreased postoperative adhesive capsulitis rate due to
less tissue damage and decreased tension on rotator cuff in hemi
SRA.

Bailie in his study15 of 36 patients, less than 55 years of age in a
short term follow up who underwent humerus resurfacing
concluded that 97% patients were satisfied with the procedure.

They found that 30 out of 36 patients returned to their earlier ac-
tivity level and they also participated in sports like heavy weight
lifting, hockey tennis, golf, basketball and one patient started
bobsleigh in Olympics. Two patients with B 1 type glenoid showed
earlier progressive signs of glenoid wear resulting in biconcave
glenoid (type B 2), there were no radiological signs of loosening in
any patient.

Nicholas Iagulli in his study of 48 patients younger than 60 years
showed promising outcomes in a mid-term follow up.16 He found
94% satisfaction rate in patients treated with hemi SRA. Forty five
out of 48 patients (94%) resumed their previous activities including
labour, weight lifting, golf, tennis, hunting, even gymnast andwater
skiing. Rate of glenoid erosionwas only 2%, which was attributed to
proper patient selection and restoration of native anatomy with
resurfacing humerus arthroplasty.

Our own experience is similar to that elaborated in the above
quoted literature.17 As compared to a stemmed hemiarthroplasty,
hemi SRA is a relatively simpler bone preserving procedure, easier
to replicate the anatomy, with less blood loss and complications. In
all the cases where stemmed replacement is performed, SRA is also
possible, except in cases with extensive collapse of the humeral
head. In the medium term, pain due to glenoid bone erosion is
occasional and acceptable. In the long term when revision may be
required, the surgeon has to decide whether he or she prefers
operating on an eroded but untouched glenoid bone versus the
difficulties of revising a loose glenoid plastic with associated
osteolysis.

1. Conclusion

Hemi SRA is certainly relevant and in fact an attractive, valuable
option when dealing with glenohumeral arthritis in young, active
patients with high demand. It is bone preserving, less invasive with
fewer complications and provides the comfort of revision surgery, if
required in the long term.
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a b s t r a c t

Shoulder arthroplasty is an increasingly commonly performed procedure that achieves excellent func-
tional outcomes and ameliorates pain in the majority. In preparing for a shoulder arthroplasty it is vital
that the surgeon makes assessment of a number of factors. These factors are discussed and as to which of
these determine the outcome. There are patient specific factors, such as the degree of joint and soft tissue
damage, the presence of bone loss, the type of arthritis present and any co-morbidities. The type of
prosthesis selected also can influence outcome. The surgical technique and ongoing care and rehabili-
tation considerations will affect the patient satisfaction. The planning for surgery is enhanced by the use
of imaging and technology.
© 2021 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.

1. Introduction

Shoulder arthroplasty surgery has increased in utilization
dramatically over the last decade. In Australia the rate increases by
5% per year and has risen 187% between 2008 and 2019.1 The uti-
lization of reverse total shoulder arthroplasty (RTSA) has increased
at a much faster rate, as it also has expanded the indications for
arthroplasty. In Denmark there has been a 10 fold increase in use of
RTSA and it is anticipated that this rate will continue to multiply by
3e7 times by 2030.2

The surgery is anticipated to alleviate pain and to restore
function to the joint that is compromised by a number of different
pathologies. All studies show high rates of success and good out-
comes but it is evident that there are some individuals who expe-
rience a less satisfactory result.3

We review the scientific evidence of those cases that had an
unsatisfactory outcome in order to improve our current surgical
outcomes.

Pre operative assessment planning and preparation involves a
number of steps that can enhance surgical experience, improve
patient satisfaction and provide enhanced long-term implant
survival.

In preparation for successful shoulder arthroplasty it is impor-
tant to identify factors that are modifiable. From a patient
perspective the cessation of smoking has a significant benefit in
outcome.4Whereas the effect of obesity on outcome and function is

a less significant determinant.1

2. Outcome assessment

Outcome is assessed against a number of metrics, the clinical
assessment of patients is frequently used as a measure of outcome
and validated tests such as the Constant- Murley5 score or ASES6

utilize a combination of objective and subjective tests. Common
factors in clinical assessment are the levels of pain and the amount
of motion achieved. This data is then used for statistical analysis.

In assessing outcomes for arthroplasty revision surgery has been
used by joint registries world wide as a clinical indicator.1 This
represents a defined and easily reported point and can be used as a
comparator in populations or large numbers of patients. This data
provides national and international guidance for prosthesis per-
formance. However, on an individual patient or surgeon level due
to the low volume of surgeries performed using this data can often
create a skewed perspective.

Some registries are now expanding their role to include patient
related outcome measures to provide better clarity on the perfor-
mance of arthroplasty.7 The level of patient satisfaction may not
directly correlate with other measures and can display a bimodal
distribution in outcomes with the majority extremely satisfied and
a further peak extremely unsatisfied. This later group of patients
may have dissatisfaction and an unsuccessful outcome due to
infection, rotator cuff secondary failure, glenoid implant loosening,
instability or fracture. Each of these factors will be considered in
detail.E-mail address: nick.wallwork@sportsmed.com.au.
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3. Infection

Infection is associated with all surgery however the impacts for
a prosthetic replacement often result in revision surgery, compro-
mised outcome and significant financial cost.8 Infection can be
regarded as a potentially preventable event. It is clearly shown that
the infection rates vary across countries, hospitals and individual
surgeon’s practices.9 The rate of infection can be reduced by un-
dertaking best-practice with a system wide approach to reducing
the risk. On an institutional level, hospitals that adhere to high
standards of monitoring and clinical surveillance such as manda-
tory hand hygiene protocols have documented lower rates of
infection.10

The operating room environment needs to be controlled with
reduced cross air flow and the limiting personnel in the theatre
have shown to reduce infection.11

The surgical team’s level of experience,12 and the duration of
surgery are also factors that can be optimized to further reduce
infection.13

Male sex is associated with a higher rate of infection and un-
satisfactory outcomes14 and the reasons for this are not entirely
clear. But it is noted that males carry a higher level of colonization
with cutibacterium acnes and a number of strategies are available
to screen and decolonize patients for pathogenic bacteria prior to
surgery.15

The appropriate and rational utilization of prophylactic antibi-
otics needs to be determined for an individual surgeon’s patient
population.

4. Rotator cuff dysfunction

The rotator cuff and specifically the subscapularis tendon pro-
vide the stability of a conventional shoulder replacement as well as
the function of the joint. The persisting dysfunction of the rotator
cuff is a frequent cause of unsatisfactory outcome form surgery and
is the highest reported cause for revision surgery.1,14,16

The pre-operative clinical assessment of the rotator cuff is
compromised by a restricted range of motion and pain inhibition. It
is also not possible to determine clinically, what the rotator func-
tion will be after surgery by alone ensuring tendon integrity.

Radiological assessment by CT scan or MRI can be performed
and looks at factors such as humeral head superior migration,
tendon integrity and muscle wasting. The analysis of fatty infiltra-
tion17 as a proportion of the respective muscle has become a
standard for assessment of the rotator cuff. This has been used to
assess the suitability and likely success for rotator cuff repair as well
as implied functional assessment when deciding between con-
ventional and reverse arthroplasty prosthesis.

It is evident from registry data that many surgeons are
increasingly electing to avoid rotator cuff complications and need
for revision surgery by selecting a RTSA.1 Rotator cuff tears and
dysfunction increase with incidence with age and females have a
higher rate of revision surgery for rotator cuff failure.16 Hence it
would seem appropriate that in current clinical practice females
aged over 75 have a higher rate of RTSA.

The described surgical approach for shoulder arthroplasty in-
cludes multiple options to address the subscapularis. This includes
performing a tenotomy, taking an osteotomy or techniques to
preserve the attachment. Similarly, there are varied techniques for
repair and reattachment of the subscapularis. However a number of
comparison studies have failed to document an advantage of any
one technique over another.18

The selection of an anatomically appropriate sized implant re-
stores the optimum tendon functional length and biomechanically
a prosthesis that is too small will result in a reduced range of

motion and poor strength, whereas an oversized prosthesis ten-
sions the rotator cuff and predisposes to pain and failure.

The implant size can be estimated accurately by pre-operative
templating with X-rays and CT scans and at the time of surgery
by assessing the size of bone resection.

The intra-operative technique for clinical assessment of correct
size, utilizes a combination of described bony landmarks and soft
tissue tension tests. These include that the articular head of the
prosthesis is no more than 5 mm over the level of the greater tu-
berosity, the translation of the trialed joint should be up to 50% of
the head diameter or 15 mm, the shoulder achieves 40� of external
rotation without tension on the subscapularis repair and allow for
60� of internal rotation.

4.1. Glenoid loosening and failure

Glenoid component loosening is a frequent cause for conven-
tional shoulder arthroplasty failure in registry data analysis,1

literature reviews19,case series in France20 and insurance data in
the USA.21 The rate increases with the longevity of the prosthesis.
The causes of early glenoid failure are multifactorial but achieving a
well supported stable implant in neutral version improves survi-
vorship.20 This is critical for a conventional total shoulder arthro-
plasty, but the RTSA is more tolerant of variations in version. The
rate of aseptic loosening is higher for uncemented implants.1

Glenoid version can be measured on X-Rays22 and is much
improved by CT methods.23 It is found by determining a perpen-
dicular to the plane of the scapula and measuring the angle be-
tween it and the glenoid articular surface. A normal anatomic
variation exists and an increased trend for retroversion leads to a
predisposition for osteoarthritis. In osteoarthritis progressive
articular wear predominates over the posterior glenoid resulting in
defined patterns of bone loss.24

Implantation of a glenoid component in as little as 10e15� of
retroversion will lead to increased edge loading biomechanically25

and can lead to early failure.26 The failure rate increases with
increasing deformity.27

Hence for the longevity of the prosthesis it is essential that the
glenoid version is corrected accurately at the time of surgery. For
preoperative planning the routine use of CT and 3 D modeling
software allows the surgeon to develop a plan. This process alone
can improve the accuracy of implantation28 and is further
enhanced by the use of intra-operative guides or patient specific
instrumentation28, .29 This improvement in targeting to correct
version is even more significant for less experienced surgeons.30

Whilst discussing the varied techniques for correction of glenoid
bone defects is beyond the scope of this article it is worth noting
that preference for a RTSA maybe appropriate. As in a RTSA there is
a greater tolerance for persisting retroversion31 and corrective bone
grafts beneath a baseplate have a very high rate of union.32

In RTSA inferior glenoid progressive bone loss and notching can
be seen in up to 93% of cases at 10 years for earlier prosthetic de-
signs.33 This has been correlated with a worse outcome on func-
tional scores and specifically with forward flexion and
abduction.34,35 The accurate positioning of the glenosphere with
accentuated inferior inclination and translation to create inferior
overhang reduces the rate of notching and improves the range of
internal rotation.

Glenoid component wear is an important consideration to
prevent aseptic loosening in arthroplasty. The selection of an
implant that utilizes highly crosslinked poly-ethylene has an
advantage in laboratory studies.36
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5. Instability

Prosthetic instability is frequently described as a common cause
for revision and is the outcome of the previously discussed
complication of rotator cuff failure, can be due to poor implant
sizing and glenoid asymmetric wear. It also includes episodes of
prosthesis dissociation, which are implant specific but do increase
in frequency as the complexity and modularity of the prosthesis
increases. Prosthesis selection to minimize revision surgery is
improved by critical analysis of population data by registries.1

In RTSA instability can occur in the early post-operative period
and is more common in cases of fracture, inflammatory arthritis, or
in the presence of humeral bone loss. RTSA instability occurs more
frequently if the implant is inserted without anatomic retroversion.
Late instability is due to implant wear and assumed progressive loss
in tone and function of the deltoid.33 Current implant design aim to
improve stability by increasing the glenoid offset and providing
relatively larger size glenospheres.

The rehabilitation from shoulder arthroplasty needs to protect
the shoulder form early instability and damaging the subscapularis
repair. This requires the shoulder to be restricted in external rota-
tion range and also to avoid being loaded in extension and
adduction. Many of the published protocols for rehabilitation need
to be improved by qualitative research as they are descriptive in
nature and are not based on outcome data.37

6. Fracture

Periprosthetic fractures of the humerus requiring revision oc-
curs in approximately 0.6%e3% of all shoulder arthroplasties un-
dertaken in the US.38 The overall incidence is likely to be higher as
some do not require revision surgery. The risk of fracture increases
with increasing age. To reduce the risk of fracture a smaller diam-
eter and shorter stem can be used and the clinical data supports this
as a safe option.39 The rate of revision surgery for humeral loos-
ening alone is very low and this appears to be similar between
cemented and cementless implants.1

Acromial stress fractures occur in 4% of RTSA40 and whilst these
fractures do not require revision surgery they result in persisting
pain and a compromised range of motion. These fractures have a
higher incidence in females with associated osteoporosis and
decreased pre-operative range of motion and the prosthesis is sited
more medially and distally.

7. Conclusions

In planning for a successful arthroplasty it is important to assess
the patient and determine what functional outcome is anticipated
and set realistic expectations for recovery.

The patient assessment will encourage optimization of health
for surgery including the cessation of smoking, addressing anaemia
and taking skin swabs for commensal organism determination.

Preoperative screening investigation includes a CT scan and
possibly anMRI scan. This allows selection for either a conventional
arthroplasty or RTSA, due to the assessment of the rotator cuff
integrity and quality as well as the degree of bony deformity.

The utilization of 3-D planning software has a proven advantage
in determining the best position to site the implants. This dem-
onstrates the need for the correction of glenoid version and the
degree of inclination. The sizing of the implants and the selection of
adjuvant techniques or augments can be made. This can be devel-
oped into patient specific guides to facilitate surgery.

Surgical outcomes are enhanced by performing surgery with an
experienced team in a facility that performs higher volumes of
arthroplasty and has robust infection control practices.

The prosthesis selected should have appropriate modularity to
facilitate anatomic restoration but have limited complexity. The
data on long term outcomes for individual prostheses are available
in unbiased registry reports and the selection of a high performing
implant is essential.

The implant selected for conventional arthroplasty needs to
replicate the geometry and size of the humeral head and have a
cemented glenoid component supported in neutral version. For
RTSA the position of the glenosphere requires inferior inclination
and overhang but it is important not to be too medialised or infe-
riorly placed. The humeral stem should be as short as possible to
preserve bone stock and placed in anatomic retroversion.

Adhering to these planning and preparation practices, which are
evidence based should result in improved outcomes, whether they
be determined by revision rate, clinical assessment tools or by
patient satisfaction.
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1. Introduction

Shoulder arthroplasty has gone through a variety of design al-
terations since its inception in the 1880s with ivory endoprostheses
implanted by Themistocles Gluck and the first formally credited
shoulder arthroplasty by Jules Emile P�ean in 1893.1 In more recent
decades the demand for shoulder arthroplasty has continued to
increase and with this demand has come more technological im-
provements. The modern popularity of shoulder arthroplasty did
not take hold until the 1950s when Charles Neer published a case
series of hemi-arthroplasties in the management of proximal hu-
merus fractures.2 The implant design consisted of a monoblock
stemmed humeral implant without any glenoid resurfacing. Two
decades later Neer further published promising results relating to
patient satisfaction following shoulder arthroplasty for gleno-
humeral osteoarthritis (OA).3 This was followed by the realisation
of the importance of the integrity of the rotator cuff in anatomic
arthroplasty success as demonstrated by proximal migration of the
humeral head in cuff deficient patients.4 In the years that followed
further design changes and various iterations of constraints led to
what is now the conventional reverse total shoulder arthroplasty
(rTSA) based around Grammont’s principles in 1985.4 Anatomic
and reverse shoulder arthroplasty was built on the traditional
model of lower limb arthroplasty with an intramedullary stem to
support the humeral head arthroplasty.

The need for a stemmed implant is well established in arthro-
plasty surgery especially hip and knee but the necessity in shoulder
arthroplasty was questioned by several surgeons including Steve
Copeland in the 1980s.5 He began implanting humeral head surface
replacements in 1986 and by 1993 his design had evolved to

include a hydroxyapatite coating. Results showing comparable
outcomes to stemmed implants were published in 2003.5 With
further evolution of implant designs came the recognition of
associated complications of each design.4 However, access to the
glenoid was compromised when the humeral head was not
removed and one answer came with the introduction of the Total
Evolution Shoulder System [TESS] from Biomet (Biomet; Warsaw,
Indiana) in 2004. This was the first of so called “stemless” design
and since then many more comparable implants have been
released with variation in implant length and fixation design. All
implants and evolving designs share common goals: improved
implant survivorship, easier revision if required with preserved
bone stock and improved clinical outcome and patient satisfaction.
Terminology can be confusing as some implants have been referred
to “short stem” or “stemless” at different times or in different
publications. In this article we use the term “stemless” designs to
refer to implants that do not extend their fixation beyond the
metaphysis and have finned or caged designs.

2. Anatomical considerations

We now have a good understanding of the original anatomy
being replaced and the variation across a population. A humeral
head radius range of between 22 mm and 25 mm has been
described with an arc of 150�. The centre of rotation of the proximal
humerus is determined by considering it spherical in morphology
whilst the entire articular surface is more ellipsoid in
dimensions.6e9 Thus, most humeral head implants have a spherical
shape with the thickness of the head related to the section of the
sphere. Some implants vary the head thickness while maintaining
the same radius of curvature. The position of the humeral head
relative to the humeral shaft was seen to be critical by some au-
thors8 and was adopted in many 3rd generation designs. The centre
of rotation of the humeral head has been shown to lie between
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5 mm and 11 mmmedial and 1 mme5 mm posterior to the shaft in
its offset. Head inclination and thickness are approximately 40� to
45� and 15 mme20 mm respectively relative to the anatomical
neck axis with native version of 18� to 25� retroverted. The range
however has been shown to be from 5� anteverted to 60� retro-
verted.6,7,9 The relative relationship between the humeral head and
shaft leads to difficulties when stemmed implants are used. Even in
more modular “third generation” implants allowing integrated off-
set adjustment the position of the head remains dependent upon
the proximal humeral shaft with stemmed implants whether short
or standard length. So true stemless implants may offer the best
alternative for reproducing anatomy providing they are inserted
correctly.

3. Introduction of varied stems

At present there are a variety of implants available and these can
be categorised as standard-stemmed, short-stemmed, resurfacing
implants and stemless implants.

There are benefits and disadvantageswith each both for patients
and surgeons. Standard length stemmed implants were the first to
be used by Neer in the treatment of proximal humerus fractures in
the form of a monoblock construct. More modern implants typi-
cally come in modular form allowing more variation and custom-
isation to accommodate an individual patient’s anatomy including
offset, neck/shaft inclination, height and even in some implants,
version. The fixation can be further cemented or uncemented, each
offering benefits and restrictions. Press-fit implants are dependent
upon satisfactory bone stock particularly in metaphyseal-fix im-
plants and are also more restricted by patient anatomy e narrow
canals, post-traumatic deformity. Relative indications for standard-
stemmed implants include proximal humeral bone loss, poor
proximal bone stock or a wide intra-medullary canal. If bone stock
proximally is extremely poor a standard length stem with diaphy-
seal fixation is most appropriate.10 Many surgeons consider the
gold standard to be stemmed designs.

4. Stemmed implants: Cemented vs. Uncemented

Cemented implantation allows for some of these issues of
abnormal anatomy to be overcomewith improved implant position
and version.11 Cement also allows some further impregnation with
antibiotics in an effort to reduce peri-prosthetic infection, albeit
that only short-term follow-up studies have shown benefit of this.12

Cemented implants were also found to be superior to their unce-
mented counterparts in long-term follow-up with patients
reporting a better quality of life and objectively improved forward
flexion.11 When comparing cemented and uncemented implants
regardless of stem length, uncemented implants were also found to
be more likely to require revision, however this was further noted
to be due to glenoid related issues rather than humeral problems.
Male gender, younger age and post-traumatic arthritis also seemed
to have an effect, although to a lesser extent.11 Cementing implants
may better distribute stresses to cortical bone and lessen proximal
stress shielding. However, the technique come with some unde-
sired effects including cement toxicity, bone stock loss from
reaming and more difficult revision due to cement removal.
Cement pressurisation is thought to be important for fixation and
this may be more difficult in shorter stemmed implants where the
stem tip ends in the widened metaphyseal-diaphyseal junction.

Coating of uncemented implants varies and some implants
avoid fixation distally by using polished surfaces in an effort to
avoid distal fixation with proximal stress shielding (see Fig. 1). We
are not aware of publications which support or refute this model.

5. Resurfacing implants

Preservation of proximal bone stock led to the emergence of
resurfacing implants. These are designed to replace the surface of
the humeral head while maintaining the humeral head bone stock.
The aim of such devices is to replace the arthritic joint surface
whilst restoring normal anatomy, while avoiding diaphyseal fixa-
tion. Version, inclination, and off-set restoration are all possible
through a press-fit design. The theoretical benefits of resurfacing
implants are similar to those quoted with stemless implants,
including humeral component placement independent of diaphy-
seal morphology and easy, accurate implantation. Revision is also
simplified without stem removal or excessive bone excision. Young
patients with increased activity and concentric glenoids are ideal
candidates for such surface replacement hemiarthroplasty
implants5,13(see Fig. 2). Less favourable outcomes are expected if
used in certain patients including those with significant humeral
head bone loss in excess of 40%, deformity secondary to trauma and
considerable glenoid wear.13

The majority of surface replacement implanted were hemi-
arthroplasty at a time when the benefit of total arthroplasty was
questioned. The increased enthusiasm for total arthroplasty in the
past 15 years and the impaired glenoid exposure with resurfacing
implants has added to the trend towards stemless implants that
involve a humeral head osteotomy, particularly in patients with
significant glenoid wear. Furthermore, anatomical restoration

Fig. 1. A stemmed implant with proximal coating (with permission Mathys, Bettlach,
Switzerland).
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proposed by resurfacing have been suggested to be less than
initially reported with associated increased offset and suggested
overstuffing of the glenohumeral joint.14,15 Radiolucent lines have
also been attributed to the use of resurfacing implants in up to 25%
of patients however several authors have reported these findings
without any clear correlation between radiological and clinical
findings.16 Stress shielding, increased glenoid wear and thus
increased failure-rates have been reported, especially in those with
non-concentric glenoids.5,17 A reported revision rate of approxi-
mately 18% in resurfacing patients was seen in patients with pre-
existing rotator-cuff disease and glenoid wear17 and when
compared to TSA, a matched-pair analysis found significant
improvement in range of motion and Constant score in the TSA
group.18 The popularity of resurfacing implants has waned with the
emergence of stemless and short stem designs.

6. Short stems

Short-stem humeral implants have increased in popularity in
place of their long-stem equivalents with encouraging mid-term
results.19e24 They are typically press-fit in design, initially with
grit-blasted coating and now with porous or hydroxyapatite
coating surfaces to allow in-growth. The pore size and titanium
alloy coupled with a metaphyseal taper allow for cancellous fixa-
tion in the metaphysis as opposed to in the cortical bone of the
diaphysis.23 A short-stem implant offers numerous theoretical
benefits over longer stemmed implants including preservation of
proximal bone stock, easier insertion, and subsequent removal. A
smaller stem should also result in less stress shielding as only the
metaphyseal bone is loaded as well as being more independent of
the humeral diaphysis and thus avoiding distorted humeral shaft
anatomy. This does however allow for an increased risk of mal-
positioning as it is independent of the shaft. Shorter stems do not
however negate all issues associated with their longer stem coun-
terparts and intra-operative fractures remain possible during
impaction, specifically around the anterior cortex of the lesser tu-
berosity.23 Outcomes 3 years after surgery in over 100 TSAs showed
clinically significant improvement in shoulder function scores and
no evidence of loosening in those who received a proximal porous-
coated short stem. Medial resorption was detected in over 9% of
patients, however 94.6% of patients reported high levels of satis-
faction and no correlation between clinical findings and radio-
graphic changes was detected.25 Longer-term follow-up between 4
and 7 years showed good clinical improvement with no evidence of
loosening despite 40% of operated shoulders displaying an element

of bone loss in the proximal humerus.25 (See Fig. 3.).

7. Stemless implants

With further interest in reducing proximal bone stock loss,
stemless implants have come to the fore (see Table 1). The enthu-
siasm for such implants is founded in the theoretical benefits
offered. Placement of the implant is entirely independent of the
humeral diaphysis allowing anatomic placement without need for
concern regarding the offset. Without the need for diaphyseal
preparation comes the added benefit of preserved bone stock and a
reduced risk of intra-operative and peri-prosthetic fracture. Frac-
ture around implants may have worse outcome in standard stems
although this is not clearly obvious in the literature. Ease of im-
plantation is demonstrated by reduced blood loss and operating
time.26 Despite clear benefits of stemless implants, they are not
without disadvantages and complications. A complication rate of
7.8% in TSAs using stemless humeral implants has been reported27

with many of the reported complications were intra-operative
lateral cortical fractures sustained at implantation, none requiring
intervention with uncomplicated resolution. Asymptomatic loos-
ening has also been reported.27 A further multi-centre, mid-term
follow-up on a single implant found a revision rate of 6.3% with
rotator cuff failure in 2.9% of cases being the most common indi-
cation,28 the results of which are in line with stemless implants as a
whole. Not all patients requiring TSA are suitable candidates for the
use of stemless implants and exclusion criteria include poor bone
quality, osteopaenia, osteoporosis, significant cysts, and other bone
disorders. Assessment of the bone quality in the metaphysis can be
difficult and x-ray appearancemay not be reliable. Some companies
advise the” thumb compression” test. This involved pressing with
the thumb on the cut metaphyseal bone to assess density. Soft
osteoporotic cancellous bone will imprint easily and then is

Fig. 2. Copeland resurfacing hemi-arthroplasty with bone graft in a 46 year old male e

18 year follow-up post-surgery for complex head split fracture dislocation.

Fig. 3. Reverse Short-Stem TSA (Aequalis Ascend Flex®, Wright Medical, Memphis
Tennessee, U.S.) showing proximal humeral stress shielding with a short-stemmed
implant. In larger canals the manufacturers now recommend avoiding larger im-
plants and choosing cemented implants.
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probably unsuitable for a stemless implant. The fixation of stemless
implants varies between central screw cages and various finned
designs. There is little evidence to suggest at this early stage that
one design is superior to another. Screw fixation has been found to
have reportedly less calcar osteolysis when compared to impact
fixation implants. Alikhah et al. compared the Zimmer-Biomet
Sidus® to the Arthrex Eclipse® reporting that impact fixation
does not appear to be clinically inferior to the screw fixation
method.29 A large variety of short stem and stemless implants are
now available (see Tables 2 and 3) and each design may have a
different set of technical tips and failure mechanism. Certainly, if
using such implants, the surgeon should ensure a full range of
standard stemmed implants are available in case fixation is poor
(see Fig. 4a & b) or there is perioperative fracture.

8. Humeral bone changes with short and stemless implants

Proximal Stress shielding has been observed with many stem
designs but especially uncemented. Distal fixation appears to un-
load the proximal bone causing various patterns of bone remod-
elling and some osteolysis. Concerns have been raised relating to
the radiological changes noted on short stem humeral implants.22

When using finite element analysis (FEA) bone models, 3D virtual
models were created with set parameters for bone quality and
compared under conditions mimicking resurfacing and stemless
implants. Stemless implants showed less bone loss at the fixation
site when compared to the resurfacing implants whilst both groups

showed more bone loss in the ‘unhealthy bone’ model.30 These
results were similar to those reported by Hawi et al. where stemless
implants showed some radiological changes but no inferiority in
clinical outcome.31 In a further FEA study, shortening of the stems
produced bone stresses more closely resembling those of cortical
bone when analysed in a finite element bone model. Trabecular
bone stresses were increased in the stemless models, in keeping
with the change in load distribution secondary to design.24

Comparing finite element models at 45 and 75� of abduction with
10 implants of pegged, boundary crossing and peripherally fixed
showed patterns of predicted bone stresses and resorption. Stresses
were greatest across all implants at 0e5 mm below the resection
level, with resorption most likely between 0 and 15 mm below the
resection level. Primary difference between implants was seen in
the trabecular bone where centrally pegged implants showed the
lowest resorption potential.24 Calcar changes have been observed
in some implants and their long-term relevance is unclear at this
stage28 (see Fig. 5). Certainly, progressive osteolysis must be
investigated to exclude other causes such as low-grade infection or
wear debris (see Fig. 6).

9. Long versus. Short stems: The evidence

In a comparison of long versus short and coated versus uncoated
stems, less radiographic changes have been reported in the short,
coated stems.32 Short-stemmed press-fit implants have been found
to have a higher rate of loosening (aseptic and otherwise) than
comparable implants for reasons unknown. Radiological signs of
loosening seen in 71.0% of cases, 8.7% of these being identified as
being at risk of further loosening and an overall revision rate of
8.2%, however the short follow-up period of 24months of this study
may under-estimate the true revision rate.20 A further short-term
follow-up study comparing ‘traditional length’ and ‘short stem’

implants found no difference in functional outcome however did
show radiological adaptations. The authors recommended further
longer-term studies with particular interest in calcar osteolysis.33

A study addressing the functional performance of implants,
comparing range of motion and 3D-Motion analysis showed similar
performance and showed non-inferiority in the stemless group
when compared to the stemmed group.34 To our knowledge there
are no published long-term studies comparing the clinical or
functional outcome of stemless and standard-length or short
stemmed implants, however we are aware of a trial registered in
2019 described as a patient-blinded trial to compare patient
satisfaction, clinical outcome and complication rates of stemmed
vs. stemless TSA.35 Wiater et al. compared the Zimmer-Biomet
Comprehensive® Mini to the Comprehensive® Mini in a rando-
mised controlled trial of 270 patients. At 2-year follow-up the
short-term clinical results were comparable.36

Table 1
Summary of currently available stemless shoulder implants.

Manufacturer Model Location

Zimmer-Biomet® Sidus® Warsaw, Indiana, U.S.
Zimmer-Biomet® Comprehensive Nano® Warsaw, Indiana, U.S.
Mathys Medical® Affinis Short® Bettlach, Switzerland
Wright Medical® Simpliciti® Memphis, Tennessee, U.S.
Arthrex® Eclipse® Naples, Florida, U.S.
DepuySynthes® Global Icon® Warsaw, Indiana, U.S.
LimaCorporate® SMR Stemless® Arlington, Texas, U.S.
Exactech® Equinoxe® Gainesville, Florida, U.S.
OrthoScience® Catalyst® Naples, Florida, U.S.
IDO® Verso® Theale, Reading, U.K.

Table 2
Summary of currently available short stem shoulder implants.

Manufacturer Model Location

Zimmer-Biomet® Comprehensive® Warsaw, Indiana, U.S.
Zimmer-Biomet® Anatomical Shoulder® Warsaw, Indiana, U.S.
Wright Medical® Aequalis Ascend Flex® Memphis, Tennessee, U.S.
Arthrex® Univers Apex® Naples, Florida, U.S.

Table 3
Recent publications on short and stemless implants and their follow-up periods.

Study Implant Type Mean Follow-up (Months) Number of patients

Romeo et al. (2020)1 Eclipse®/Univers II® (Arthrex®) Comparative 24 327
Wiater et al. (2020)2 Comprehensive® Mini/Comprehensive® Nano Randomised controlled (multi-centre) 24 270
Leonidou et al. (2020)3 Verso® (IDO®) Case Series 36 37
Jordan et al. (2019)4 Affinis Short® (Mathys®) Case Series (multi- centre) 48 207
Beck et al. (2018)5 TESS® (Biomet®) Case Series 95 31
Spranz et al. (2017)6 TESS® Comparative 52 12
Hawi et al. (2017)7 Eclipse® (Arthrex®) Case Series 108 52
Uschok et al. (2017)8 Eclipse® Randomised 68 14
Ballas et al. (2016)9 TESS® Case Series 44 27
Habermeyer et al. (2015)10 Eclipse® Case Series 72 68
Bell & Coghlan (2014)11 Affinis Short® Case Series <24 12
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10. Reverse TSA with stemless implants

Use of stemless implants in reverse arthroplasty is novel except
for one design.37 Concern over the biomechanics of the reverse
implant made many companies reluctant to embark on shorter
design stems however recent introduction of stemless and short
stems to reverse arthroplasty is prominent. We are aware of only
two published results in this area of a single design with one group
reporting thirty-seven prostheses in 36 patients and one deep
infection. A survivorship was reported at mean 3-years follow-up

Fig. 4. a: Stemless humeral implant (Lima Corporate, Italy) post-operative x-ray. b: 6-
month post-operative x-ray (Lima Corporate, Italy). Rotational displacement probably
secondary to poor bone stock. The early clinical result remains excellent however, it
may have been wiser to choose a stemmed implant.

Fig. 5. Stemless humeral implant (Affinis Short®, Mathys, Bettlach, Switzerland)
showing calcar humeral sided stress shielding.

Fig. 6. Progressive osteolysis despite a good clinical result, aspiration revealed Cuti-
bacterium Acnes low grade infection.
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(Range 1e7 years). The authors reported comparable outcomes
with reference to various outcome scores whilst preserving bone
stock and allowing for reproducible, ‘easy’ surgery.37 A further mid-
term follow-up study of reverse TSA using stemless implants re-
ported 56 implants reviewed at mean follow-up of 58 months. One
revision surgery was performed for instability converting to a
conventional implant. One intra-operative complication of a met-
aphyseal crack was reported whilst no evidence of humeral loos-
ening was found. A further five cases of scapular notching were
reported with no clinical implication.38

11. Other review articles on stemless implants

The paucity of robust evidence in this field is further echoed by
the lack of available systematic reviews of available research. One
such review article found 19 TSA and hemi-arthroplasty (HA)
studies with a total of 1115 patients identified. Only 4 studies on
two implant designs (Eclipse and TESS) including 162 patients had
a mean follow-up between 60 and 120 months. Six reverse TSA
studies using two implants (Verso and TESS) with a total of 346
patients were identified, all with a mean follow-up between 18 and
60 months. A reliable improvement in outcomes compared with
preoperative scores across studies was described with a cumulative
0.7% (8 of 1115) humeral component complication rate for TSA and
HA components. There was a cumulative 1.7% (6 of 346) humeral
complication rate for reverse TSA prostheses.39

12. Conclusions

Stemless and short stem shoulder implants are increasingly
popular compared to standard diaphyseal fix implants (see Table 3).
They seem to offer advantage especially in revision surgery where
ease of removal is obvious. Reproduction of the anatomy of the
proximal humerus may be easier however there are few long-term
clinical studies or randomised control trials to definitively prove
benefits. Surgeons should therefore be cautious about their use and
contribute to local and national joint registries. Standard length
compatible implants both cemented and uncemented should al-
ways be available in case of perioperative failure.
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a b s t r a c t

Total shoulder arthroplasty is an effective procedure in restoring anatomy and biomechanics of the
arthritic shoulder. It provides excellent clinical results, and its use is increasing worldwide. Glenoid
loosening is the weak link in shoulder replacement, accounting for nearly one third of all total shoulder
arthroplasty complications. Its causes and possible solutions have been object of extensive investigation.
To strengthen glenoid fixation and provide long-term survival to the implant, several technical im-
provements have been proposed, different materials have been tested and various prosthetic glenoid
designs have been developed, including cemented and uncemented all-polyethylene components, metal-
backed, hybrid, inlay and augmented components. Thus, the surgeon has been provided with many
options, but no clear superiority of one implant over the others has been proved. The choice of the right
implant requires careful evaluation of patient’s pathology, anatomy and expectation and a thorough
understanding of prosthetic shoulder biomechanics and of mechanisms of failure. The aim of this review
is to discuss the available options for glenoid implants in TSA, describe the causes of failure and report
author’s preferences in glenoid replacement.
© 2021 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.

1. Introduction

TSA is the procedure of choice to restore anatomy and biome-
chanics of the arthritic shoulder.1e3 Its outcomes are improving
over time,4 thanks to refining of implant design and improvement
of implantation techniques, and its use is increasing worldwide.4e6

In spite of the good clinical results,2,4,7 TSA is not devoid of com-
plications: they are reported to occur in 10.7e14.7% of patients.8,9

Complication rates remained substantially stable even after the
tremendous increase in implantation rate8,10; however, they are
increasing in absolute numbers. A general classification of com-
plications could divide them in: involving soft tissues, glenoid
component and humeral component.8 Complications involving the
glenoid component are by far the most common: glenoid loosening

is reported to account for 23e32% of complications and to affect
2.5e5.3% of all shoulders.8e10 Therefore, long-term results of TSA
are bound to the survival of the glenoid component. In this review,
we will discuss the available options for glenoid implants in TSA,
describe the causes of failure and report our preferences in glenoid
replacement.

2. Glenoid components

Long term fixation of the glenoid component remains an un-
solved problem.Manufacturers have introduced on themarket new
prosthetic glenoid designs and refined the older ones, in order to
reduce loosening rate. Results improved over time,4 although no
component design proved clearly superior to the others (Table 1).

2.1. Cemented all-polyethylene components

Cemented APGCs are, at present, the most commonly used im-
plants. Keeled glenoid components were the first to be introduced
in the early 1970s.11 They attained 10-years survival rates of
93e95% and 15-years survival rates that reach 92%.12,13 In a

Abbreviations: TSA, total shoulder arthroplasty; APGC, all-polyethylene glenoid
component; RTSA, reverse total shoulder arthroplasty.
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multicentre study on 396 TSA, 10-years glenoid survivorship was
reported to be as high as 98.3% and 93.5% of the included patients
were satisfied with their implant.14 Their weak spot has always
been radiographic outcome, with presence of radiolucent lines re-
ported in up to 84% of patients and radiographic loosening reaching
44%.13,15 Revision has an obvious influence on clinical results,15

while the relationship between presence of radiolucent lines and
clinical outcome has some uncleared aspects:15,16 early radiolucent
lines are not correlated to radiographic failure,16 but mid-term
clinical results and complications are significantly related to the
presence of radiolucent lines.14,17 Granted the good clinical results,
effort was spent to reduce radiolucent lines and radiographic
loosening, modifying some characteristics of glenoid components.
Curved back components were introduced as more conforming to
the underlying glenoid: a comparison of radiological results of
curved- and flat-backed glenoids showed higher radiolucent line
score in flat-backed components.18 The greatest change in glenoid
design was the adoption of pegged fixation. The use of pegged
components decreases peak stress on cement mantle, granting
longer duration of the fixation, and increase stability, limiting
micromotion.19,20 Peg design and macrostructure determine the
pull-out force a glenoid can resist before displacement: they in-
fluence cement flowaround pegs and cement pressurization during
implantation.21 Increased cement pressurization around pegs re-
duces the incidence of radiolucent lines.22,23 Comparisons of keeled
and pegged components led to alternating results,16,24e27 generally
favouring pegged components in radiolucency rate and survival. A
recent metanalysis28 reports no difference in clinical outcomes and
radiolucencies between the two fixation designs, but significantly
lower revision rate with the use of pegged implants.

2.2. Cementless all-polyethylene components

In the continuous effort to enhance glenoid fixation, central peg
bone-ingrowth minimally cemented components have been
developed. They attain primary fixation through cementation of
their peripheral pegs and press-fitting of their central peg. Sec-
ondary fixation is then obtained thanks to bone ingrowth into the
fins of the uncemented central peg. It was supposed that reduced
use of cement would decrease thermal damage to glenoid cancel-
lous bone, preventing radiolucent lines formation, and bone
ingrowth into the central peg would provide long term survival.
Good clinical and radiographic outcomes at short and mid-term
follow-up were obtained, with good integration of the central peg
and low rate and grade of radiolucencies.29e37 With CT scan anal-
ysis, osseous ingrowth on the central peg has been demonstrated to

increase over time, with uniformly absent radiolucent lines around
pegs.35,38 At a long-term follow-up, 97% survival was achieved, with
81% of the implants demonstrating peg osteointegration and no
radiolucent lines.39

It has been proposed to implant polyethylene components
completely without cementation. These implants rely, for primary
fixation, on press-fitting of pegs directly into bone. Biomechanical
studies clarified that the pull-out strength a peg is able to resist is
enough to provide primary fixation.40 Multiple pegs can resist
shear forces41 and, being positioned at the periphery of the implant
and in the denser subchondral bone, they could contrast the
rocking horse phenomenon.40,42,43 In the clinical setting, at a short-
term follow-up, good functional recovery was obtained; 12% of
patients showed radiological signs of loosening, but no need for
revision.44 At a mean follow-up of 8.4 years, 88% survival was
demonstrated, with 74% of progressive radiolucent lines and 71%
peg osteointegration.45

2.3. Metal-backed components

Metal-backed glenoids present some theoretical advantages:
these implants could be used with both anatomic and reverse
arthroplasties without need for replacement, making revision
easier and faster, and long-term stable fixation should be assured
by the bone ingrowth into the component coating. Clinical reports
showed functional results comparable to that of APGCs46,47;
moreover, they demonstrated reduced rate of radiolucent lines,46,47

but they have high rates of revision.46e50 At a 12-years timepoint,
Boileau et al.51 demonstrated a survival of 46%, with an important
increase in revision rate after the fourth year. Furthermore, poly-
ethylene wear was an important issue, affecting half of the exam-
ined patients.51 Finally, exchange of polyethylene without metal
back revision has proven to be a rarely befitting option.51 The
weakness of this implant design is not in the metal back itself, but
in the excess polyethylene wear. It brings biologic problems, as
wear debris causes bone resorption, mechanical problems, as bone
resorption causes loosening of the glenoid component, and clinical
problems, as loose implant causes pain and decreased motion.51

Wear of the polyethylene component is caused by a combination
of the following: reduced thickness of the modular polyethylene;
over-tensioning of soft tissues, causing increased loading on poly-
ethylene, that is due to the increased thickness of the glenoid
component, sum of metal-back and polyethylene modular com-
ponents; increased stresses at the polyethylene-metal-back-bone
interfaces, caused by the increased and mismatched stiffness of
the metal back; eccentric loading and asymmetric wear of the

Table 1
Comparison of glenoid components’ design of anatomical total shoulder arthroplasty.

Glenoid component design Strengths Weaknesses

Cemented all-polyethylene components Good long-term survivorship
High patient satisfaction

High rate of long-term radiolucent lines
Risk of radiographic loosening

Central peg bone-ingrowth all polyethylene components Excellent central peg bone ingrowth Long term results unavailable
Cementless all-polyethylene components Good central peg bone ingrowth High rate of radiolucent lines

Long term results unavailable
Standard metal-backed components Modularity

Bone ingrowth of porous-coated metal
High polyethylene wear
High rate of revision

Trabecular tantalum metal-backed components Bone ingrowth of trabecular tantalum coating
Good mid-term survivorship

Risk of metal debris

Hybrid components Monoblock design
Low rate of radiolucent lines

Long term results unavailable

Inlay components Preserved glenoid bone
Reduction of eccentric loading
Suitable for B2 and B3 glenoids

Long term results unavailable

Posteriorly-augmented components Restoration of glenoid version and joint line
Preserved glenoid bone

High rate of failure with components >10 mm
of augmentation (posterior wear > 25�)
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polyethylene surface.46e48,51,52 This led most of the surgeons to
abandon metal-backed implants. However, some authors53 ob-
tained substantially different results: at a mean follow-up of 75.4
months, they reported 22.9% of radiolucent lines and no glenoid
failure. They attributed the good results to the design of the
implanted glenoid component, that was curved-back and non-
conforming and had a thick metal-back, that decreased stress on
the polyethylene; it relied on two screws, for initial fixation, and on
an hollow peg, covered in hydroxyapatite, for long-term fixation.54

Anyway, further proof is needed to overturn common judgement
on metal backed implants.

Trying to solve the problems of modular metal-back compo-
nents, trabecular metal components were developed. In these
components, polyethylene is moulded on themetal back, creating a
monoblock design. They havemultiple theoretical advantages, such
as bone preservation, stable fixation due to osteointegration,
implant longevity and reduced operative time.55 The monoblock
design would grant diminished backside polyethylene wear, elim-
inating micromotions between modular components.55 Further-
more, the metallic portion is made of tantalum. Tantalum is a
biomaterial with structure similar to that of trabecular bone; it
shows a modulus of elasticity comparable to that of bone and a
porosity that allows osteointegration, reducing stress at the in-
terfaces.56 First generation tantalum glenoid components showed
unacceptable failure rate and their production was discontinued.57

Second generation provided more promising results: at a 3-years
follow-up good clinical results were obtained, with 77% return to
previous working activities, 47% return to sport and no revision
required.38 However, other reports showed that, at a 2 years follow-
up, 8e34% of glenoid components had radiolucent lines and
11e44% showed metal debris formation.55,58 A recent study,59 with
a minimum 5-years follow-up, compared cemented and unce-
mented tantalum components; it showed better ROM results with
uncemented components, that, on the other hand, produced more
metal debris andmore radiolucent lines. Overall, no patient needed
revision, 26% had metal debris and 46% had radiolucent lines.59

2.4. Hybrid components

In the effort to develop glenoid component that can overcome
fixation issues of cemented APGCs, hybrid prostheses were pro-
duced. In these components, fully-moulded polyethylene glenoid is
connected to a central porous-titanium cage, and porous titanium
caps all the pegs, creating a monoblock hybrid design. A compari-
son with APGC showed no clinical differences at a short-term
follow-up, with less than half the rate of radiolucent lines.60

However, this finding was not confirmed by a similar study, that
could not find any significant difference between an hybrid glenoid
and an APGC.61 Longer follow-up studies were afterwards per-
formed: at a mean follow-up of 4 years, hybrid glenoid demon-
strated better ROM, clinical and radiographic results compared to a
pegged APGC.62 At minimum five-years follow-up, Nelson et al.63

reported 42% of radiolucencies but only 2.2% of failure.

2.5. Inlay components

Inlay components are designed to be implanted flush with the
glenoid surface. Proposed advantages of inlay components are
preservation of glenoid bone stock, requiring less reaming, and
diminished edge loading, because component edges are protected
by surrounding glenoid bone.64 Biomechanical studies enforced the
theoretical superiority of inlay glenoids over onlay glenoids in
resistance to rocking horse phenomenon.65,66 Preliminary clinical
reports were obtained from patients with severe glenoid bone
deficiency and retroversion.67,68 Cvetanovich et al.64 reported

clinical results after a 3 years follow-up, showing functional
improvement with good ROM recovery, no revision surgery, no
component loosening, 85% of high patient satisfaction and return to
preoperative occupational level in 76% of cases. Egger et al.,69 after a
similar follow-up reported good functional recovery, marked
diminution of VAS score and no need for revision, despite all of the
examined patients exhibited on radiographic analysis, radiolucent
lines. At a minimum 6 years follow-up, in patients with a mean
glenoid retroversion of 18�, 28% of patients had evidence of
radiolucent lines on X-ray, but no revision was required,70 sug-
gesting suitability of this implant for replacement of retroverted
glenoids. The published results are promising, but all the reported
cohorts were small; larger groups are needed to evenly valuate the
outcomes of these implants.

2.6. Posteriorly-augmented components

Posterior glenoid wear increases the technical challenge of
implanting a TSA and increases post-operative complications.71 A
retroverted glenoid component decreases compressive gleno-
humeral forces, thus reducing joint stability.72 Rotator cuff mus-
cles, when glenoid surface is not perpendicular to their axis, create
a posteriorly directed force vector,73 causing a progressive humeral
posterior translation.74 Every degree of retroversion causes a pos-
terior displacement of the centre of rotation of 0.5 mm.75 As a
result, there is a posterior migration of the gleno-humeral contact
point, with an increased stress of the posterior glenoid and of the
posterior cement mantle, creating micromotion at the bone-
cement interface, initiating rocking horse phenomenon and pre-
disposing to glenoid component loosening.73 To obtain a stable and
long-lasting implant, it is advisable to restore native glenoid
version; to achieve this, eccentric reaming and augmented com-
ponents are the main possible choices. Both techniques showed
effectiveness,76 yet, compared to eccentric reaming, the use of an
augmented component seems advantageous, allowing to preserve
up to 70%more bone stock, with the wedged design being the most
conservative.77 Furthermore, augmented glenoid components al-
lows joint line restoration, improvement in backside bony contact78

and recovery of rotator cuff muscles length.77 Posteriorly-
augmented glenoid components demonstrated excellent recovery
of glenohumeral version.78,79 Available implants can be divided in 3
categories: full-wedged implants, when the augment is a complete
wedge from anterior to posterior, half-wedged, when the wedged
augment is positioned on the posterior half of the implant, and
stepped implants, when the augment arises perpendicularly to the
vector of the joint loading in the posterior half of the implant.80 At a
minimum 2-years follow-up of full-wedged glenoids, satisfactory
clinical results were obtained, with a 4% revision rate and a 54%
radiolucent lines.81 Interestingly, radiolucent lines were clustered
in patients with more preoperative retroversion, who needed the
thicker augments.81 Grey et al.78 reported, at a mean 4 years follow-
up, 97% of patients satisfied with their implant, 2.9% revision rate
and 36.8% incidence of radiolucent lines. Good clinical results were
demonstrated with stepped glenoids after two years follow-up,
with no revisions and 15% peg radiolucency. Worse radiographic
results were associated with incomplete retroversion correction.82

Half-wedged glenoids, at 1 year follow-up, required no surgical
revision and demonstrated excellent version correction.79 Reported
results are, overall, extremely promising, but no long-term follow-
up is available for these implants.

3. Glenoid failure

Glenoid loosening is the most common complication after TSA
and can happen through multiple mechanisms.8e10 Modes of
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failure include: failure of the component itself (distortion of the
prosthetic surface, fracture or delamination of the component,
separation of the polyethylene from the metal-back), failure of the
component seating (inadequate preparation of the bone surface,
prosthesis not fully seated on the prepared bone, loss of cement
interposed between the body of the component and the glenoid
bone surface, fracture or bone deficiency, resorption of bone at the
prepared surface), failure of initial component fixation (suboptimal
cement technique, fixation in bone of limited quantity and poor
quality), failure of bone (progression of radiolucent lines, immu-
nological response to polyethylene, osteolysis) and prosthetic
loading (conforming joint surfaces, rim loading, weight-bearing
shoulder prosthesis, glenoid component version, glenohumeral
instability, rotator cuff insufficiency).83

Glenoid bone is subject to joint reaction forces that are variable
in magnitude and direction through the articular range of motion;
their peak is at 90� of abduction, when they reach 0.89 times body
weight.84e86 The shearing component of this force at the glenoid
peaks at 60� of abduction and reaches 0.4 times body weight.84

Considering the relatively small glenoid surface, high stress is
generated at the glenoid component-bone interface.87 Whenever
compressive loads are applied eccentrically, the high joint reaction
forces generated promote the tipping of the glenoid: the so-called
rocking horse phenomenon.88 While superior edge undergoes
compressive stress, the inferior edge is subject to tensile stress.89

Tensile stress during edge loading exceeds the implant-cement
interface strength, while cement-bone interface strength can be
reached only very close to the edge.89 As a consequence, loosening
typically occurs at the implant-cement interface and starts at the
inferior edge of the glenoid, subsequently propagating superi-
orly.89,90 In keeled implants, the crack propagates at the periphery
of the fixation keel, while, in pegged implants, cracks propagate
across the bone between the tips of the pegs.89 Consistently, infe-
rior radiolucent lines tends to grow over time, while superior lines
tend not to propagate.91 Fixation stability is affected by bone
mineral density of the glenoid, with less glenoid displacement
shown in denser bone.92,93 Furthermore, the thickness of the
cement mantle may influence the mechanism of loosening: loos-
ening follow different macroscopic patterns with different mantle
thickness; with a cement mantle <2mm, cement-implant interface
is the weakest link, while with thicker cement mantles, failure
occurs at the bone-cement interface.94

Uneven loads leading to rocking horse phenomenon may be
generated by unbalanced muscle forces, caused by rotator cuff
insufficiency10,88 or by capsuloligamentous imbalance leading to
instability.95e97 Poor implantation can expose glenoid to uneven
loads, as well. This can be caused by incorrect glenoid bone
reaming,87 non-anatomical positioning of the implant,98 presence
of a posteriorly eroded glenoid71 or poor cementation technique.99

Even the humeral headmaterial plays a role in loosening: loosening
occurs at a lower rate in ceramic heads compared to metallic
heads,100 because of the reduced wear and particle formation seen
in the ceramic-polyethylene coupling,101 which, in turn, reduces
the inflammatory response and, thus, osteolysis.

The definition of loosening has been equivocal in literature,
because of its variable presentation and clinical effect. A recent
systematic review102 identified 40 definitions of loosening. It has
been defined according to clinical data, radiographic appearance,
condition of the component, their variation over time or a combi-
nation of these parameters. Not surprisingly, the most commonly
evaluated parameter in the provided definitions is the radiological
one. The presence of radiolucent lines >2 mm between glenoid
bone and glenoid prosthetic component is a common cut off to
define loosening. Radiolucent lines are reported in a variable per-
centage ranging between 13.5% and 94% in different

studies.12,14,24,25,103 Anyway, the presence of radiolucent lines has
equivocal clinical meaning, with failure rates ranging between 2%
and 10%.12,14,24,25,103

Various classifications of radiolucent lines and consequent
loosening have been proposed.25,88,104e107 The most used in liter-
ature is probably the one proposed by Mol�e et al.104 They sub-
divided the glenoid component in 6 areas: zones 1, 6 and 5were the
upper, middle and lower parts of the tray, while zones 2, 3 and 4
were the upper, middle and lower periphery of the keel. Presence of
radiolucencies was assessed in each zone and graded as: 1, less than
1 mm, 2, between 1 and 2 mm, and 3, more than 2 mm. Summing
up the score of each zone, the radiolucent line score was calculated.
A score greater than 12 is arbitrarily considered as a loosening. This
score was specifically designed for keeled components. The score
proposed by Franklin et al.88 divided keeled glenoid components in
5 classes: class 0, no lucency; class 1, lucency at the superior and/or
inferior flange only; class 2, incomplete lucency at the keel; class 3,
complete lucency of up to 2 mm around the component; class 4,
complete lucency greater than 2 mm around the component; class
5a, component translated (eg, tipped or shifted); and class 5b,
component dislocated from the bone. Based on this classification,
Lazarus et al.25 developed their classification of pegged compo-
nents: grade 0, no radiolucency; grade 1; incomplete radiolucency
around one or two pegs; grade 2, complete radiolucency (�2 mm
wide) around one peg only, with or without incomplete radiolu-
cency around one other peg; grade 3, complete radiolucency
(�2 mm wide) around two or more pegs; grade 4, complete
radiolucency (>2 mm wide) around two or more pegs; grade 5,
gross loosening.

4. Author’s preference

Glenoid replacement is the weak link in TSA. It requires expe-
rience and technical skills to minimize complications. The main
reasons for difficulty in glenoid implantation are: glenoid bone loss,
anatomical variations among individuals and lack of intraoperative
landmarks for the blade of the scapula.98 Glenoid bone loss is
related to the erosion and distorted version of arthritic shoul-
ders.108 Shape, version and dimension of the glenoid are varia-
ble.109e111 Even though the blade of the scapula helps to choose
central peg position, its direction should be presumed on the
orientation of the exposed glenoid surface.98 Biomechanical find-
ings showed that even a few degrees of glenoid malposition can
affect glenoid fixation and related clinical outcomes.98 Glenoid
exposure is, then, of paramount importance in glenoid component
placement, as it helps to correctly align and size the glenoid
component.112

Regarding the choice of the glenoid component, our experience
began with fully cemented APGC.113 We reported significant in-
crease in ROM and Constant score postoperatively, with radiolucent
lines present in 63.3% of glenoids and 6.7% of loose glenoids at 60
months follow up.113 APGCs provide the most predictable fixation
and outcomes, being available more than acceptable long-term
survivorship data.12,13 The choice between pegged and keeled
components is still debated. Recent research findings demonstrated
superior survival28 and superior fixation in low density, osteopo-
rotic bone92 of pegged components over keeled components. These
findings were not confirmed by all authors: in a large series, keeled
glenoid demonstrated superior results,16 therefore, light has not
been definitively shed on this topic. From 2011, we decided to use
central peg bone-ingrowth APGCs (Fig. 1). This design, first pro-
posed by Wirth in 2001114, is a further refinement of the pegged
APGC (Fig. 2). We obtained reasonable mid-term clinical outcomes
and satisfactory radiological results (Fig. 3): central peg bone
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ingrowth was detected on CT scan in 93% of patients, with bone in a
median of 7/10 compartments around the central peg.36 After-
wards, we participated to a multicentre study,37 comprising 1270
individuals from 11 centres: average improvement in comfort and
function achieved by these patients exceeded the published values
for the minimal clinically important difference and provided well
over 30% of the maximum possible improvement.

We are aware that glenoid preparation, reaming and appro-
priate cementation are the key points for a successful fixation.
Appropriate reaming extent and direction foster an optimal bone-
prosthesis seating and reduce eccentric loading and related risk
of loosening.87 Modern cementing techniques have been developed
with the aim to reduce radiolucent lines around the glenoid.115,116

Prior to cementation, accurate cleaning and drying of the glenoid
with pulsatile lavage is a mandatory step.117 Cement should be
prepared with vacuum devices to reduce its porosity. Syringe
pressurization of the cement followed by compression with an
instrument improve its penetration in cancellous bone and

integrity of the mantle around pegs.23

Correctly addressing glenoid retroversion is another key point in
TSA. Biconcave glenoid (Walch B2118) is extremely challenging to
treat due to asymmetric posterior glenoid wear and posterior hu-
meral head subluxation. Glenoid components implanted in retro-
version may have a higher risk of loosening71,73 and care should be
taken in choosing the implant version. Eccentric reaming has been
proposed to restore normal version, but it requires the sacrifice of
significant amount of anterior glenoid bone77: correction >15�

leads to excessive bone loss and medialization.119 Anyway, resto-
ration of neutral version is not alwaysmandatory: theorical implant
tolerance to retroversion before perforation of glenoid vault cortex
is 19.3 ± 7.7�120 and obtaining an 80% seating of the implant and
10e15� of retroversion could be enough to obtain acceptable out-
comes,121,122 so eccentric reaming could be a suitable option in B2
glenoids with <30� of retroversion. APGCs were implanted in ret-
roverted glenoid without version correction, with a concentric
reaming, obtaining acceptable results in patients with moderate
deformities.123 Another option is the use of posteriorly-augmented
APGCs, that can fill the gap left by the eroded bone and restore

Fig. 1. Glenoid replacement with central peg bone-ingrowth APGC. a. Glenoid exposure. b. Glenoid preparation. c. Implanted glenoid component.

Fig. 2. Central peg bone-ingrowth APGC.

Fig. 3. Long term radiological follow-up of central peg bone-ingrowth APGC.
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glenoid version.78,79 We have limited experience with posteriorly-
augmented APGC; we had unfavourable results with thicker aug-
ments, necessary to correct severe deformities. Priddy et al.81 re-
ported similar finding with thicker augments: they showed 100%
presence of glenoid lines, higher Lazarus score and increased risk of
reoperation. The last option to treat severe deformities is shifting
towards a RTSA. Results of RTSA in B2 glenoids were low rate of
revision, high patient satisfaction and functional improvement in-
dependent of preoperative glenoid retroversion.124e126 Because of
the inferior clinical outcomes of RTSA compared to TSA in patients
with retroverted glenoid,125 it is advisable to reserve this thera-
peutic option to older patients. Another clinical scenario where
RTSA could be useful is in case of low bone quality, markedly
reduced bone stock or presence of geodes that would not guarantee
adequate fixation for an APGC.

5. Conclusion

Despite many advancements in glenoid component engineer-
ing, glenoid loosening is still the most frequent and terrible
complication of TSA. Currently, no component provides clearly
superior results compared to the others. However, advances in
biomechanics and design led to an improvement in duration and
outcomes of glenoid components. Various glenoid components
have been produced in order to enhance fixation and reduce ra-
diolucencies and loosening, providing the surgeon with a wider
choice when performing TSA.
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Proper component positioning is a critical and challenging step in shoulder arthroplasty. Novel
computer-assisted surgical techniques have been shown to improve the accuracy and reliability of sur-
gical results. However, the long-term clinical benefits of navigated surgery are yet to be proven.
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1. Introduction

Proper component positioning is a critical and challenging step
in shoulder arthroplasty. The operating surgeon must use their
knowledge of the patients’ anatomy and orientation from bony
landmarks as reference points. Similar to a “global positioning
system” based car navigation providing visual instructions to a
driver by displaying the location of their car on a map, a computer-
assisted navigation system provides the surgeon with real-time
feedback about the instrument and component position through
a virtual scene. The ultimate aim is to improve the ability to pro-
duce accurate and reproducible results.

2. Development of navigation systems

Following the development of computed tomography (CT)
scanning and computer processing, by the 1990s image-guided
spinal pedicle screw placement1 as well as knee arthroplasty sys-
tems2 were being published. If a CT scan is ourmap, then it is logical
that novel systems are developed to provide a means to navigate
this map. Without such a system, the surgeon has to rely on their
experience to match the intraoperative findings with preoperative
imaging. The surgeonmust use their own internal compass and rely
on their knowledge of anatomy and understanding of deformity.
Jigs and guides can be used, or simply palpating and ‘eyeballing’.
Bony landmarks may be missing in deformed joints and difficult to

visualise with limited exposure. Traditional techniques rely on
surgeon experience and intuition, which takes years of experience
to develop.

The principles of navigation are for a specialised computer to
correlate cross-sectional imaging with the orientation of the pa-
tient in space. Systems involve the use of markers (which in some
cases are electronic) placed on anatomic landmarks and either
referenced to intraoperative CT or fluoroscopy-based imaging or
recognised by an optical camera. This data is computed in
conjunction with a preoperative or intraoperative CT scan to
generate a virtual model.3 The resulting feedback can be used to
guide the surgical instruments or place restraint on positioning
within a predetermined trajectory; for example, when placing
navigated pedicle screws in the field of spinal surgery, some sys-
tems physically prevent the surgeon from placing hardware outside
of the pedicle bone. Feedback is displayed on a monitor (Fig. 1).

3. benefits of Navigation in Shoulder Arthroplasty

As early as 2008, the merits of navigation in shoulder surgery
were being discussed in shoulder journals. The real-time feedback
on instrument angulation, bony geometry and calculated resection
was found to be accurate and safe with regard to the possibility of
iatrogenic fracture or neurovascular injury caused by navigation
trackers.4

Realistically, it is only possible to have one good shot at placing
the implant pegs or screws on the glenoid; thus, navigation lends
itself very nicely to shoulder arthroplasty. It allows the best part of
the glenoid vault to be harnessed for a primary fixation, thus
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reducing the chances of glenoid side failure. This was highlighted
by Parsons et al., in 2009 and DiStefano in 2011.56 In the setting of
reverse shoulder arthroplasty, fixing the baseplate with the longest
screw lengths possible within the thickest cortical regions of the
glenoid vault is critical, especially during revision surgery and cases
of poor bone stock.

Malpositioning of the glenoid component during implantation
is a risk factor for glenoid failure. Glenoid placement in total
shoulder replacement is complicated by the often poor bone stock
and as a consequence the altered anatomy of the glenoid, the lack of
reliable static anatomic landmarks and the limited exposure of the
shoulder. The proper insertion of the glenoid component is crucial
in total shoulder arthroplasty. Malalignment leads to eccentric
loading, shift of vector forces, increased contact pressure and rim-
loading, increased stress at the implant-bone or bone-cement
interface and the glenoid bone stock, and in the long-term, to an
increased rate of glenoid failure. An additional risk with posterior
and superior drilling is extraosseous screw placement causing
injury to the suprascapular nerve.7 Venne et al. found similar entry
points for screws and baseplate but greater accuracy of screw and
baseplate endpoints with navigation in a comparative study.8

4. Evidence for Navigation in Shoulder Arthroplasty

Preoperative planning using cross-sectional imaging is
commonly used and routine in some centres as it is considered best
practice. No additional radiation exposure is therefore incurred by
using navigation.9 Without intraoperative feedback however, sur-
geons are less likely to be able to consistently implement the
planned position of components.10 Intraoperative navigation was
developed using cross-sectional imaging to improve implant
positioning and therefore, hopefully improve implant survival.

Very few comparative studies are available within the published
literature. With regard to reverse shoulder arthroplasty, Verborgt el
al compared the positioning of the glenoid baseplate in 14 paired
cadaveric specimens using CT and macroscopic dissection.11 Those
specimens in the navigated group had a more accurate and precise
version than the standard instrumentation group (3.1� versus 8.7�)
with a reduced range of error (8� versus 12�). Additionally, the
navigated group had no central peg perforations or malpositioned
inferior screws. Nashikkar et al. conducted a case-control study of

27 navigated and 23 conventional reverse shoulder arthroplasty
cases.12 A longer screw purchase length was seen navigated cases
(20mmversus 15mm for anterior screws and 20mmversus 13mm
for posterior screws). There was also a reduced incidence of inad-
equate screw purchase and central cage perforation (17.7% versus

Fig. 1. An intraoperative photograph. A ¼ Navigation tracker registered to patient. B ¼
Navigation tracker registered to drill. C ¼ Monitor displaying instrument position and
three-dimensional target.

Fig. 2. Preoperative radiograph for case 1.

Fig. 3. Preoperative coronal computed tomography image for case 1.

Fig. 4. Preoperative axial computed tomography image for case 1.
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Fig. 5. aed. Preoperative planning for case 1.
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Fig. 5. (continued).

Fig. 6. a. Intraoperative image for case 1. The face of the glenoid is registered to the navigation software by the operating surgeon (feedback displayed by coloured dots).6 b.
Intraoperative image for case 1. The drill tip position and projected depth within the glenoid vault is displayed to the operating surgeon in real time.
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52.4%). In a separate study by these authors, navigated cases were
found to utilize more than twice as many augmented glenoid
components and had a greater proportion of components posi-
tioned in neutral alignment with respect to inclination and version
than the conventional group.13 The authors concluded that navi-
gation allowed a greater capacity to replicate the surgical plan than
conventional techniques.

With regard to anatomic shoulder arthroplasty, we are aware of
only one comparative study. Kircher et al. compared two rando-
mised groups of 10 patients with osteoarthritis of the shoulder with
or without navigation using the Praxim nano station system
(PraximGrenoble, France) and Arthrex Eclipse implant. The authors

found the navigated group had a longer operation time
(169.5 ± 15.2 min versus 138 ± 18.4 min in the control group).
However, improved accuracy of glenoid positioning in the trans-
verse plane was seen in the navigated patients, with postoperative
retroversion 3.7� ± 6.3� versus 10.9� ± 6.8� in the control group as
measured by CT.14

Greene et al. conducted a study of 94 sawbones models with
artificial soft tissues and compared the perceived neutral axis of the
glenoid and ability to reproduce a preoperative plan to implant a
radio-opaque PEEK implant using postoperative CT imaging.15 The
variability in the perception of the neutral axis of the glenoid
relative to preoperative planning was significantly lower in the
navigated group (±1.9� and ±1.2� for version and inclination,
respectively, versus ±5.5� and ±4.8�).

We are not aware of any published studies reporting use of
navigation in revision arthroplasty, although this technology has
clear applications in these challenging cases. This may be due to the
difficulty in conducting a comparative study due to heterogeneity
of these cases as well as the difficulty in accurately preoperatively
planning due to the metal artefact created by in-situ implants.

Fig. 7. a. Postoperative radiograph for case 1; anteroposterior view. 7 b. Postoperative
radiograph for case 1; axillary view.

Fig. 8. a. Preoperative radiograph for case 2; anteroposterior view. b. Preoperative
radiograph for case 2; axillary view.
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5. Indications

Navigation improves the accuracy of placement of the glenoid in
reverse shoulder arthroplasty. Glenoid component version, tilt, peg
position and screw placement have been proven to be more accu-
rate by several studies. Selection for use in cases of abnormal gle-
noid anatomy and bone loss, especially in the revision settingmight

avoid the need for augmenting with bone graft or patient specific
implants. Navigation has also been shown to be useful as a teaching
tool without being detrimental to the trainees’ learning curve,16 as
well as helping develop an awareness of surgical errors.17

6. Case example 1

A 76-year-old male with a biconcave glenoid, 17� retroverted
and 5� inferior inclined. Preoperative imaging can be seen in
Figs. 2e4. The navigation system ‘GPS’ (Exactech, Gainesville, FL),
was used. By reaming the glenoid by 2 mm from the anterior cortex
and using a posteriorly augmented baseplate, were able to correct
the retroversion from 17� to 5� and the inferior inclination was
accepted, as seen in the planning stages (Fig. 5) and intraoperative
stages (Fig. 6). The postoperative radiographs are seen in Fig. 7.

7. Case example 2

A 69-year-old female with an anatomic shoulder arthroplasty in
situ with prosthetic joint infection and failed subscapularis tendon
evidenced by anterior subluxation of the humeral component on
the glenoid (Fig. 8). This was treated initially with removal of the
implant, washout, cement spacer implantation and a course of
antibiotics (Fig. 9). Following eradication of infection, a CT scan
revealed a severe combined defect as per the Antuna classification
(Fig. 10).18 3D planning using the Exactech software revealed severe
bone loss and glenoid medialisation requiring an extended glenoid
cage and bone graft (Fig. 11, Fig. 12). Intraoperative navigation
allowed calculation of the bone graft size and appropriate lateral
positioning of the baseplate as well as permitting screw placement
within the best native glenoid bone. This facilitated good screw
hold and stable baseplate implantation. Postoperative functional
range of movement was excellent in this complex case. Radio-
graphs can be seen in Fig. 13.

Fig. 9. Preoperative radiograph for case 2; cement spacer.

Fig. 10. Preoperative axial computed tomography image for case 2; cement spacer.
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8. Limitations

Despite the appeal of improved component positioning, there
are some disadvantages to using navigation. Operating time has
been shown to be longer,14 however, a recent study by Wang et al.
found the learning curve flattened rapidly, with similar times with
and without navigation after 8 procedures in a single surgeon se-
ries.19 The navigation system relies on accurately registered
anatomic landmarks, therefore if a tracking device is malposi-
tioned, malregistered or becomes loosened then there is a risk of
the surgeon being displayed incorrect data. There is therefore a
learning curve and the surgeon must compare the feedback being
displayed by the technology to their own internal compass just as
one can be led astray by satellite navigation when driving if
attention is not paid to the surroundings.

9. Navigation versus patient specific instrumentation

An alternative solution to improve component positioning both
in anatomic and reverse total shoulder arthroplasty is the use of
patient-specific instrumentation (PSI). This technique involves the
production of bespoke guides based on preoperative CT imaging. A
three-dimensional model of the patient’s glenoid is created and the
corresponding guides are then placed on the bone surface during
the surgical procedure to position the central guide pin for drilling
and reaming. Depending on the implant system, the length and
orientation of screws may also be guided. These systems do how-
ever have pitfalls; the guides must be placed accurately on the bony
surface with adequate soft tissue clearance so that they sit on the
glenoid in the exact same orientation as planned. Additionally, if
the patient anatomy changes since the time of the preoperative CT
scan; for example, due to worsening of the destructive arthritic
change during the time taken to template, manufacture and acquire
the custom device, the guides may not fit and therefore may
mislead the surgeon. Although more simplistic than navigation in
its implementation during the surgical procedure therefore, vigi-
lance is essential to confirm the suggested positioning is consistent
with the preoperative plan.

PSI has been shown to aid the accurate placement of glenoid
components for both anatomic and reverse shoulder arthroplasty
in non-comparative studies.20e22 Improved accuracy was reported
in randomised studies by Throckmorton et al.23 (5� deviation from
the intended position with PSI versus 8� with standard instru-
mentation) and Hendel et al. (4.3� deviation from the intended
position with PSI versus 6.9� with standard instrumentation).24 PSI
also comes at increased cost and complexity, although no studies
have quantified this.

A recent meta analysis of navigation and PSI by Burns et al., in
2019 showed no superiority of one technique over the other.25

10. The future

Navigation in shoulder arthroplasty may not be commonplace;
however, it has been available for over a decade. Navigation is even
being developed for use in the placement of suture anchors for
rotator cuff repair.26 The technology is evolving and novel

Fig. 11. Preoperative planning for case 2; extended cage þ10 mm displayed.

Fig. 12. Intraoperative photograph for case 2; glenoid implant with bone graft.
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implementations in the future include augmented reality headsets
to replace computer monitors.27 Use as a teaching tool is another
application.

11. Summary

The long-term clinical benefits of navigated surgery are yet to be
proven; however, the proven benefits of accuracy and precision are
appealing. The operating surgeon must balance potential clinical
benefit against the possible increased operating time and need for
additional resources.
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Over the last 50 years,arthroplasties of the lower limb are
widely accepted, and in contrast upper limb arthroplasties have
gained popularity relatively recently. Elbow arthroplasty is a field
which has been in development since quite some time. Historically,
as early as the sixteenth century, Ambroise Pare had performed the
first surgery to salvage the elbow and avoid amputation of the limb,
by excising the humeral and ulnar ends of an infected elbow joint.1

Dating back to the 1780’s, H. Park from Liverpool and P.F.Moreau
from France had begun successful excision of diseased joints,
particularly the knee and elbow, paving the way for resection
arthroplasty of elbow.

Till about 1930’s, resections, interposition arthroplasties,
arthrodesis and excisions, formed the main stay of treatment for
various elbow pathologies. Resection arthroplasty resulted in a pain
free elbow but the resulting instability led to a decrease in overall
limb function. Sir Defontaine introduced interposition arthroplasty
of the elbow in 1887. Interposition arthroplasty of elbow involves
interposition of fat, fascia, tendoachilles or skin between the
articulation surfaces, with or without elbow distraction. Interpo-
sition arthroplasty showed good outcomes in the subset of cases
with secondary post traumatic arthritis. Stiffness and ankylosis
limited the long term functional results of interposition arthro-
plasty in many cases.2 Interposition Arthroplasty has the advantage
of bone conservation and conversion to total elbow arthroplasty at
a later stage if required.3 Arthrodesis completes the list of pre
replacement-era options, but is not favored currently due to lack of
robust fixations options, high rate of non unions and poor func-
tional utility of the fused elbow with a few exceptions.

Robineau’s attempt in 1925 is the first documented attempt to
replace an elbow joint with prosthetic materials. His anatomical

design utilized metal and vulcanized rubber. In 1941, Boerema used
a metal hinged non-anatomical prosthesis.1,4

In the early attempts at elbow arthroplasty, the prosthesis were
fixed by tantalum wires and vitalium screws. It was only in the
1940’s, that an impetus was found in the development of elbow
arthroplasty. Two methods of elbow replacements were beginning
to develop. Hemi replacement arthroplasty and total elbow
replacement. Hemi arthroplasty of the elbow was introduced by
Mellen and Phalen in 1947. They used custom acrylic implants at a
US Army hospital for young active duty soldiers with complex
intra-articular fractures of the distal humerus.5 An advantage of
hemiarthroplasty, as reviewed by Dunn et al. was a far lower rate of
loosening of the components. In total elbow arthroplasty, loosening
occurred almost equally in the humeral and ulnar components,but
only two of the 134 hemiarthroplasty cases reviewed showed
loosening. In addition, ulnar bone stock is preserved making distal
humeral replacement a more suitable choice in younger patients
with unreconstructable distal humerus fractures.6 The background
for the modern era of total elbow arthroplasty was ushered by the
American surgeon, R. Dee, in 1972 and was based on the ‘con-
strained’ design concept, which provided the best inherent stability
by virtue of its rigid hinge, but this was associated with the highest
reported rates of loosening, especially in conditions when the soft
tissues were deficient. Around the same time in 1972, an unlinked
elbow prosthesis, the Kudo was also introduced, where there was
no linkage between the humeral and the ulnar components, but
that also had a very high rate of humeral loosening and had to be
redesigned to include a humeral stem.24 Implants which utilize this
design are the Capitellocondylar, Kudo (1e5 series), Instrumented
Bone Preserving Design (iBP) and Souter-Strathclyde.15 Which
incorporated an unlinked concept along with a relatively con-
strained design. This design has been widely implanted and fol-
lowed up as per the review of literature performed byWelsink et al.
However due to its shorter survival rates and high incidences of
humeral component loosening, probably attributed to the short
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humeral stems in this design, it has been discontinued.16

The most widely studied linked elbow was first introduced in
the year 1973, as the Coonrad Type I total elbow. (Zimmer, Warsaw,
IN). This design had high density polyethylene bushings and a
limited coronal laxity of 2e3�. A modification of this design was
introduced in 1978, the Coonrad Type II. This design had an increase
in the coronal laxity to 7�, with the aim to help reduce aseptic
loosening. The Coonrad- Morrey Type III elbow was introduced in
1981, with the addition of an anterior flange with associated bone
graft and porous coating of the components. This design modifi-
cation helped in better anchoring of the humeral component and
allowed easy restoration of the axis of rotation, even in the absence
of humeral epicondyles or distal humeral bone stock.12 13 14

Convertible prosthesis have also been developed where an un-
linked prosthesis to begin with but can be converted into a linked
prosthesis, intraoperatively or during revision surgery. (E.g. LATI-
TUDE, ACCLAIM, KeNOW total elbow system).

Meanwhile, in India, a noteworthy development in elbow
arthroplasty took place with the development of a “sloppy hinge
“type of implant popularly known as Baksi’s sloppy hinge elbow
arthroplasty, after the name of the inventor Dr. DP Baksi. The
original prosthesis was designed and put in clinical use in 1977 as a
rigid hinge metal on metal articulation, and later modified in 1983
to a sloppy hinge allowing 7e10 deg of varus evalgus laxity at the
hinge section to better replicate the normal kinemetics of the
elbow. This was believed to in turn reduce the metal dust liberation
and prevent loosening at cement bone interface. This implant was
further modified nearly 20 years later to incorporate 2 flanges on
either side of the shank of the humeral stem to improve rotational
stability. Published results of this prosthesis by the originator of the
early design implant suggested at 2.5 years to 16 year follow up,
(average 11.5 years) a12.5% radiolucency in post traumatic anky-
losed elbows and 18.75% incidence of radioluscency in unstable
elbows and a loosening rate between 3.4 and 6.25% in a predomi-
nantly younger population, with a myriad indications. Results were
generally considered good with a potential of easy revision if
needed.18e20

In recent years, the senior author (PS) has had occasions to
revise this prosthesis at medium term due to severe aseptic loos-
ening and osteolysis with presentation of pain, loss of function and
pathological fracture. At revision, severe metallosis and cata-
strophic long segment bone necrosis have been found, which need
revision to a tumour type prosthesis (Figs. 1e3)or removal of the
implant and an excisional arthroplasty.

The long term success and survival of any arthroplasty depends

on its ability to successfully transfer the load to its surrounding soft
tissues. This has been largely successful in hip and knee Arthro-
plasty with 96% survival at 10 years; in contrast to 79% in case of
total elbow Arthroplasty.23 Biomechanically, the native elbow is a
very complex joint with an intricate balance between the bony
articulations and ligaments to provide stable motion. There are two
main prosthetic designs of a total elbow: unlinked, where there is
no mechanical connection between the ulnar and the humeral
component, and linked, where the ulnar and humeral components
have a captured articulation.24 Most linked implants are considered
semi constrained, however unlinked total elbow arthroplasty (TEA)
is not synonymous with “unconstrained”, as highly conforming
designs can be unlinked, yet constrained. Both have distinct ad-
vantages and disadvantages. Early implants failed due to high de-
gree of constraint and rigidity which caused high degrees of force
transfer to the implant bone interface leading to loosening, fracture
of the stem or bone and broken hinges.

The unlinked TEA has the theoretical advantages based on its
near normal elbow kinematics and preservation of bone stock, with
the ultimate goal of transferring the stress to the surrounding soft
tissue. Unfortunately, the use of unlinked TEA is limited to situa-
tions with minimal bone loss, limited deformity and well func-
tioning ligaments, as post operative instability is a major concern in
unlinked prosthesis.

The linked TEA are considered semi constrained as they allow
some degree of varus valgus motion to occur. The biomechanics of
the native elbow, is not a pure hinge. It allows for about 7� of varus
and valgus motion in the coronal plane and also some rotational
movement. The semi-constrained or linked elbow design in-
corporates a sloppy hinge to allow for the additional degrees of
freedom at the hinge articulation. The “sloppy hinge” allows the
soft tissues to partially absorb the external stresses that would
normally be concentrated at the bone prosthetic interface. The
implants are coupled together with pins or snap-fit polyethylene
bushings to provide some inherent stability. This stability, in turn,
allows these implants to be used for a wide variety of situations
requiring an arthroplasty. They have gained popularity in the past
decade as the use of TEA has increased in trauma and its sequelae as
the link provides immediate post op stability. Most designs have an
anterior flange on the humeral component to resist torsional forces
and aid in force transfer as well. However the force transmission in
linked TEA is non anatomic with significant stress shielding of the
humeral condyles and olecranon and stress concentration at the
shafts of the humerus and ulna. This may be accentuated by
collateral ligament deficiency by disease or design and radial head

Total elbow Arthroplasty, distinctive types of designs, a historic perspective

Year Inventor Design characteristics

1954 Prevo Screwed attachments
1970 Stevens Slide on self locking resurfacing arthroplasty
1974 Schlein Smooth cemented stems
1974 Dee Smooth cemented stems
1975 Roper Cemented humeral component
1976 Pritchard Smooth cemented stems
1978 Harmon Radiocapitellar joint used as two rings
1981 Amis Screw fixation for ulnar components
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excision. Condylar bone resorption has been seen over time in
linked TEA. This leads to a creation of a longer moment arm be-
tween the hinge and the point of load transfer, and the likelihood of
failure increases with longer moment arms due to hinge dissocia-
tion, breakage and stem fatigue. This also leads to more difficult
revisions as longer stems are required.23

The current rate of loosening of both unlinked and linked TEA is
pegged at about 5%, with higher radiological loosening in linked
TEA. Bushing wear and disassociation are unique complications of
the linked TEA.22,23

1. Conclusion

The total elbow Arthroplasty is a complex surgical procedure,
which in trained hands can give excellent clinical outcome in well
indicated situations. The overall complication rate has dropped
from 49% in 1993 to about 25% in 2009, which is still significant.22,23

Post elbow replacement lifestyle modifications are amust to ensure
optimum longevity of the implant. Patients are advised never to lift
10 pounds or more. Repeated lifting of weights of 2 pounds or more
is also discouraged.11,12 It is imperative to choose the implant and
patient wisely to optimize the results of Total Elbow arthroplasty.

Fig. 1. A 65 year old lady who had a baksi sloppy hinge prosthesis implanted for a sequelae of trauma presented 8 years later with a pathological fracture.
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a b s t r a c t

Total elbow arthroplasty is a challenging procedure with complications and revision rates higher than
those after hip or knee arthroplasty. With the overall numbers for Elbow arthroplasty being significantly
smaller as compared to lower limb arthroplasty there are limited opportunities for training and accu-
mulating significant clinical experience.

In this paper we have highlighted the technical challenges of Elbow arthroplasty in different clinical
scenarios, along with tips to address these challenges to ensure satisfactory outcomes.
© 2021 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.

1. Introduction

Use of Total Elbow Arthroplasty (TEA) is on the rise.1 Rheuma-
toid arthritis, Trauma (acute trauma and trauma sequalae) and
Osteoarthritis account for over 95% of all elbow replacements.2 It
improves elbow function in all indications with significant
improvement in mean Mayo Elbow Performance Score.3 However
long term survivorship remains a concern with data from Austra-
lian joint registry showing implant survival rate of 81% at 9 years.4

The associated complication rates too are high, with 19.1% for
linked TEAs and 26.5% for unlinked TEA’s.5

While TEA is a versatile procedure that can be performed in both
elective and trauma situations, limitations with weight bearing
capability of the implant precludes extensive use of this implant.
Other issues like narrow medullary canals, osteoporotic bone,
extensor mechanism reconstruction add to the technical challenge.

While advances in the design andmaterials continue to improve
the success of the implant, awareness of the potential problems and
knowledge of the ways to overcome these could improve the
outcome of the operation. We look at such technical considerations
in TEA with case examples. We also discuss a case of elbow hemi-
arthroplasty in managing elbow trauma.

2. Case studies

2.1. Rheumatoid arthritis with ipsilateral reverse shoulder
replacement in situ

2.1.1. Case details
Fifty eight year old, known rheumatoid arthritis patient pre-

sented with pain and stiffness of her left elbow (Fig. 1). Elbow
flexion was from 30 to 100�. Both protonation and supination were
also painful and restricted. She had left reverse shoulder replace-
ment in situ on the same side (Fig. 2). Her medication included
Sulfasalazine and Hydroxychloroquine.

2.1.2. Potential problems

� Management of DMARDs and Biologic medication in the peri-
operative period.

� Presence of reverse shoulder replacement on the same side
interfering with elbow humeral component.

2.1.3. Technical considerations

� Nonbiologic disease-modifying antirheumatic drugs may be
continued throughout the perioperative period. Biologic medi-
cations should be withheld as close to 1 dosing cycle as sched-
uling permits prior to elective surgery. They can be restarted
after evidence of wound healing, typically 14 days after surgery.6
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� In patients needing ipsilateral (stemmed) shoulder and elbow
replacement stress riser in the humerus can be a potential
problem.7

� Preoperative planning should include measurement of the
length of humerus distal to humeral component. Check the
length of humeral component in the elbow replacement system
that is being used. Too long prevents implantation of the pros-
thesis or lowers the joint level. Too short could potentially cause
stress riser between the two humeral stems. Cement column is
recommended to bridge both the humeral components.8

� In our case there was 14 cm of humerus distal to prosthesis
(11 cm distal to humeral component cement). A 4-inch (approx
10 cm) length humeral component (Zimmer® Coonrad/Morrey
Total Elbow) was used. Bone cement columnwas used to bridge
a short segment between the two humeral stems to prevent this
stress riser effect (Fig. 3).

2.2. TEA with intraoperative fracture

2.2.1. Case details
Seventy three year old man presented with pain and stiffness of

his left elbow. He previously had undergone left wrist arthrodesis

and right total wrist replacement. His left elbow flexion was from
about 30 to 90�. Supination and protonation were restricted. Ra-
diographs confirmed Osteoarthritis of the elbow (Fig. 4). During the
total elbow arthroplasty procedure there was an intraoperative
fracture of lateral condyle of the humerus.

2.2.2. Potential problems

� Intraoperative fractures

2.2.3. Technical considerations

� The patient underwent semiconstrained Coonrad Morrey total
elbow replacement. Intraoperative fracture of lateral condyle of
humerus was fixed with cancellous screws (Fig. 5).

� The risk of intraoperative fractures in a study of 35 elbow re-
placements was 6%. Intraoperative condyle fractures were fixed
with screws. Fractures united and the outcome of TEA was good
to excellent.9

Fig. 1. Anteroposterior and lateral view of left elbow showing reduced joint space in patient with rheumatoid arthritis.

Fig. 2. Anteroposterior view of shoulder showing ipsilateral cemented, stemmed
reverse shoulder replacement.

Fig. 3. Anteroposterior view of left elbow in the same patient showing cement column
bridging the humeral components of the two joint replacements.

S.R. Challagundla, S. Barker and K. Kumar Journal of Arthroscopy and Joint Surgery 8 (2021) 49e56

50



� Sloppy hinge prosthesis with anterior flange has been associ-
ated with reduction in the incidence of radiological lucencies
and secure fixation even in the presence of bone loss.10

� Preservation of the condyles helps judge rotation and alignment
and preserves bone stock for revision.

2.3. TEA for fracture distal humerus in elderly

2.3.1. Case details
Eighty five year old man presented after a trivial fall on to his

elbow. He was fully independent and living at home. He was on
Apixaban for atrial fibrillation and Bisoprolol for hypertension. His
American Society of Anesthesiologists (ASA) score was 2. Radio-
graphs showed comminuted intraarticular distal humerus fracture
(Fig. 6).

2.3.2. Potential problems

� Challenges of fixation e Comminution and poor bone stock.
Locking compression plates and precontoured anatomical distal
humeral plates have been shown to overcome these problems to
certain extent.11,12

� Challenges in performing total elbow arthroplasty due to loss of
bony landmarks.

2.3.3. Technical considerations

� 25% of cases allocated for open reduction and internal fixation
were not amenable to fixation in a Randomised Control Trial of
open reduction and internal fixation versus total elbow arthro-
plasty for displaced intraarticular distal humeral fractures in
elderly patients.13 If considering fixation, systems (equipment
and skills) should be in place for on table conversion to total
elbow arthroplasty when required.

� In the absence of distal humerus in more complex fractures,
orientation can be difficult and malrotation of components can
lead to edge loading.14 Humeral component should be placed in
15� internal rotation to the posterior surface of distal humerus.15

Ulnar component should be placed perpendicular to the flat
subcutaneous surface of the olecranon.16 With Triceps-On
approach there is a tendency to place ulnar component in a
flexed position.17

� In this case, the less comminuted medial condyle was recon-
structed (Fig. 7) for assessment of length, rotation and align-
ment of humeral component.

Fig. 4. Anteroposterior and lateral view of left elbow with osteoarthritis.

Fig. 5. Anteroposterior and lateral view of left elbow replacement showing intraoperative fracture fixed with cancellous screws.
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2.4. TEA for non union of olecranon fracture in transolecranon
fracture dislocation

2.4.1. Case details
Sixty eight year old lady was treated more than 20 years ago for

trans-olecranon fracture dislocation of the elbow with tension
band wiring of Olecranon fracture and radial head excision. The
metalwork was subsequently removed. Olecranon fracture failed to
unite and she developed post traumatic arthritis of the elbow
(Fig. 8).

2.4.2. Potential problems

� Non union of olecranon fracture.
� Potential triceps insufficiency after TEA.

2.4.3. Technical considerations

� A long ulnar component was used to bridge the fracture non
union site with good distal fixation (Fig. 9).

� Olecranon non-union and thereby the triceps function recon-
structed with FiberTape® in a tension band wiring construct. No
metalwork was used due to potential loosening (Tension band
wiringwith Kwires) or screw interferencewith ulna component
(plate fixation).

2.5. Infected TEA

2.5.1. Case details

� Sixty year old man had undergone left TEA 7 years prior to
presentation for Rheumatoid arthritis in his elbow. 3 months
post index uncemented TEA, elbow had to be revised to a
cemented TEA due to pain from pistoning and movement of the
prosthesis. He presented with increasing pain and stiffness from
his left elbow for over a year. There were no overt signs of
infection since his primary procedure. At presentationwhite cell
count and neutrophil count were within normal limits. C-reac-
tive protein was raised at 58 mg/L. Radiographs showed signif-
icant osteolysis, cortical thinning and expansion of the humerus
at the tip of the prosthesis (Fig. 10).

Fig. 6. Anteroposterior and lateral view of left elbow with intraarticular fracture of distal humerus.

Fig. 7. Anteroposterior and lateral view of left elbow replacement with internal fixation of medial condyle of distal humerus.
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2.5.2. Potential problems

� Infection despite no clinical or haematological evidence
� Cement proximal to implant in humerus
� Well fixed ulnar component
� Difficulties in implant removal with risk of periprosthetic
fracture

2.5.3. Technical considerations

� Diagnosis: Diagnosis of Prosthetic Joint infection (PJI) is usually
made based on a combination of clinical, radiographic and
intraoperative findings alongside blood results and

microbiological cultures. It can sometimes be difficult, as low-
grade infections may present with non-specific and vague
symptoms such as pain and stiffness. Our patient presented
with pain and stiffness but had significant radiological changes.
Musculoskeletal Infection Society (MSIS) have published a
criteria for diagnosing PJI.18

� Single stage vs two stage revision: One-stage revision may be
potentially as clinically effective as two-stage revision, but due
to lack of sufficient evidence in the literature British Shoulder
and Elbow Society recommends two stage revision.19,20 Our
patient underwent two-stage revision.

� Intraoperative sampling: Five separate tissue samples for cul-
ture and two further samples for histology are the minimum

Fig. 8. Anteroposterior and lateral view of right elbow showing arthritis with non union of olecranon fracture and previous radial head excision.

Fig. 9. Anteroposterior and lateral view of right elbow showing TEA with fixation of olecranon nonunion with Fibretape.
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recommended.20 Brevibacillus species and Staphylococcus epi-
dermidis were isolated on enrichment culture in our patient.

� Cemented component retrieval techniques and instruments:
While general techniques described in lower limb revision
surgery are still applicable in and around the elbow, knowledge
of specific techniques like humeral window helps to minimise
the risk of periprosthetic fractures.21,22 Intraoperative fracture of
the humerus occurred during stage 1 procedure (Fig. 11).

� Bone loss management: Bypassing the area of bone deficiency
by a longer stem, impaction allografting, allograft-prosthesis

composite and cortical strut allograft techniques have been
described to manage bone deficiency.23e26 We used an allograft
prosthesis composite along with internal fixation of the peri-
prosthetic fracture with a locking plate (Fig. 12).

2.6. Elbow hemiarthroplasty

2.6.1. Case details
Sixty five year old active woman presented with postero-lateral

fracture dislocation of the right elbow. Radiographs and CT scan

Fig. 10. Anteroposterior and lateral view of left TEA with osteolysis around humeral component, thinning of cortices and expansion of the humerus.

Fig. 11. Anteroposterior and lateral views of left elbow with cement spacer and absorbable calcium sulfate antibiotic carrier in situ with periprosthetic fracture of left humerus.
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showed a complex comminuted intra-articular fracture of the distal
humerus mainly involving the capitellum but extending into
trochlea (Fig. 13). There was no evidence of arthritis either clinically
or radiologically, prior to injury.

2.6.2. Potential problems

� Young age, no pre-existing arthritis, limited weight bearing
capability with TEA.

Fig. 12. Anteroposterior and lateral views of left elbow post second stage revision replacement.

Fig. 13. Anteroposterior and lateral view of right elbow showing fracture dislocation.

Fig. 14. Anteroposterior and lateral view of right elbow with elbow hemiarthroplasty in situ and stabilisation of lateral condyle.
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2.6.3. Technical considerations

� Elbow hemiarthroplasty acts like an unlinked prosthesis.
Implant should be placed such that it replicates the native
flexioneextension axis of the elbow.27 Restoration of the
collateral ligaments to the flexioneextension axis of the implant
and support from condyles are essential for function and
stability.

� Lateral columnwas stabilised with partially threaded cancellous
screw and a locking plate (Fig. 14).

� The Lateral ulnar collateral ligament was repaired.
� The intact medial column was used to assess length, alignment
and rotation.

3. Conclusion

Total elbow arthroplasty though a challenging procedure, when
performed for the right indication in the right patient has been
shown to be an effective treatment option. There are specific
technical challenges for the common indications, and these need
appropriate preoperative planning, and intraoperative strategies to
prevent or manage complications.
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a b s t r a c t

Introduction: The vast Indian population represents a potential case load of rotator cuff (RC) tears in the
millions and repair options include both open and arthroscopic techniques. Indian shoulders are
different from Western shoulders both in terms of morphology and functional demand. Despite this, the
uptake of shoulder surgery in India has been extremely slow, due to various factors.
Aims/objective: The purpose of this review is to better understand functional outcomes of rotator cuff
repair (RCR) in the Indian population. This will help Indian surgeons to discuss outcomes with their
patients in an evidence based manner and provide for cross study comparisons of new data.
Methods: A search of online databases (Cochrane, Embase, Medline and Google Scholar) was performed
for the period of January 2001eMarch 2020. Specific inclusion and exclusion criteria were adopted for
the purposes of systematic review according to PRISMA guidelines. The primary outcome was assess-
ment of functional outcome using validated instruments (such as UCLA score, ASES score etc.).
Results: A total of fourteen studies representing a pooled patient population set of 785 patients were
included in this review. Of the fourteen studies included in this review, a total of three studies evaluated
functional outcomes after mini-open repair whereas eleven studies evaluated outcomes after arthro-
scopic rotator cuff repair (ARCR). The pooled mean outcome measured showed significant improvement
(pre-operative vs post-operative; average follow-up); C&M score (29 (þ/- 17) vs 85 (þ/- 5); 12 months),
UCLA (11 (þ/- 5) vs 31 (þ/- 1); 26 months), ASES (25 (þ/- 5) vs 84 (þ/- 4); 12 months), and VAS (8 (þ/- 1)
vs 1.0; 22 months).
Conclusion: Overall the studies included in this systematic review show a significant improvement in
functional outcomes. Both mini-open and arthroscopic repair offer favourable outcomes for RCR in the
Indian population, and there appears to be no difference in outcome measures between single and
double row repairs. Most of the studies included in this systematic review offer weak evidence and are
underpowered, hence further studies with more patients and better design are needed to validate these
findings.
Level of Evidence: Systematic review Level III.

© 2020 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of International Society for
Knowledge for Surgeons on Arthroscopy and Arthroplasty.

1. Introduction

India, with its 1.3 billion population, represents a potential
caseload of rotator cuff (RC) tears in the millions. Globally there is a

RC tear prevalence of approximately 40% in asymptomatic in-
dividuals which increases to about 65% in symptomatic in-
dividuals.1 Surgical repair of RC tears is a cost-effective solution for
all populations and reduces the social burden of the disease.2 Sur-
gical techniques have evolved from open to arthroscopic rotator
cuff repairs (ARCR),3 with ARCR numbers showing a 600% increase
in the United States over the last decade,4 however the country
specific data for the Indian surgeon community is lacking.

Despite the potential high caseload of RC tears in India and the
perceived increasing number of arthroscopies being performed in
the country, various challenges specific to the Indian setting inhibit

Abbreviations: ARCR, arthroscopic rotator cuff repair; ASES, American Shoulder
and Elbow Society; C&M, Constant & Murley; OSS, Oxford Shoulder Score; RC, ro-
tator cuff; RCR, rotator cuff repair; UCLA, University of California Los Angeles.
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the rapid uptake of ARCR. These include infrastructure issues (lack
of capital arthroscopy equipment in most hospitals and lack of
maintenance chains), training issues (lack of adequate shoulder
training in most government and private colleges in India, lack of
shoulder fellowship/training opportunities in-land and lack of
shoulder specific faculty), and patient issues (lack of acceptance for
shoulder procedures, societal stigma of shoulder surgeries due to
infrequency and suggested varied outcomes, and lack of patient
education with regards to shoulder pathology).

From an anatomical point of view, Indian shoulders are different
to Western shoulders. Glenoid and humeral head dimensions of
Indian patients, especially females, tend to be smaller thanWestern
counterparts.5e7 With a reduced head size, the biological footprint
of the rotator cuff should also be reduced; however, there is a
paucity of literature on Indian cuff morphology. The potential of the
reduced head dimensions and possible reduction in cuff di-
mensions on the type of repair should be explored in future studies.

The purpose of this systematic review is to review is to sum-
marize the available Indian data on RC repairs (RCR) and to provide
insights for functional outcome measures specific to the Indian
population. This will provide validated outcome data that Indian
surgeons can use for shared decision making with patients, provide
reference data for future studies in the field and address the general
conceptions/misconceptions about shoulder surgery amongst In-
dian orthopaedic surgeons.

2. Method

2.1. Criteria for considering studies for this review

A scoping search was initially undertaken in March 2020 to
inform the definition used in the final search strategy and corre-
sponding inclusion criteria, which was then used to search for and
identify relevant studies. The finalised criteria applied to address
the research questionwere as follows: “rotator cuff repair” AND/OR
“India” AND/OR “Indian” AND/OR “arthroscopic rotator cuff” AND/
OR “mini-open rotator cuff” AND/OR “cuff repair”. Various syno-
nyms of the above terms were used during the scoping searches.

2.2. Types of participants

Studies evaluating Indian adults (18 years and above of age) who
underwent surgical repair of rotator cuff tears were included. No
restrictions were applied to comorbidities, type of tear, tendon
involvement, or based on whether the tear is a first occurrence or a
retear. Studies in which there was a mixed population set including
patients undergoing RCR were also included.

2.3. Types of interventions

All studies where at least one treatment arm included cuff repair
were included. Studies had either a single intervention group or
two or more intervention groups. There was no restriction with
regards to any comparison arm (physiotherapy, medications etc).
There was no restriction with regard to any technique of RCR
eopen, mini-open and ARCR were all included. There was no
exclusion based on the type of ARCR done (ie. Single row versus
double row). There was no restriction on the grade or experience of
the surgeon completing the surgery.

Studies reporting on non-relevant interventions only, such as
drug therapy or physiotherapy, were excluded; however if these
interventions represent a comparator arm they were included. This
means that studies which only assessed medications or physio-
therapy for the treatment of RC tears were excluded, however any
study that compared these treatment to RCR surgery was included.

2.4. Types of outcome measures

The primary outcomes of interest included, but were limited to
shoulder-specific function scores measured using a validated scale
such as Oxford Shoulder Score (OSS), American Shoulder and Elbow
Surgeon Score (ASES). Disabilities of Arm Shoulder and Hand
(DASH) questionnaire, Constant and Murley Score (C&M) and
University of California at Los Angeles scale (UCLA). The afore-
mentioned scores are the only scores that were included as vali-
dated outcome measures in the review. Secondary outcomes
included pain, retear rate, revision rate, complications and patient
satisfaction were included if mentioned in the respective studies.

2.5. Types of studies

This review planned to consider only randomized controlled
trials. However, due to the lack of studies in this category for the
Indian population, the scoping search was expanded to all studies
regardless of level of evidence. These included non-randomized
studies (comparative and single intervention groups) involving
greater than 5 patients. No language restrictions were applied and
methods of translation were to be explored for any non-English
included studies that were identified.

In vitro and animal studies were excluded in addition to review
articles, editorials and single case studies. Initial scoping results did
not identify any economic or cost evaluation studies relating to RCR
in the Indian population and therefore were not included in this
review.

2.6. Search methods for the identification of studies

A search strategy was developed in Embase and was adapted for
other electronic databases. The searches were conducted between
the dates of January 2001 to March 2020, representing 20 years of
knowledge. The following electronic databases were searched via
the OVID and Cochrane Library platforms using the predefined
search strategy:

(i) The Cochrane Library
(ii) Ovid Medline, 1946 to present
(iii) Ovid Embase, 1980 to present
(iv) Google Scholar, 2001 to present

Reference lists of available studies and any reviews were scan-
ned in addition to identify further studies.

2.7. Selection of studies

Two lead researchers (MA and SS) screened all titles and ab-
stracts identified from the search strategy independently. Full re-
ports were obtained if the initial screening indicated that the
identified studies were potentially relevant. Full reports that meet
the inclusion criteriawere to be included in this review. Reasons for
exclusion were recorded at each stage and detailed in a PRISMA
flow diagram (Fig. 1). A third independent reviewer (AKS) was kept
on standby to resolve any disputes between the primary two re-
viewers if they were to occur. The search methodology and study
selection was conducted in accordance with PRISMA guidelines.

2.8. Data extraction, management and evidence synthesis

A standard data extraction table was used to extract all relevant
data from studies including study design, patient population and
functional outcomes.

Due to the paucity of available studies, a standard meta-analysis
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was not possible; hence, the methods and results of this review
were written in a qualitative manner. A narrative summary of the
evidence was produced and where appropriate tables reported the
study design, patient population, and functional outcomes of
included papers. An overall pooled comparison was undertaken.

2.9. Pooled data comparison

As many studies used common functional outcome measures, it
was possible to do a pooled analysis of average means across
studies using the following formula:

Pooledmeans and standard deviations were generatedwith 95%
confidence intervals and Mann-Whitney Test was done to compare
grouped data. Further, pre and post-operative means were pre-
sented as grouped data and compared using Wilcoxon signed rank
test with SPSS version 16 software. A definition of statistical sig-
nificance was used with a p-value less than 0.05.

3. Results

3.1. General data

A total of fourteen studies (Tables 1 and 2) were included in this
review representing a pooled population of 785 patients e three
mini-open studies and eleven ARCR studies. Two of these latter
studies compared single row to double row repairs. Most studies
used UCLA, Constant and ASES scores for comparison of functional
outcomes.

The pooled average means for the Indian population are pre-
sented in (Table 3 &Fig. 2). UCLA was assessed across nine studies,
C&M score across six studies, ASES across five studies and OSS in
only one study. Secondary outcome measure of pain VAS was
assessed across four studies. The mean C&M score changed from
29 ± 17 in the pre-operative period to 85 ± 5 at an average follow-
up of 12 months, the UCLA from a pre-operative of 11 ± 5 to a post-
operative of 31 ± 1 at an average follow-up of 26 months, the ASES
from a pre-operative of 25 ± 5 to a post-operative of 84 ± 4 at an
average follow-up of 12 months, and the VAS from a pre-operative
of 8 ± 1 to a post-operative of 1.0 at an average follow-up of 22
months. 95% Confidence intervals were charted for CM and UCLA
scores as they had high pooled number of studies compared to
other scores (Table 3).

Of these changes in functional outcome measures across the
study durations (Table 4), the difference in pooled mean scores for
ASES, UCLA and C&M scores assume statistical significance with p-
values of 0.043, 0.008 and 0.027 respectively. The change in VAS
pooled mean scores, although sizeable, was not statistically sig-
nificant with p-value of 0.066. Pooled mean changes for OSS could
not be calculated as only one study examined OSS.

Further, pooled data comparisons for mini-open vs arthroscopic
and other sub-analysis were not done as there was low number of
pooled studies in the various arms which would underpower the
analysis.

3.2. Mini-open cuff repair

All threemini-open studies8e10 (Tables 1 and 2) show significant
improvement in functional outcomemeasures over their respective
study durations. Vaidyar et al. (2015) included both partial thick-
ness (which were converted to full thickness tears for repair) and
full thickness tears and found no significant different in functional
outcomes in either group at end of follow-up period; with both
groups showing significant functional improvement from base-

line.8 These results were supported by Sharma et al. (2018) in their
twenty patient cohort study of mini-open repairs for full thickness
tears only.9 Both studies are severely limited by being underpow-
ered and with short follow-ups. A more recent and larger study by
Bashir et al. (2018) of non-massive full thickness tears compared
outcomes between degenerative and traumatic tears and found
significant improvement in both groups from baseline.10 They
found no significant difference in outcomes with respect to tear

Fig. 1. PRISMA flow diagram of study methodology for this systematic review on
functional outcome of rotator cuff repair in the Indian population.

Average mean ¼
Pfðn1xmean1Þ þ ðn2xmean2Þ þ ,,,þ ðnnxmeannÞgPðn1 þ n2 þ ,,,þ nnÞ

n ¼ study populationðstudy1; study 2 etcÞ
mean ¼ overall mean of the study population
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aetiology (traumatic vs degenerative) but did find that tear size
does correlate with functional outcomes after RCR, with smaller
tears having better outcomes than larger tears after a mini-open
repair.

A direct statistical comparison of mini-open to ARCR studies was
performed and found no statistically significant difference in pre-
operative and post-operative average means for ASES, UCLA and
C&M scores (Table 5).

3.3. Arthroscopic rotator cuff repair (ARCR)

All Indian studies of ARCR showed significant improvement in
functional outcomes (Tables 1 and 2). A number of Indian stud-
ies11e15 have used a single row construct with a minimal compli-
cation rate. Two of the studies11,12 are severely limited by being
underpowered, having a short follow-up duration (six months) and
using a single row construct even for larger tears, which the authors
justified was due to cost issues. Menon and Sheikh (2014), despite

Table 1
Study characteristics of included studies in the review. C&M¼ Constant Murley Score; UCLAeUniversity of California Los Angeles Score; ASESe American Shoulder and Elbow
Society score; VAS e Visual Analogue Scale; and OSS e Oxford Shoulder Score.

Study Name (Author and Year) Type of Study (Prospective/Retrospective) Number of Patients Study Duration (months) Scoring System Used

VAIDYAR et al. 2015 PROSPECTIVE 30 24 C&M
VORA et al.2017 PROSPECTIVE 25 12 UCLA and ASES
KUMAR and JADHAV 2014 PROSPECTIVE 25 21 UCLA and VAS
BASHIR et al. 2018 PROSPECTIVE 50 58 UCLA
KARAN et al. 2018 RETROSPECTIVE 40 6 CC&M
MENON et al. 2014 PROSPECTIVE 30 20 UCLA
BHABHULKAR et al. 2019 RETROSPECTIVE 97 24 VAS,OSS
SHARMA et al., 2018 PROSPECTIVE 20 6 C&M and UCLA
KAMAT et al.2019 PROSPECTIVE 32 12 C&M AND UCLA
DESHMUKH et al.2017 PROSPECTIVE 25 13 ASES,VAS
PANDEY et al., 2016 RANDOMIZED CONTROLLED TRIAL 102 24 VAS, UCLA, ASES AND C&M
PANDEY et al., 2019 RETROSPECTIVE COMPARATIVE 233 45 ASES and C&M
VAMSINATH et al. (2018) PROSPECTIVE 22 12 UCLA and ASES
BHANDARY et al. (2019) RETROSPECTIVE 54 29 UCLA

Table 2
Functional outcomes descriptive statistics for studies included in this systematic review. Significance in each study was defined by the authors as a net significant change
between pre-operative score and score at the end of average follow-up. This significancewas based on the respective authors assessment. C&M¼ Constant Murley Score; UCLA
e University of California Los Angeles Score; ASES e American Shoulder and Elbow Society score; VAS e Visual Analogue Scale; and OSS e Oxford Shoulder Score.

Study Name (Author
and Year)

Scoring System
Used

Mean Pre-operative Score Mean Post-operative Score Significant Change
(Yes/No)

Complications and Failures

VAIDYAR et al. 2015 C&M C&M-60 C&M-92 YES No retear; no other complications mentioned
VORA et al.2017 UCLA and ASES UCLA-12,ASES-31 UCLA-31,ASES-77 YES 36% patients had severe pain or were unable

to use limb
KUMAR and JADHAV

2014
UCLA and VAS UCLA-16,VAS-7 UCLA-30,VAS-1 YES 3 patients had complications; 1 retear and 2

superficial infections
BASHIR et al. 2018 UCLA UCLA-11 UCLA-31 YES 2 patients had post-operative stiffness
KARAN et al. 2018 CC&M C&M � 23 C&M 80 Yes 3 patients had post-operative stiffness
MENON et al. 2014 UCLA UCLA-14 UCLA-32 YES 2 possible retears not investigated
BHABHULKAR et al.

2019
VAS,OSS VAS-8,OSS-11 VAS-1,OSS-44 YES 3 patients had post-operative stiffness and 2

had infections
SHARMA et al., 2018 C&M and UCLA CC&M-8,UCLA-5 C&M-86,UCLA30 YES No complications
KAMAT et al.2019 C&M AND UCLA C&M-21,UCLA-9 C&M-81,UCLA-32 YES 1 patient had anchor failure and 1 had

infection
DESHMUKH

et al.2017
ASES,VAS ASES-18,VAS-9 ASES-83,VAS-1 YES 3 patients had post-operative stiffness and 1

had infection
PANDEY et al., 2016 VAS, UCLA, ASES

AND C&M
C&M e 30; UCLA e 6; ASES
e 24; VAS - 8

C&M e 90; UCLA e 33; ASES
e 87; VAS - 1

YES 7 patients had retear

PANDEY et al., 2019 ASES and C&M C&M e 31; ASES - 29 C&M e 82; ASES - 86 YES 25% non complete healing rate
VAMSINATH et al.,

2018
UCLA and ASES UCLA e 9; ASES - 23 UCLA e 29; ASES - 87 YES 4 patients had post-operative stiffness

BHANDARY et al.,
2019

UCLA UCLA - 19 UCLA - 32 YES Zero complications

Table 3
Descriptive statistics for UCLA and CM scores using pooled mean analysis. ASES 95% CI intervals are not calculated due to low number of studies. CI ¼ Confidence Interval;
UCLA ¼ University of California Los Angeles; CM ¼ Constant and Murley; ASES ¼ American Shoulder and Elbow Society.

Score N (number of studies) Mean Standard Deviation 95% CI lower bound 95% CI upper bound

UCLA Pre-operative 9 11.22 4.58 7.70 14.74
UCLA Post-operative 9 31.11 1.27 30.14 32.09
CM Pre-operative 6 28.83 17.46 10.62 47.05
CM Post-operative 6 85.17 5.00 79.92 90.41
ASES Pre-operative 5 25.00 5.15 18.61 31.39
ASES Post-operative 5 84.00 4.24 78.73 89.27

M. Arora, S. Sohan and A.K. Sinha Journal of Arthroscopy and Joint Surgery 8 (2021) 57e63

60



having a longer follow-up still remains underpowered and used
only a single anchor construct placed in the lateral cortex with
multiple suture limbs passed through the cuff. Kamat et al. (2019)
also studied single row ARCR with good improvement in functional
outcomes for their cohort when testing the addition of a micro-
fracture to improve healing, as per the Southern California Ortho-
paedic Institute technique.15 The study was both underpowered
and also did not have a comparator arm for assessment of the
microfracture technique versus non-microfracture. Additionally, it
included only small and medium sized tears in the study popula-
tion. One of the larger studies on ARCR using single row repair,
Bhandary et al. (2019) had a two year follow-up period but used a
retrospective analysismodel with only a single outcomemeasure in
UCLA.14 Further, the authors descriptively noted various con-
founding factors (such as tear aetiology, smoking history etc.) but
did not include them into a subgroup analysis to identify potential
impact on outcomes.

The above five studies demonstrate good functional outcomes
for single row ARCR in the Indian population however they do not
assess factors influencing outcomes. Vora et al. (2018) studied age,

gender and tear aetiology as a confounding factors. They found that
a younger age (less than 40 years) and traumatic tears (versus
degenerative tears) had better outcomes. Gender did not influence
outcomes.16 However, 20% of patients complained of functional
disability at the end of follow-up and 16% complained of severe
pain at the end of follow-up.16 The influence of age as a con-
founding factor on functional outcomes was also studied by Bab-
hulkar et al. (2019) who found significant functional improvement
in the elderly population (over 70 years of age).17 The authors
however did not compare their study cohort to a younger popula-
tionwith significant patient selection bias. This bears importance in
the Indian setting as with the large patient population there is a
high case load of degenerative cuff tears in the elderly in addition to
the traumatic tears in younger individuals.

Another interesting study in the field of ARCR looked at the
results for augmentation of repairs with PRP in the Indian popu-
lation through a randomized controlled trial. Pandey et al. (2016)
studied medium to large degenerative tears and found that UCLA
and C&M scores were better in the PRP group in the mid-term (12
months) however there was no difference in ASES score.18 Further
they found that the retear rate was 5 times higher in the control
armwhen compared to PRP at the end of the study period, however
it was significant only for the larger tears. Thus for larger tears
undergoing ARCR in the Indian setting, supplementation with PRP
may reduce retear rates and provide some improvement in func-
tional scores in the mid-term.

3.4. Single row versus double row ARCR

The majority of the above studies used a single row technique
for ARCR, showing good functional outcomes. Two studies in this
review examined the outcomes of single row versus double row
ARCR. Ravi and John (2018) compared those undergoing single row
(n ¼ 43) and those undergoing double row ARCR (n ¼ 30) over a 12
month period using UCLA and VAS scores. They found no significant
differences in either outcome measure between the two groups at
the end of the study period.19 Wade and Salgar (2017) evaluated
retear rates in 56 full thickness cuff tears repaired using single row
(n ¼ 28) or double row (n ¼ 28) technique over a 6 month period.
They found similar functional outcomes between both groups but
retear rates in the single row group were about 5 times higher than

Fig. 2. Pooled review mean data for functional outcome measures (C&M, UCLA and
ASES scores) comparing net yield average pre-operative score and average post-
operative score with varied average follow-ups as defined in text. ASES ¼ American
Shoulder and Elbow Society; UCLA ¼ University of California Los Angeles; CM ¼
Constant and Murley; VAS ¼ Visual Analogue Scale.

Table 4
Wilcoxon signed rank tests data comparing functional outcomemeasures for pre and post-operativemean pooled data. P-value defined as statistical significance at probability
of <5% (<0.05). ASES ¼ American Shoulder and Elbow Society; VAS ¼ Visual Analogue Scale; UCLA ¼ University of California Los Angeles; OSS ¼ Oxford Shoulder Score; CM ¼
Constant and Murley; Pre ¼ pre-operative; Post ¼ post-operative.

N Mean Rank Sum of Ranks Wilcoxon Signed Ranks (z) p-value

ASES-Post - ASES-Pre Negative Ranks 0 0.00 0.00 2.023 .043*
Positive Ranks 5 3.00 15.00
Ties 0
Total 5

UCLA-Post - UCLA-Pre Negative Ranks 0 0.00 0.00 2.668 .008**
Positive Ranks 9 5.00 45.00
Ties 0
Total 9

VAS-Post - VAS-Pre Negative Ranks 4 2.50 10.00 1.841c .066
Positive Ranks 0 0.00 0.00
Ties 0
Total 4

OSS-Post - OSS-Pre Negative Ranks 0 0.00 0.00
Positive Ranks 1 1.00 1.00
Ties 0
Total 1

CM-Post - CM-Pre Negative Ranks 0 0.00 0.00 2.207 .027*
Positive Ranks 6 3.50 21.00
Ties 0
Total 6
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in the double row group.20 However, this latter study has a very
high retear rate in general for the single row group (approximately
39%) which may have been standardized against the surgeon’s
preferred technique and suffers from a very short duration follow-
up. Further when compared to similar Indian studies using only a
single row technique, the high retear trend appears not to be
validated.12,21

Two studies22,23 included both single and double row repairs in
their study population but did not do a direct comparison of both
groups statistically. While both studies showed significant im-
provements in functional outcomes for ARCR over their respective
study durations, the former study22 suffers from both a small
sample size and short follow-up duration, whereas the latter
study23 was adequate powered and with sufficiently large follow-
up to determine end points. Interestingly, Pandey et al. (2019)
found that there was no difference in healing rates or outcome
measures between delaminated and non-delaminated tears. This is
important to the Indian setting as patients tend to present later
rather than earlier to seek medical care.

4. Discussion

4.1. Mini-open rotator cuff repair

The last two decades have witnessed a global trend towards
ARCR and away frommini-open cuff repairs. In the Indian scenario,
lack of trained arthroscopy surgeons, high capital equipment costs
for arthroscopy, lack of government sector arthroscopy practice,
and various other factors control the expansion of the ARCRmarket.
Consequently, both mini-open cuff repair and ARCR continue to
thrive in the Indian shoulder ecosystem.

Despite a global trend towards ARCR, systematic reviews
comparing mini-open to ARCR have found no significant differ-
ences for function and pain24,25. These systematic reviews have
their own limitation due to the small pooled sample size of the
collective studies and the short follow-up duration. However, they
do show that both techniques can produce similar outcomes when
done in good hands.

Our systematic review of Indian patients mirrored these find-
ings. We found significant improvement for functional outcome
measures for mini-open repairs and found no significant difference
for mini-open studies compared to ARCR studies. Our review’s

limitation is that only three studies have analysed mini-open
techniques and most of these have examined short term out-
comes only with small sample sizes. There is a need for higher level
of evidence studies of larger sample size and with longer follow-
ups than previous studies to validate the above trends and also
provide more functional outcome data of mini-open repairs with
respect to the Indian population. There is a need for mini-open
studies to analyse factors and variables associated with better
outcomes. Glaringly, there is lack of any randomized controlled trial
or lower level of evidence study comparing mini-open to ARCR
directly in the Indian population.

4.2. Arthroscopic rotator cuff repair

In the Indian setting, the uptake of ARCR has been slow due to a
plethora of reasons, as detailed above. However over the last
decade there has been much interest in India for arthroscopic
techniques which is witnessed by the rising trend in arthroscopic
research originating from India.26 Despite systematic reviews and
meta-analyses showing the equivocal results of mini-open and
arthroscopic RCR, ARCR in the twenty first century continues to be
defined as the ‘gold standard’ for the management of rotator cuff
tears. There are many known benefits of ARCR over mini-open
including smaller incision, faster recovery, and earlier rehabilita-
tion, however the short, mid and long term outcomes remain the
same as mini-open.24,25

Our systematic review of Indian studies validates these global
outcome studies with similar functional outcomes for mini-open
and arthroscopic cuff repairs. More specifically for ARCR, it ap-
pears that both the young and elderly population have functional
benefits and that gender does not influence outcomes. A common
conception among Indian surgeons is that elderly patients and In-
dian females do poorly after ARCR. This systematic review provides
an anti-dote to the misconception. However, a recent cohort study
by our centre (under review for publication) does show a trend
towards slower return to function for Indian females as compared
to Indian males after ARCR. One study included in this review did
find that degenerative tears have poorer functional outcomes
compared to traumatic tears however further work is required to
understand the role of tear aetiology on functional outcomes post
RCR in Indian population.

Interestingly, single row ARCR, even for medium and large tears
appears to dowell in the Indian setting. Cost of implants plays a role
in decisionmaking in the Indian scenario (especially in Tier II and III
cities) and the ability to provide equivocal outcomes with a single
row technique may be a game changer. The global trend for double
row repairs stems from the belief that it provides a greater coverage
area for healing and perhaps a stronger construct, an idea rein-
forced by a recent biomechanical review,27 however multiple re-
views have found no clinical differences between single and double
row repairs.28 It appears that despite providing a better interface
for healing and a stronger construct, double row does not actually
translate to better outcomes. Randomized controlled trials are
needed to study the functional outcomes of single versus double
row repairs for medium and large tears in the Indian population.

The limitations of our systematic review of ARCR includes only
eleven studies with poor level of evidence. Only one of these
studies was a randomized controlled trial. The majority of studies
are cohort studies which were prospective in nature. However, they
do suffer from short follow-ups and small sample sizes, with most
of them being underpowered. Additionally, there is a lack of sub-
group analysis to determine the role of cofactors and variables on
study outcomes. Further studies in this field should focus on sub-
group analysis and there is a need for higher level of evidence
studies with longer follow-ups and larger sample sizes to examine

Table 5
Mann-Whitney U test was performed to compare the pre and post-operative
average means for all mini-open studies (Group A) and all arthroscopic studies
(Group B). p-value assumes statistical significance at < 0.05. ASES ¼ American
Shoulder and Elbow Society; UCLA ¼ University of California Los Angeles; CM ¼
Constant and Murley; VAS ¼ Visual Analogue Scale.

Group N Mean Rank Sum of Ranks Mann-Whitney U (z) p-value

ASES-Pre A 1 2.00 2.00 .480 0.8
B 4 3.25 13.00

UCLA-Pre A 3 4.63 18.50 .712 0.73
B 6 5.30 26.50

VAS-Pre A 0 0.00 0.00
B 4 2.50 10.00

CM-Pre A 2 3.50 7.00 1.000 1
B 4 3.50 14.00

ASES-Post A 1 4.50 4.50 .277 0.4
B 4 2.63 10.50

UCLA-Post A 3 3.75 15.00 .209 0.286
B 6 6.00 30.00

VAS-Post A 0 0.00 0.00
B 4 2.50 10.00

CM-Post A 2 5.00 10.00 .165 0.267
B 4 2.75 11.00
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both ARCR outcomes and compare single row with double row
repairs. Additionally, based on our scoping searches, further studies
in the Indian population should add comparator arms including
non-operative interventions, such as physiotherapy and oral
medications.

4.3. Key findings of the study applicable to the Indian population

� Mini-open and arthroscopic RCR provide equivalent functional
outcomes in the short and mid term

� Single and double row ARCR provide equivalent functional
outcomes in the short term

� There does not appear to be any age bias on functional out-
comes. Elderly patients undergoing ARCR can expect good
functional outcomes

� There does not appear to be any gender bias on functional
outcomes

� There is a need for larger and longer studies with more stan-
dardized functional measures to allow for cross-study and cross-
country comparisons

5. Conclusion

The pooled study data of this systematic review shows that
ARCR achieves good functional outcomes in the Indian population,
and that mini-open techniques offer comparable outcomes to ARCR
in the Indian setting. Single and double row repair constructs
appear to have equivocal functional outcomes. There is a need for
higher level of evidence studies with larger sample sizes and longer
follow-ups to validate these findings. Further, subgroup analysis to
identify variables associated with better functional outcomes need
to be better understood.
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a b s t r a c t

Background: We report our medium-term outcomes of the balloon spacer in treating irreparable massive
rotator cuff tears (MRCT).
Methods: Twenty-two patients (17 male:5 female; mean age 68.2 years) had a balloon spacer arthro-
scopically inserted between September 2013eMay 2017 after failing non-surgical management or rotator
cuff repair. Oxford Shoulder Scores (OSS) were collected prospectively at baseline and prior to reverse
total shoulder replacement (rTSR) or at most recent follow up for those with the balloon spacer still in-
situ.
Results: A significant OSS improvement at mean follow-up 31.4 months (5e63) was found analysing all
patients who had a balloon inserted (23.6 vs 29.6; p < 0.02). However, 6 patients (27%) converted to rTSR
at a mean time of 11 months post balloon insertion with a mean OSS deterioration of 1.1. Six patients
with the balloon still in-situ demonstrated either a deterioration or an OSS improvement less than the
minimal clinically important difference (MCID). Three patients had an OSS improvement greater than the
MCID but remained symptomatic. Seven patients (32%) had a successful clinical outcome. Patients
converting to rTSR or with poor clinical outcomes were significantly older with significantly lower
baseline OSS compared to those with the best outcomes.
Conclusion: The balloon spacer is effective in a minority of patients in the medium term. The majority
either convert to rTSR or remain symptomatic with the risk of failure higher in those who are older with
a low baseline OSS.
© 2021 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.

1. Introduction

Managing irreparable massive rotator cuff tears (MRCT) pre-
sents a challenging prospect for the orthopaedic surgeon. MRCTs
are defined as rotator cuff tears with detachment of 2 or more
tendons. This is thought to be an acute on chronic or chronic
phenomenon in the majority of cases as the quality of the tendons
and muscle belly declines. The tendon further retracts over time
making repair success less likely with probable failure if repair is
achieved.1

Treatment options for irreparable MRCTs have been previously
reviewed.1,2 These options currently range from non-operative
(physical therapy/subacromial corticosteroid injection), arthro-
scopic cuff debridement and subacromial decompression, biceps
tenotomy, suprascapular nerve block, superior capsule recon-
struction, rotator cuff repair, patch augmentation, latissimus dorsi/
pectoralis major transfers and reverse total shoulder arthroplasty.
Non-operative management can be an option in low demand pa-
tients, while biceps tenotomy has been shown to improve pain and
function.3e5 Subacromial debridement and decompression seem to
have a limited role. Suprascapular nerve block (SSNB) is a pain-
relieving option at least in the short term, especially if the patient
does not want surgery or is not fit.6 Rotator cuff repair is advocated
if the tear is deemed repairable although a re-tear rate between 29
and 52% has been reported.7e10 Superior capsule reconstruction has
been reported to restore superior glenohumeral joint stability and
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function.11 Patch repair augmentation in rotator cuff repair has
demonstrated promising results, but this depends on the augment
material used and seems more suited to higher demand patients
with good quality tendons and some mobility of the torn cuff.12e16

Latissimus dorsi and pectoralis major transfers are more extensive
non-arthroplasty options, with the latter more applicable to a pa-
tient with a torn subscapularis.2,17,18 The superiority of one treat-
ment over another is ill-defined for irreparable MRCTs. Once the
disease process has progressed to pseudoparalysis/rotator cuff
arthropathy then reverse arthroplasty surgery may be the only
option. This has shown good early results in patients with pseu-
doparalysis and/or rotator cuff arthropathy.1,2

The balloon spacer is a simple arthroscopic treatment that has
been available over the past few years. This seems suited for pa-
tients with pain and functional impairment with irreparableMRCTs
who have failed non-operative management or previous surgery
prior to being considered for joint replacement surgery. The first
results of this device were published in 2012. The spacer is a
biodegradable synthetic balloon made of poly(L-lactide-co-capro-
lactone). It is thought to degrade within 12 months but has been
reported radiologically via MRI imaging to degrade within 3
years.19,20 Fibrosis in the space left by the degraded balloon spacer
has been reported following MRI analysis.21 The mode of action of
the balloon spacer is postulated to improve shoulder biomechanics
by aiding contraction of the deltoid as it lies between the acromion
and the humeral head and helping shoulder movement by
improving gliding and reducing friction. The long-term mode of
action after degradation may be in consequence to the inflamma-
tory response to the spacer forming a capsule which reduces pain
by providing a barrier between the humeral head and acromion.20

The literature is currently lacking in quality comparative studies
evaluating the effect of the balloon spacer in MRCTs with 9 case
series and 2 non-randomised comparative studies currently avail-
able, however all but two studies report good results in the short
and medium term respectively.20e30

The purpose of this case series is to report the outcomes of 22
patients with irreparable MRCTS treated with the balloon spacer.
We assess whether this simple treatment modality would be a
viable option in patients with irreparable MRCTs who have failed
conservative treatments who have pain and functional symptoms
but may not suitable for more extensive surgical options such as
reverse total shoulder replacement (rTSR).

2. Materials and methods

2.1. Study design

Twenty-two patients who had a balloon spacer arthroscopically
inserted for irreparable MRCTs between September 2013eMay
2017 were identified. They all had previous arthroscopies either
confirming the presence of an irreparable MRCTs or had previous
failed rotator cuff repair. All patients failed conservative measures
including analgesia, physiotherapy and steroid injections.

Our indications for using the balloon spacer were inclusive of all
the following criteria: massive rotator cuff tears of the supra-
spinatus/infraspinatus not amenable to repair, an intact sub-
scapularis tendon attachment and the absence of significant rotator
cuff arthropathy/glenohumeral joint arthritis and active infection.
Oxford Shoulder Scores (OSS) were collected at baseline pre-
balloon insertion and prior to reverse total shoulder replacement
(rTSR) or at their most recent follow-up for those with the balloon
spacer still in situ.

2.2. Operative technique

All patients had routine pre-operative assessment to assess their
fitness for surgery. Anaesthesia was achieved with an interscalene
block with or without sedation. Antibiotic prophylaxis as per local
guidelines was administered intravenously. Patients were placed in
a beach chair position. Diagnostic glenohumeral joint arthroscopy
was performed via the posterior portal to confirm the presence of
an irreparable MRCT while also assessing the subscapularis
attachment and articular surfaces. Via the posterior portal the
subacromial space was entered and bursectomy/acromioplasty
performed through a lateral portal as required to create space for
the balloon spacer. The balloon was then sized according to the
subacromial space judged from the width of the acromion anterior
to posterior and distance from the greater tuberosity to just medial
to the supraglenoid rim. The balloon comes in three sizes small
(40 � 50mm), medium (50 � 60mm) and large (60 � 70mm). The
balloon was introduced via the lateral portal advancing over the
glenoid rim to cover the rotator cuff stump. The protective sheath of
the delivery system was pulled back and the balloon exposed.
Appropriate positioning of the balloon was confirmed. The balloon
was inflated with normal saline to its recommended inflation vol-
ume via a Luer-Lock connector. This was done cautiously under
direct vision with the camera from the posterior portal to ensure
the balloon was inflating while maintaining its position. We
ensured the camera was progressively withdrawn as heat from the
light source can burst the balloon. The balloon was sealed and the
delivery system disengaged. The shoulder was then passively taken
through its range of movement checking the balloon position. It is
important to check that the balloon has not subluxed/dislocated
from its position otherwise it should be replaced. Wounds were
closed, dressed and the patient’s arm placed in a sling. Patients
went home the same day and underwent physiotherapy as per local
protocols.

Patients were followed up in a clinic led by a senior physio-
therapist with direct access to adjacent orthopaedic clinics run by a
surgeon. OSSs were obtained at variable time points in their
physiotherapy follow ups and patients were subsequently dis-
charged once their rehabilitation potential had been reached. Those
who were not progressing satisfactorily were reviewed by a sur-
geon for further assessment and management.

The outcome measures used were the OSS and conversion rate
to rTSR. We report pre-operative and follow-up scores collected via
clinic appointment, phone call or postal questionnaire. Data on the
patients’ general clinical outcome was also documented.

The OSS is a patient-reported outcome measure (PROM)
therefore minimising bias from clinicians.31 It has been validated
against other shoulder scoring systems for assessment of surgical
intervention in shoulders.32 The minimal clinically important dif-
ference (MCID) has been reported as 6.0 for the OSS to detect a
clinically relevant change.33

Statistical analysis of Oxford Shoulder Score results was per-
formed using SPSS (SPSS Inc. SPSS for Windows, Version 17.0.
Chicago: SPSS Inc.). Baseline and differential comparative analyses
were performed with a two-sample two-tailed Student’s T-test
assuming unequal variances. Comparative analysis of baseline and
follow-up OSSwas performedwith a paired, two-tailed Student’s T-
test. Analysis of age differences between the groups was performed
using a two-sample T-test assuming unequal variances. Statistical
significance was set at 5%. Mean values are reported with standard
deviation.

This study was registered with and authorised by our local
institution.
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3. Results

Our 22 patients had a mean age of 68.2 years (range 56e81) and
mean Hamada staging was 1.5 ± 0.51,2 pre-balloon insertion.
Seventeen patients were male (77%). The mean baseline OSS of all
22 patients was 23.6 ± 10.2 (4e40) and follow up OSS was
29.6 ± 14.1 at 31.4 months (5e63 months) (Fig. I). A significant
mean OSS improvement of 6.0 (p < 0.02) was demonstrated
(Table 1). Three patients had concurrent procedures performed at
the time of balloon insertion; 2 biceps tenotomies and 1 ACJ exci-
sion. Those who had biceps tenotomies (Patient 12 and 16) had
improved OSS and minimal pain. However, the patient that had ACJ
excision (Patient 14) had ongoing significant pain despite OSS
improvement. However, 27% (6/22) (mean age 74 ± 3 years, range
69e77 years, 50% male) converted to reverse total shoulder
replacement at a mean time of 11months (5e24months) following
balloon spacer surgery. This cohort had amean deterioration in OSS
of 1.1 (baseline 18.4 ± 8.9 vs pre-rTSR 17.3 ± 7.4). Two patients had
incomplete data (Table I).

In addition to the rTSR patients, 6 patients demonstrated either
a deterioration or an OSS improvement of less than the MCID of 6
points. Three patients had an OSS improvement greater than the
MCID but remained symptomatic. Seven patients (32%) had a suc-
cessful clinical outcome.

The patients were split into two groups depending on their
clinical outcome for further analysis. Group 1 had a successful
clinical outcome defined by having an OSS improvement greater
than MCID and having minimal or no pain. Group 1 included 7
patients (6 male [86%], mean age 63 years [56e73] and mean pre-
balloon Hamada staging of 1.4 [1e2]). Group 2 was deemed to have
had an unsuccessful clinical outcome as they either were in sig-
nificant pain, had been offered a rTSR but they declined or con-
verted to rTSR. The remaining 15 patients entered this group.
Eleven were male (73%). Mean age was 71 years (57e81) and mean
Hamada staging was 1.5.1,2 (Table II).

Group 1 demonstrated a significant mean OSS improvement of
14.6 (baseline 30.9 ± 8.4 vs follow up 45.4 ± 3.2, p < 0.002) at mean
follow up 41.4 months (20e63 months) (Fig. II). All patients in this
group had an OSS differential equal to or greater than theMCID of 6.

At mean follow up 26.7 months (5e59 months), Group 2
demonstrated a non-significant OSS improvement of 1.3 (baseline
19.9 ± 8.4 vs follow up/pre rTSR 21.1 ± 9.3, p < 0.62) which is below
the MCID for the OSS (Fig. III). All but four patients (patients 1, 3, 14
and 17) had an OSS differential less than the MCID. Of those four
patients one converted to rTSR, two were in significant pain but
declined surgery. The final patient of the four persevered in pain
which was not deemed severe enough at clinical review to be
offered surgery. (Table II).

Inter-group analysis demonstrated that Group 1 were signifi-
cantly younger compared to Group 2 (63.3 ± 6.5 years vs 70.5 ± 7.7
respectively, p < 0.04) and had significantly higher baseline OSS
(30.9 ± 8.4 vs 19.9 ± 8.4 respectively, p < 0.02). The OSS differentials
were 14.6 ± 6.6 in Group 1 and 1.3 ± 9.2 in Group 2 (Table II).

A stitch abscess is our only reported complication; this was
treated with oral antibiotics.

4. Discussion

Our case series has demonstrated inconsistent results for the

Fig. 1. Box and whisker plot comparing Oxford Shoulder Scores (OSS) at baseline up to
time most recent follow up or pre-reverse total shoulder replacement (rTSR) for all
patients.

Table 1
Results for all patients at baseline and at most recent follow up/pre-rTSR. Oxford Shoulder Score (OSS), reverse total shoulder replacement (rTSR).

Patient Sex Age Hamada Follow-up (months) Baseline OSS Follow-up OSS OSS Baseline vs follow-up differential Clinical Outcome

1 M 60 2 17 14 32 18 Pain but persevering
2 F 64 1 20 33 44 11 Painfree, doing well
3 M 81 2 27 24 31 7 Significant pain, declined rTSR
4 M 70 1 27 40 30 �10 Pain but persevering
5 M 67 2 28 40 48 8 Painfree, playing cricket
6 M 58 2 28 32 47 15 Pain free
7 M 78 1 32 24 10 �14 Significant pain, declined rTSR
8 M 60 1 38 20 19 �1 Significant pain, declined rTSR
9 M 57 1 39 20 25 5 Significant pain, declined rTSR
10 F 60 2 41 6 6 0 Significant pain, declined rTSR
11 M 73 1 44 31 48 17 Pain free
12 M 56 1 48 40 46 6 Pain free
13 M 76 1 57 22 19 �3 Pain but persevering
14 M 73 1 59 17 33 16 Significant pain, declined rTSR
15 M 68 1 59 23 46 23 Mild pain, plays golf
16 M 57 2 63 17 39 22 Mild pain, working as bricklayer
17 F 75 2 6 4 11 7 Conversion to rTSR
18 M 75 2 11 20 15 �5 Conversion to rTSR
19 F 77 2 6 22 n/a n/a Conversion to rTSR
20 F 73 1 12 28 28 0 Conversion to rTSR
21 M 69 1 24 18 15 �3 Conversion to rTSR
22 M 74 2 6 n/a n/a n/a Conversion to rTSR

Mean 68.2 1.5 31.5 23.6 29.6 6.0
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balloon spacer in terms of its efficacy as a treatment for irreparable
MRCTs.When analysing all patients collectively, they demonstrated
a significant mean OSS improvement. However, incorporating OSS
MCID and persistent pain into our analysis reveals a medium-term
failure of the balloon spacer in 68% (15/22 patients) due to either
conversion to rTSR, deterioration in OSS, change in OSS below the
MCID or persistent pain. Our experience suggests that those with a
poor outcome will convert to rTSR early or will opt to persevere
with their significant symptoms and decline further surgery. Those
that do well will continue to do so, albeit this cohort is in the
minority.

Patients with the best outcomes (Group 1) were significantly
younger and had a significantly higher baseline OSS than those in
the unsuccessful cohort (Group 2). Given the significant difference
between the baseline OSS between the groups this suggests that a
higher baseline OSS may be predictive of a better outcome.

However, exceptions were observed with outliers in age and
baseline OSS noted in both groups. Consequently, other factors may
contribute to this apparent discrepancy in balloon interposition
success. We would recommend this be a focus of future research.

However, our experience suggests that the OSS should be used
as an adjunct with clinical assessment to determine outcome. All
patients in Group 2 were deemed to have had poor clinical out-
comes. However, four patients demonstrated OSS improvements
above the MCID despite experiencing ongoing intrusive pain.
Consequently, one converted to rTSR and two were offered a rTSR.

It should be noted that in group 2 there was a total of six pa-
tients in our series who declined further surgery when offered a
rTSR despite reporting significant pain.

This data casts scrutiny upon our patient selection given that
many patients in Group 1 had a high baseline OSS. However, pre-
operative clinical assessment demonstrated that these patients
were sufficiently symptomatic to consider this intervention. This
cohort experienced the best outcomes in our case series, reinforc-
ing our treatment choice.

Our results reflect those of two case series which have drawn

Table 2
Results of Groups 1 (successful clinical outcome) vs Group 2 (unsuccessful clinical outcome). Oxford Shoulder Score (OSS), reverse total shoulder replacement (rTSR).

Patient Sex Age Hamada Follow-up (months) Baseline OSS Follow-up OSS OSS Baseline vs follow-up differential Clinical Outcome

Group 1

2 F 64 1 20 33 44 11 Painfree, doing well
5 M 67 2 28 40 48 8 Painfree, playing cricket
6 M 58 2 28 32 47 15 Pain free
11 M 73 1 44 31 48 17 Pain free
12 M 56 1 48 40 46 6 Pain free
15 M 68 1 59 23 46 23 Mild pain, plays golf
16 M 57 2 63 17 39 22 Mild pain, working as bricklayer

Mean 63.3 1.4 41.4 30.9 45.4 14.6
Group 2

1 M 60 2 17 14 32 18 Pain but persevering
3 M 81 2 27 24 31 7 Significant pain, declined rTSR
4 M 70 1 27 40 30 �10 Pain but persevering
7 M 78 1 32 24 10 �14 Significant pain, declined rTSR
8 M 60 1 38 20 19 �1 Significant pain, declined rTSR
9 M 57 1 39 20 25 5 Significant pain, declined rTSR
10 F 60 2 41 6 6 0 Significant pain, declined rTSR
13 M 76 1 57 22 19 �3 Pain but persevering
14 M 73 1 59 17 33 16 Significant pain, declined rTSR
17 F 75 2 6 4 11 7 Conversion to rTSR
18 M 75 2 11 20 15 �5 Conversion to rTSR
19 F 77 2 6 22 n/a n/a Conversion to rTSR
20 F 73 1 12 28 28 0 Conversion to rTSR
21 M 69 1 24 18 15 �3 Conversion to rTSR
22 M 74 2 6 n/a n/a n/a Conversion to rTSR

Mean 70.5 1.5 26.8 19.9 21.1 1.3

Fig. 2. Box and whisker plot comparing Oxford Shoulder Scores (OSS) at baseline to
most recent follow up in Group 1.

Fig. 3. Box and whisker plot comparing the Oxford Shoulder Score (OSS) at baseline to
most recent follow up/pre-rTSR in Group 2.
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less favourable conclusions, although showing significant im-
provements in their outcomes measures.29,30 (Table III). In Prat
et al.‘s study, despite the significant increase in the UCLA score, they
dismissed this as a small increase and attributed this mainly to a
change in the pain domain of the score. They reported 4 post-
operative complications including balloon spacer migration, neu-
ral damage, superficial infection and deep infection.29 Similarly,
Iban et al. felt it was not appropriate that one third of patients
converted to a rTSR and 40% had no perceived benefit.30

There are 9 published studies (7 case series and 2 comparative
studies) reporting positive outcomes for the balloon spacer which
reflects the outcomes of thosewho did well with the balloon spacer
in our series20e28 (Table III).

Interestingly, Ricci et als’MRI analysis at 24months showed that
the spacer was not detectable, instead replaced by a layer of
fibrosis.21 This gives an indication of how the balloon spacer may
continue to be effective.

We accept our study is subject to limitations. The study has
prospectively collected data, however it is a case series with no
control/comparative group and two patients who converted to rTSR
had incomplete data.

Our subgroup analysis is vulnerable to bias. Separation of our
cohort using PROM scores and outcome reported pain levels may
have been influenced by patient psychosocial factors. However, it
allowed identification of baseline patient factors that are associated
with an improved outcome.

Though this is a small case series, we had a sufficient number of
patients to demonstrate significant changes and our patient
numbers are comparable to other published studies. Longer term
follow-up is needed to further evaluate outcomes and conversion to
joint replacement, although our follow-up is relatively long
compared to similar studies.

We note heterogeneity in a few patients who had concurrent
procedures such as a biceps tenotomy or ACJ excision, therefore
their outcomes may have been influenced by these additional
procedures. We did not include objective functional measures such
as range of motion.

Our only reported complication is a stitch abscess which was
treated with antibiotics. Another patient had a repeat arthroscopy
after approximately 6 months due to continuing pain and had the
remainder of the balloon spacer removed. Other complications
reported from other balloon studies include spacer revision, spacer
migration and superficial/deep infection.22,29

On the whole we feel our case series provides valuable addi-
tional data to the current evidence base which is somewhat con-
flicting. Our data suggests a specific cohort in which the balloon
spacer may be effective yet demographic and outcome outliers are
evident. These unpredictable outcomes challenge whether the
balloon spacer is a justifiable treatment option given its inevitable
associated patient morbidity and cost. Given this, in our unit the
balloon spacer is now only utilised within a research context uti-
lising strict inclusion criteria.

5. Conclusion

There are many different treatment options available for pa-
tients with irreparableMRCTs. The utilisation of balloon spacers is a
relatively novel option and is a simple alternative for patients
wishing for pain relief and functional improvement. However, in
our series the balloon spacer was clinically effective in a minority of
patients. The risk of failure is higher in older patients and those
with a low OSS at baseline. Despite poor outcomes, patients are
subsequently reluctant to undergo joint replacement surgery.

However, some patients had a favourable outcome which may
delay the need for major joint replacement surgery. These patients

appear to be younger and, despite being significantly symptomatic,
have higher baseline outcome scores.

Patient expectations should be managed accordingly before
insertion of the balloon spacer; whether for pain relief or to delay
further surgery. From the clinician’s perspective, patient selection is
crucial in maximising their outcome as our case series suggests a
specific cohort where a balloon spacer may be effective.

The important clinical question of whether the balloon spacer is
appropriate treatment for irreparable massive rotator cuff tear re-
mains. Randomised studies with higher patient numbers are
required to provide qualitative comparisons in this patient group.
Where possible, we would encourage clinicians to participate in
robust research to definitively answer this question.
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a b s t r a c t

The management of Acromioclavicular (AC) joint disruptions types IV, V and VI is operative. Over 60
procedures have been described for AC joint reconstruction. Recently, a trend towards anatomical
methods for restoring horizontal (AC) and vertical (CC) stability in both acute and chronic AC joint
disruptions has been reported. A special suspensory button device is available in the market for closed/
open AC joint repair. We report a technique of anatomical AC joint reconstruction using conventional ACL
tightrope with semitendinosus autograft in two cases with excellent functional (Constant and Murley
score) and radiological (restoration of AC and CC distance) outcomes at one year. The described technique
is simple, reproducible and is anticipated to reduce the cost of the operative procedure significantly.
© 2020 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.
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1. Introduction

Recently excellent outcomes have been reported in anatomic
reconstruction of the acromioclavicular (AC) joint.1 There is a trend
for arthroscopic assisted reduction and fixation with a suspensory
loop and a button each under the coracoid process and the superior
surface of clavicle (tightrope device) for acute AC joint disloca-
tions.2 The repair technique relies on maintaining the AC and CC
(coracoclavicular) space by the suspensory button to aid healing of
the stretched AC joint capsule and CC ligaments. However, resto-
ration to normal length of a stretched AC joint capsule and CC
ligaments is debatable. Clavert et al. reported radiological failures
and low functional scores in 41% and 27% percent of patients in AC

Joint disruptions treated with a suspensory button alone.3 Reduc-
tion with autologous/allogenic tendon augmentation and protec-
tion with a screw, tape or a suspensory device has been described
and is our favored technique because it is anatomical, simple and
reproducible.4 Suspensory devices are preferred over screws
because the latter needs another operation for removal. A special
AC Tightrope device/Twin -Tail tightrope device (Arthrex Naples
Florida USA) is available for AC joint reconstruction, which has one
button each for undersurface of the coracoid and the superior
surface of clavicle connected by an adjustable loop.5 However, it’s
frequent use is limited because of cost constraints and availability.
The purpose of this technical note is to report a modification in AC
joint reconstruction by using conventional ACL tightrope.6 We
report the functional and radiological outcomes in two chronic AC
joint dislocations operated using our technique with graphic rep-
resentation of one of the cases (Fig. 1).

2. Surgical technique

With the patient in beach chair position and the injured
shoulder supported by a beanbag, we performed an anatomical AC
joint reconstruction in attempt to restore horizontal (AC) and ver-
tical (coracoclavicular CC) stability. A standard 3 cm vertical inci-
sion, between the inferior edge of the clavicle and the coracoid
process, was used to expose the delto-trapezial fascia that was
incised and the deltoid was cut in T fashion with its base at the
clavicle. The coracoid process was identified, and its medial and
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lateral surfaces were dissected to accommodate a Satinsky/right-
angled clamp. A shuttling suture loop was then passed from
medial to lateral through the undersurface of the coracoid. Carewas
taken to pass the suture loop from medial to lateral to protect the
neurovascular bundle next to the coracoid. The superior surface of
the lateral clavicle with the AC joint was dissected and the lateral
5 mm of the clavicle was excised to prevent iatrogenic AC joint
arthritis. Two tunnels, anteromedial (conoid) and posterolateral
(trapezoid) were drilled from superior to inferior in the lateral
claviclewith a 4mmdrill bit in alignment with the coracoid process
to accommodate the conoid and trapezoid part of coracoclavicular
ligament reconstruction. Another hole was drilled from superior to
inferior through the acromion adjacent to the AC joint for the
reconstruction of the acromioclavicular ligament. Shuttling sutures
were passed through each of the tunnels. Tightrope device meant
for ACL reconstruction with an adjustable loop and single button
and whip stitched autologous semitendinosus tendon were passed
from medial to lateral under the coracoid process (Fig. 2). The tight
rope device was looped on to itself and passed through the ante-
romedial (conoid) tunnel in the clavicle from inferior to superior
with the semitendinosus tendon autograft. The suture button was
flipped on the superior surface of the clavicle and its adjustable
loop tightened to achieve the AC joint reduction (video supple-
ment). A maneuver pushing the elbow upwards and pressure on
the clavicle downwards was adopted to achieve AC joint reduction.
The free end of the semitendinosus tendon graft emerging from the

conoid tunnel of the clavicle was then passed from superior to
inferior through the tunnel in the acromion and inferior to superior
through the posterolateral (trapezoid) tunnel in the lateral end of
the clavicle. The free ends of the graft were sutured upon them-
selves. The flaps of deltoid were repaired, and the surgical incision
was closed in layers. The shoulder was protected with an arm to
chest bandage for 4 weeks following which a standard post-
operative rehabilitation protocol was initiated for shoulder mobi-
lization. Functional and radiological outcomes assessed at 1 year
demonstrated excellent Constant and Murley shoulder scores
(CMS) and a reduced AC joint (Figs. 3 and 4).

3. Discussion

Treatment of AC joint disruptions Rockwood types IV, V and VI is
operative. Recent studies have demonstrated the importance of
instability in horizontal component in the AC joint disruptions.7

The autograft/allograft reconstructions for restoring horizontal
and vertical stability in these studies were protected by a screw,
suture, tape or a suspensory button fixed on the clavicle and the
under surface of the coracoid (tightrope). We modified the tech-
nique by using the tightrope device meant for ACL reconstruction
for the protection of semitendinosus autograft for 6e8 weeks.
Spencer and colleagues compared different methods of ACJ
reconstruction and reported least failure rates with combined
suspensory button and looped allograft under the coracoid.8 The

Fig. 1. Antero-posterior and scapular Y view radiograph of the shoulder showing increased Coraco-clavicular (CCD) and Acromio-clavicular (ACD) distance.

Fig. 2. Graphic illustration depicting the passage of the semitendinosus autograft and the tightrope device during the operation in coronal and sagittal views.
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likely reason for high radiologic failures could be slipping of sus-
pension sutures in the button, single point of fixation of the button,
fracture of the lateral clavicle, acromion and coracoid and failure of
stretched AC and CC ligaments to heal. However, the modified
technique described by us looped the button and the autograft
under the coracoid negating the risk of its fracture. A systematic
review which assessed 21 studies for the loss of reduction and
complications in anatomic AC joint reconstruction reported no
significant differences in loss of reduction between single and
double clavicular tunnel technique.9 In addition, more complica-
tions were noted with the double clavicular tunnel technique.
Reconstruction of the AC joint using the excess auto/allograft were
found to have better outcomes against no reconstruction. Some
studies employed sutures while others used acromion tunnels for
fixation of excess ligamentous graft. A few studies used interfer-
ence screw or peek anchors for fixation of the graft in the tunnels
while some opted not to. We believe that it is impossible for the AC
and CC ligaments responsible for the maintenance of AC joint
integrity to heal back to preinjury position when the plastic
deformation from the injuring force is high. The cost of an ACL tight
rope or a similar device with a suspensory loop and single suture
button marketed in India is estimated between $ 154 to $ 176. The
implant is readily available to the surgeons because of its frequent
use in ligamentous reconstructions around the knee. Contrastingly,
the special tightrope meant for AC joint fixation has limited

Fig. 3. Post-operative radiograph at 1 year showing a reduced AC joint.

Fig. 4. Clinical photographs showing functional outcome at 1 year.
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manufacturing and is available at $ 391 to $408, making our
modification relevant in low-budget scenarios.
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a b s t r a c t

Introduction: Intercondylar fractures of distal humerus are uncommon and pose a considerable challenge
to even the most experienced orthopaedic surgeon. Our study aimed at comparing one described surgical
approach to fix them, the TRAP approach (Group TR), which involves elevation of a flap comprising of
triceps and anconeus from distal to proximal, with the more popular olecranon osteotomy approach
(Group O).
Material and method: In this study, 35 patients in Group O were compared with 32 patients in Group TR.
Both the groups were comparable in terms of age, gender, duration of injury and degree of comminution
of the fracture. Results were compared in terms of union, arc of motion, flexion contracture, overall
flexion achieved and triceps strength. Functional evaluation was done using the Mayos’ elbow perfor-
mance score (MEPS).
Results: Patients were followed for a minimum of 18 months. Fracture union was seen at or before 6
months in all the patients of both the groups except in 3 cases of Group O and 2 of Group TR where it was
seen at 9 months. Average time to union was comparable in both the groups. In all of them except 3 in
group O and 4 in Group TR, the fractures united with intraarticular step off of less than 2 mm. In Group
TR, the average arc of motion was 114.5 (SD 14.6) with a mean degree of flexion of 121.9 (SD 12.1) and
extension of 7.3 (SD 5.6). In Group O, the arc of motion averaged 113.6 (SD 18.9) with a mean degree of
flexion of 124.1 (SD 13.3) and extension of 10.6 (SD 7.3).
Conclusion: Although technically demanding, TRAP exposure can prove to be as effective as olecranon
osteotomy approach and can be used as an approach of choice for fixation of these fractures.
© 2020 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.
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1. Introduction

Intraarticular fractures of humerus are uncommon accounting
for 2e6% of all fractures and about 30% of all elbow fractures and

typically occurring in young males due to high energy trauma.1

They still pose a therapeutic challenge to surgeons owing to the
complex anatomy of elbow, multiple fracture fragments and
limited subchondral bone.2,3 Anatomic reconstruction, rigid fixa-
tion and early mobilization is more important in intraarticular
elbow fracture than in any other joint4e6 and this led to operative
fixation being chosen as a gold standard treatment modality for
these fractures.7

Many aspects of operative fixation starting from the choice of
implant to its placement and subsequent approach of choice have
been debated. Literature is still inconclusive about the best
approach for the management of these fractures.

Triangular fixation techniques for bicolumnar restoration are an
effective and predictable way to treat these fractures8 and so were
selected for our study with 2 plates placed orthogonally.
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Ample exposure of the articular surface of the distal humerus
and the elbow joint is necessitated for operative stabilization of
these fractures. Posterior surgical approaches have been thought to
provide a matchless exposure to this site and olecranon osteotomy
has been contemplated as a gold standard approach to restore
articular congruity9 and against it other approaches have been
compared. It offers a complete view of the distal humerus and is the
most frequently employed approach.10

However, this approach has its own impediments. Delayed
union, nonunion of osteotomy site and prominent hardware has
been reported11 Dissociation of the triceps from the olecranon
entails a more voluminous dissection, triceps weakness and sow
postoperative rehabilitation. This compelled the surgeons to search
for surrogate methods of dealing with the extensor mechanism.

Newer approaches with the aim of providing an uncompro-
mised access to the fracture surface and at the same time pre-
venting any compromise with the extensor apparatus have been
proposed. One such approach is the paratricipital posterior
approach to the distal humerus via a midline posterior incision, as
put forth by O’Driscoll et al.12 It entails mobilization of triceps and
anconeus off the posterior surface of distal humerus and the
intermascular septae, thereby affording an adequate exposure to
these fractures without involving any osteotomy. Besides this, the
neurovascular supply to the anconeus, a dynamic stabilizer of the
elbow is undisturbed.12 Zhang et al.13 had observed reductions in
procedure time, blood loss, complication rates and MEPS outcome
with triceps sparing approach as compared to olecranon osteot-
omy. The intention of our study was to compare two different
surgical exposure techniques, thewidely used olecranon osteotomy
and relatively new Triceps Reflecting Anconeus Pedicle (TRAP)
exposure for fixation of these fractures.

The Aim of this randomized, prospective study was to analyze
and compare the functional outcome of patients with intraarticular
fracture of distal humerus in terms of triceps strength, post-
operative ROM and MEPS score operated with either of the two
surgical exposure techniques, olecranon osteotomy or TRAP
approach.

2. Material and methods

Between July 2016 to January 2019, 74 consecutive patients
falling in age group of 18e59 years with intraarticular fracture of
humerus were managed with open reduction and internal fixation
of the fracture. They were randomized on an odd/even date pre-
sentation basis into 2 groups: Group O (Olecranon Osteotomy

Group) and Group TR (TRAP Group). The study was approved by
institutional research cell and ethical committee.

Standard AP and Lateral views were obtained in the Emergency
department and fractures were classified according to the AO
classification of humerus fractures.

The inclusion criteria were- Age 18e59 years; closed inter-
condylar humerus fractures; grade 1 open fractures and Type C as
per AO/ASIF classification system.

Patients were excluded if they classify as a grade 2 & 3 open
fracture; medically unfit for surgery; associated ipsilateral upper
limb fractures and any associated neurovascular deficit and pre-
senting >3 weeks after injury.

All patients were operated after obtaining informed consent and
departmental permission. 7 patients could not be followed up for
the prerequisite period and the remaining 67 patients constituted
our study with Group O (35 patient) and Group TR (32 patient)
[Table 1]. Student t-test was used to analyze the difference of means
between the 2 groups. The test was referenced for a two-tailed p
value and 95% confidence interval was constructed around sensi-
tivity proportion using normal approximation method. The Fisch-
er’s exact test was used for the comparison of paired categorical
variables. SPSS software was used to perform statistical analyses. A
value of <0.05 was considered statistically significant. The sample
size according to the incidence of events in 2 groups as per previous
studies considering 0.05 alpha factor and 80% power was 2664
(1332 in each group). Power of the study was calculated to be 5.3.

After routine preoperative investigations and assuring fitness
for anesthesia, patients were taken up for surgery. General anes-
thesia or regional block was employed to carry out the procedure.

Patients were placed in lateral decubitus position with the
elbow resting over a side support attachment and the forearm
hanging by the side. Digital pneumatic tourniquet was routinely
employed over the proximal arm. A midline skin incision curving
over the tip of olecranon extending 15 cm proximal and 5 cm distal
to it was used and full thickness medial and lateral fascio-
cutaneous flaps were generated. Ulnar nerve was dissected and
freed proximally from its emergence beneath the triceps tendon to
distally up to its first motor branch to the flexor carpi ulnaris
muscle.

In Group O, the interval between the triceps and the anconeus
was incised to expose the joint. A distally oriented chevron (reverse
V) osteotomy of olecranon using a sagittal oscillating saw and
osteotome to complete the osteotomy near the cartilaginous part of
olecranonwas carried out and olecranonwas raised with triceps off
the posterior aspect of humerus extraperiosteally [Fig. 1].

Table 1
Demographic profile of study.

Characteristics Group O Group TR

Age (in years), Mean(range) 38.14 years (SD 15.3) 35.21 years (SD 13.09).
Gender (Male: Female) 41:16 31:13
Side (Right: Left) 32:25 29:22
Fracture Type
Closed 42 35
Grade 1 15 16
AO Classification
C1 28 26
C2 19 17
C3 05 05
Mechanism of Injury
Fall 18 21
RTA 09 06
Assault 02 01
Others 05 04
Duration of Injury 10.11 days (SD 4.24) 09.90 days (SD 4.29) (p value ¼ 0.841)
Preop ulnar nerve palsy 02 02
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In Group TR, TRAP approach for exposure of the elbow as
described by O Driscoll et al. was employed.12 Distally ulnar nerve
was exposed for 7 cm after the flexor pronator mass was entered.
Laterally, flap was elevated with distal to proximal dissection
comprising of anconeus and triceps. The flap was detached from its
distal attachment (5e7 cms from tip of olecranon) and dissected off
the lateral side of elbow taking care to preserve the integrity of
lateral collateral ligament. The posterior capsule was then incised
and triceps dissected off the posterior surface of the humerus.

For internal fixation, articular fixation was achieved with one
4 mm cannulated cancellous screw and medial and lateral columns
were fixed with pre-contoured locking anatomical plates placed
orthogonally. Dual plating has been shown to provide rigid fixation
for these fractures and can provide improved functional
results.14e16

In both the groups, provisional stabilization was first achieved
with K wires and subsequently with the implants stated above.
Lateral column was plated along its posterior surface and medial
column along its medial surface. Carewas taken to ensure proper fit
of the plates to the bony surfaces. A subcutaneous transposition of
ulnar nerve was carried out in all the cases.

In Group O, olecranonwas secured via tension band wiring with
2 K wires and cerclage wire. In Group TR, triceps was reattached
with interrupted no.2 braided polyester suture to olecranon using
drill holes. The tourniquet was then released and homeostasis
achieved before the wound closure in layers over a suction drain.

Intraoperative radiographs to confirm reduction and correct
plate placement, varus/valgus stress test for collateral ligament
integrity were routinely carried out. Fixation stability and motion
arcs were assessed too prior to closure.

Postoperative care: Following surgery, elbow was splinted in
110� of flexion and elevated for 2 days to reduce edema. Active
assisted ROM was started on 3rd day and splint was used inter-
mittently for 2 weeks. Patients were discharged 5e7 days after
surgery.

Follow up- Patients were followed at 2 weeks from the date of
surgery when sutures and splint were removed, then at 4 weeks,
then monthly for first 6 months and after that at every three
monttill the last follow-up. At each follow-up, patients were
encouraged to achieve maximum motion and appropriate func-
tions. They were evaluated for any pain, swelling, and signs of
infection and ROM at elbow. X rays (AP and lateral) of affected
elbow) were done. A standard practice of measuring ROM with
patient sitting and arm resting over the table was used.

Fig. 1. Per-operative picture- Olecranon osteotomy and intercondylar fracture humerus fixation.

Table 2
Duration of follow-up.

Group O Group TR p value

Mean duration of follow-up 23.49 (SD 4.80) 23.34 (SD 4.86) 0.900

Table 3
MEPS score.

Criteria Grading Score

Pain None 45
Mild 30
Moderate 15
Severe 0

Motion >100 20
50e100 15
<50 05

Stability Stable 10
Moderately unstable 05
Grossly unstable 0

Function Can comb hairs 5
Can eat 5
Can perform hygiene 5
Can don Shirt 5
Can don shoe 5

Table 4
MEPS classified in scale of excellent to poor.

MEPS Score Grading

>90 Excellent
75e89 Good
60e74 Fair
<60 Poor

Table 5
Summary of results.

Name of Criteria Mean in Group O Group TR p value

Time for union(months) 05.57(SD 01.31) 05.31(01.25) 0.409
Range of Motion(deg.) 113.57 (SD 18.88) 114.53 (SD 14.55) 0.818
Flexion(deg.) 124.14 (SD 13.31) 121.87 (SD 12.09) 0.470
Extension deficit(deg.) 10.57 (SD 7.3) 7.25 (SD 5.6) 0.048
Pronation(deg.) 75.71 (SD 8.84) 74.06 (SD 7.97) 0.426
Supination(deg.) 67.42 (SD 9.80) 70.31 (SD 6.94) 0.173
MEPS Score 87.14 (SD 8.07) 85.46 (SD 8.16) 0.402
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At final follow-up visit at 18 months, parameters compared
were: Elbow range of motion, Triceps strength and Mayos’ elbow17

performance score (MEPS) (see Tables 3 and 4).

3. Results

The demographic profile of the patients in both the groups was
comparable (Table 1). According to AO/ASIF classification, in Group
O, C1, C2 and C3 fractures were 8, 7 and 10 respectively and they
were 7, 14 and 11 respectively in Group TR. 4 patients in Group O
had open injuries (Grade 1) and 5 in Group TR (Grade 1).The mean
duration of interval between the injury and the presentation and

themean duration of follow-up of the patients in the 2 groups were
also comparable (Tables 1 and 2).

The time taken for fracture union was comparable between the
groups and there was no statistically significant difference
(Table 5). In all of the subjects, except 3 in group O and 4 in Group
TR, the fracture united with intraarticular step off of less than
2 mm. Olecranon osteotomy too had an uneventful union in all
Group O cases.

There were also no statistically significant differences with re-
gard to the average arc of motion, mean degree of maximum
flexion, range of pronation and supination between the two groups
at 18months. However, the extension deficit was significantly more

Fig. 2. A-Case 1- Pre-operative Xray showing intercondylar fracture humerus. B-Case 1- TRAP; Follow up Xray picture showing union at fracture site.
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in Group O as compared to Group TR [Table 5] [Figs. 2e6].
5 patients in Group O and 3 patients in Group TR exhibited

motion less than the functional arc of motion (100 deg.). Elbow
arthrolysis was offered to all of them and 2 patients agreed to it (1
in either Group) and they achieved 110 deg. (Group O patient) and
115 deg. (Group TR patient) ROM at 18 months final follow-up after
first surgery [Table 5]. The function evaluation utilizing average
MEPS calculation at final follow-up revealed no statistically sig-
nificant difference between the groups. [Tables 5 and 7] [Figs. 5 and
6].

The strength of the tricepsmusclewas also comparable between
the 2 groups on completion of 18 months (Table 6).

Complications were tackled appropriately. Backing out of k
wires and hardware prominencewas seen in 2 cases of Group O and
none in Group TR. All these 2 cases underwent implant removal
between 6 and 8 months. In none of the cases was deep infection
seen. Superficial infection, seen in 2 cases in Group O and 3 in
Group TR in the first month after surgery subsided with regular
dressings and antibiotics. Preoperative ulnar nerve symptoms seen
in 4 patients (2 in each group) subsided completely within 2
months after surgery. Postoperatively, complete ulnar nerve palsy
or any other neurological deficit was not reported in any patient of
either group. Mild ulnar nerve neuropathy seen in 2 patients in
each group subsided completely at 2 months in all without any
operative intervention. Screw loosening was seen in 2 patients in
Group O and 3 in Group TR. All of them subsequently needed
implant removal after fracture union. Bullae formation and partial
skin necrosis seen in 1 patient in Group O and 2 in Group TR,
subsided conservatively. In none of the cases was loss of articular
reduction, implant breakage or wire breakage was seen. No com-
plications related to olecranon osteotomy like nonunion, malunion
or heterotopic ossification was seen and no revision surgery was
performed in our series. No evidence of AP or varus valgus insta-
bility was found [Table 8]. Overall, there was no statistically sig-
nificant differences in the complication rates between the two
groups.

4. Discussion

Operative fixation for distal humerus fractures is essential to
make the elbow stable and painless with satisfactory functions. To
allow early and complete rehabilitation, near anatomic recon-
struction of articular surface, restitution of both medial and lateral
pillars and stable fixation of fracture fragments is paramount. Tri-
ceps spitting or -peeing approaches have been demonstrated to
have a detrimental effect on muscle strength due of possibility of
weakened reattachment, direct muscle injury with accompanying
fibrosis and injury to intramuscular nerve branches.18 In TRAP
approach, the dissection is done in an internervous plane and
hence chances of a compromise with triceps strength are avoided.

Although we did not quantify the surface area of distal humerus
exposed in our study, we could achieve adequate exposure of the
fracture site via TRAP approach even in AO type C3 fractures. The
anterior articular surface can be visualized by extreme flexion of
elbow. Wilkinson et al.19 studied the median exposed articular
surface for triceps splitting, triceps reflecting and olecranon
osteotomy approaches and found that the total exposed articular
area of distal humerus was 35%, 46%, and 57% respectively.
Although olecranon osteotomy provides unparalleled exposure to
the articular surface among them but it was not significantly
greater than TR.

The olecranon osteotomy approach has been found difficult to
be extended proximally.10,20,21 Prominent K wires in 15 out of 20
(75%) cases and skin breakdown in 4 (20%) have been reported by
Macko et al.․22 Horne et al.23 reported 75% patients requiring wire

Fig. 3. A- Case 2- TRAP; Pre-operative Xray showing intercondylar fracture humerus.
B- Case 2- TRAP; Post-operative follow up Xray 4 weeks. C- Case 3- TRAP; Post-
operative Xray follow up at 12 weeks.
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removal in 1 year due to pain and 7% nonunion incidence. Ring
et al.24 found the nonunion rate of trans-olecranon exposure to be
as high as 30% with transverse olecranon osteotomy. In their series,
Gainer et al.25 reported need for hardware removal in 27% patients
due to symptoms related to wire prominence and septic olecranon
bursitis. In our study, we reported prominent K wires in 2 cases of
Group O and no case of skin breakdown. All chevron osteotomies in
our study had an uneventful union. Problem of nonunion is more

frequently encountered with transverse osteotomy.6

Significantly better elbow extension was discovered in the pa-
tients operated with TRAP approach than those with olecranon
osteotomy approach while the differences in the arc of motion,
mean overall flexion, range of pronation and supination move-
ments between the two groups were not found to be statistically
significant. Functional evaluation was done using MEPS score and
there were no statistically significant differences in this regard also.

Fig. 4. A-Case 3- Pre-operative Xray showing intercondylar fracture humerus. B-Case 3- Olecranon osteotomy post-operative Xray after fracture fixation.
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Likewise, Chen et al.26 found no overall statistically significant
difference in average flexion, extension, arc of flexion/extension in
the two groups, although patients >60yrs tended to have more
extension loss with triceps sparing approach. Ibrahim et al.27

observed that overall mean arc of elbow motion was 108� (range
70�e140�) in the TRAP group, whereas that of the olecranon
osteotomy group was 98� (range 70�e115�). He noted a significant
difference between the two groups in terms of overall mean arc of
elbow motion but no significant differences between the two
groups in terms of mean MEPS and DASH scores.

In contrast, significantly better motion arc values as well as
functional outcome according to Mayo elbow score was seen in
olecranon osteotomy group than triceps lifting group by Elmadag
et al.․28 Khalid et al.29 too found out better functional results with
olecranon osteotomy than triceps sparing approach.

In our study, on evaluation of triceps strength at 18 months
follow up, 91.4% (32 patients out of 35) in Group O and 87.5% (28
patients out of 32) in Group TRwere found to have regained normal
triceps strengthwhen compared to opposite side. Our findings have
been seconded by many previous studies. Ozer30 found no

significant triceps weakness and dysfunction with TRAP approach.
Lakhey et al.31 too found grade 4 triceps strength in all their pa-
tients at 12 months follow-up with the triceps reflecting approach.
In their study, Pankaj et al.32 reported 87.5% of their patients to gain
good triceps strength at final follow-up with the same approach.

Our study has a few limitations. Triceps strength was measured
manually and this makes our results prone to observer bias.
Objective testing of muscle strength is a better way to eliminate it.
Post traumatic osteoarthritic changes take time to exhibit and need
longer follow-up to become evident and sowere not assessed by us.
Further studies with larger group size and longer follow-up are
necessary to provide complete information and validate the find-
ings of the current study.

5. Conclusion

In conclusion, TRAP approach can provide elbow functions as
good as or even better than olecranon osteotomy inmanagement of
these fractures. It obviates the need of an additional step of an
osteotomy and provides ample exposure for intraarticular fractures

Fig. 5. Clinical Outcome of TRAP case 1.
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of distal humerus without any detriment to the triceps strength,
post-operative rehabilitation and final functions achieved and thus
can prove to be a better substitute for the osteotomy obsessed
surgeons.

Fig. 6. Clinical Outcome of TRAP case 2.

Table 6
Triceps strength.

Group Op(n ¼ 35) Group TR (n ¼ 32) p value

Number of patients regaining normal triceps strength 32 28 0.701

Table 7
Results of MEPS score.

MEPS grade GROUP O GROUP TR

Excellent 17 14
Good 16 16
Fair 2 2
Poor 0 0

Table 8
Comparisons of complications of both groups.

Complications Group O Group TR

Superficial infection 2 3
Deep infection 0 0
Prominent K wires 2 0
Screw loosening 2 3
Nonunion/delayed union 0 0
Bullae and skin necrosis 1 2
Ulnar neuropathy 2 2
Radial neuropathy 0 0
Need for implant removal 2 3
Primary implant failure 0 0
Total 11 13

p ¼ 0.457 for overall total complication rate.
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a b s t r a c t

Introduction: Augmented Reality (AR) provides a state-of-art yet simplified and comprehensive approach
for medical education, surgical planning and patient management. The initial descriptions of incorpo-
ration of AR in orthopedics were given around the year 2000. Recent studies have shown smooth
transition of AR technology from bone phantom models, animal and cadaver studies into clinical trials.
However, there are still a few technological hurdles faced by orthopedic surgeons. Our aim is to sys-
tematically review clinical studies for advantages and disadvantages provided by AR assistance in or-
thopedic surgeries. Materials and Methods: A systematic review of the current literature was performed
to find the state of knowledge and applicability of evolving AR in Orthopedic surgery. A systematic search
of the PubMed, Google Scholar and SCOPUS databases was performed by two independent reviewers up-
to November 2020. Recent news-updates till December 2020 were also added to the cumulative collected
database. The systematic review followed the Preferred Reporting Items on Systematic Reviews and
Meta-analysis (PRISMA) guidelines. Results: Initially 329 relevant studies (103 in Google Scholar, 145 in
PubMed and 81 in SCOPUS) were identified in all databases. After screening for relevant studies on the
basis of our inclusion and exclusion criteria, a total of 10 publications were included in the review as full-
text articles to which we added 3 recent news updates relevant to AR in orthopedics. The studies were
classified according to classification based on AR display technology. Conclusion: We found this system of
classification, easy-to-use and easy-to-comprehend from orthopedic view. It helps in better under-
standing the evolution of AR technology and its implementation in orthopedics. With the continuously
evolving AR technology and preparedness of integrating it in current traditional system, AR will assist
orthopedic surgeons in all subspecialties to endeavor complex interventions with enhanced safety, ac-
curacy and lower radiological exposure.
© 2021 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.

1. Introduction

Augmented Reality (AR)provides a state-of-art yet simplified
and comprehensive approach for medical education, surgical

planning and patient management. In AR, the visual information in
real space is enhanced by superimposing virtual objects with the
use of computer-generated cues(visual and haptic feedback), so the
operator can intuitively interact with both in real time.1 The po-
tential of AR is being harnessed in several fields of medicine,2

surgical workplace3,4 robotic surgery,5 neurosurgery6 endoscope
assisted microsurgery,7,8 pediatric surgery9,10 and obstetrics and
gynecology.11 The word AR and virtual reality (VR) are often used in
same context but they have contrasting differences. In VR, com-
puter generated simulations are used to create a virtual space
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different from reality. VR is utilized currently in gaming platforms
and academic purposes in different fields.12

Schmalstieg et al.13 classified AR technologies according to po-
sition of display system into 3 spaces, namely, head, body and
world. The Head space consists of wearable Head-Mounted Display
(HMD) such as HoloLens® and AR augmented operating micro-
scopes with Heads-Up Display (HUD) such as Pentero 900®. The
Body space include hand-held displays like smartphones and tab-
lets. The World space include displays located at a fixed point in
distant place like desktop monitors and projector-based displays.

Blackwell et al.14 and Nikou et al.15 gave the initial descriptions
of incorporation of AR in orthopedic Operating Room (OR)around
the year 2000. Over past two decades several preclinical studies
have stated that AR could enhance the accuracy and lower radiation
dose during the surgical procedures.16,17 In the field of orthopedic
traumatology, AR has been successfully assessed for placing K-
wires in plastic femur,18 placing guide wire for dynamic hip screw
implantation in simulation on femur bone models,19 for distal
locking in interlocking femur nails20,21 and tibial nailing,22 placing
percutaneous sacroiliac screws,23 thoracolumbar pedicle
screws24,25 in bone phantoms and cadaveric studies. AR based
navigation system is also evaluated in wrist arthroscopy,26 in
assessment of mechanical axis to determine the alignment of lower
limb27 and in ortho-oncology for tumor resection in animal fe-
murs.28 In terms of arthroplasty, AR based systems are explored to
improve accuracy of osteotomies in total knee arthroplasty (TKA),29

hip resurfacing,30 and pr�ecisedpositioning of acetabular cup during
total hip arthroplasty (THA).31,32

Recent studies have shown transition of AR technology from lab
models, bone phantom models, animal and cadaver studies into
clinical trials.33 However, there are few technological hurdles faced
by orthopedic surgeons with AR namely, intraoperative incoher-
ence in marker based registration which causes changes the posi-
tion of projected images over surgical field when soft tissue
disruption occurs during surgery34; masking of surrounding sur-
gically relevant structures leaving the scope of inadvertent errors
and complications in close proximity35; overcrowding of surgical
field with too many visual cues thereby hindering smooth surgical
experience36 and other issues pertaining to additional hardware
use causing motion sickness34 and metal markers causing skin
allergies.37

Our aim is to systematically review clinical studies published till
date and provide comprehensive view of evolving AR technologies
in orthopedic surgeries. We have also included recent news-
updates of AR in orthopedics which are promising successful out-
comes. We realized that AR is evolving with the success translating
from pre-clinical studies to clinical trials, but it has still many miles
to go. This technology has the propensity for further expansion and
may change the approach with which orthopedic ailments will be
perceived in future.

2. Materials and Methods

A systematic review of the current literature was performed by
two independent reviewers to find the state of knowledge and
applicability of Augmented Reality in Orthopaedic surgery. A sys-
tematic search of the following three databases was performed:
“PubMed”, “Google Scholar” and “SCOPUS”, up to 12th November,
2020 using the key words “AUGMENTED REALITY” AND (“OR-
THOPAEDIC” OR “ORTHOPAEDICS” OR “ORTHOPEDIC” OR “OR-
THOPEDICS”). The systematic review followed the preferred
reporting items on systematic reviews and meta-analysis (PRISMA)
guidelines (Fig. 1).

Inclusion criteria were: (1) studies in English language; (2)
minimum level III and above of Evidence using Oxford Centre for

Evidence-Based Medicine 2011 Levels of Evidence; (3) AR was used
in musculoskeletal surgery including patients as subjects, and (4)
applicability was reported.

Exclusion criteria were: (1) review articles, oral presentations,
case reports, animal trials and in vitro studies, cross sectional
studies; (2) non-English/German articles; (3) articles lacking an
available full-text; (4) AR was used outside of musculoskeletal
surgery such as in sports medicine. An eligibility screening using
titles and abstracts was performed with subsequent full-text re-
view after screening using the above criteria.

3. Results

Initially 329 relevant studies (103 in Google Scholar, 145 in
PubMed and 81 in SCOPUS) were identified in all databases. After
screening for relevant studies on the basis of our inclusion and
exclusion criteria, a total of 10 publications were included in the
review as full-text articles (Table 1). In the end, we further added
relevant news articles and recent updates pertaining to applica-
tions of Augmented Reality in Orthopedics. A total of 3 such news
articles were added (Table 2). A comprehensive review of these 13
studies were analyzed for advantages and disadvantages provided
by AR assistance.

4. Discussion

The potential of AR in orthopedics is being harnessed since
2000, when preclinical studies based on cadavers, bone phantoms
and models were being performed.15 From 2013 onwards, several
AR systems have been utilized in the clinical setting in orthopaedic
OR. We reviewed all the clinical studies in our database and clas-
sified them in a simplified manner according to AR interface uti-
lized. We used the Classification system described by Schmalsteig
et al.,13 where they divided the AR systems according to the
placement of the Display technologies into 3 Spaces, namely
“head,” “body,” and “world”. We found this system easy-to-use and
easy-to-comprehend from orthopedic view. It helps in better un-
derstanding the evolution of AR technology and its implementation
in orthopedics.

4.1. World space

� Camera Augmented Mobile C-Arm (CamC) AR system: In 1998,
Siemens developed a Camera Augmented Mobile C-Arm
(CamC). This device has an in-built camera in the C-Arm appa-
ratus. This device was used to superimpose C-Arm images over
the camera pictures of the patient and assisted in more accurate
approximation of the non-visible parts over the visible parts. In
2018, Von der Heide et al.,38 conducted an AR assisted study
with CamC system in orthopedic trauma surgeries. The X-ray
images were taken once by the C-Arm and then using the
camera projector system and visual markers which were
superimposed over the patient. Of the total of 73 surgeries
documented, 28were carried out using the CamC and remaining
45 using traditional C-Arm. They found that the radiation
exposure was reduced significantly and it was easy to integrate
the system into the traditional OR. They concluded that CamC
had a great potential in orthopaedic surgery. However, they also
stated one pitfall associated with the CamC system that the
overlay of X-ray image movement over operative field was
delayed whenever soft tissue manipulation was done during
surgeries. This was due to the fact that visual markers were
placed over skin.

� Augmented Reality Surgical Navigation system (ARSN): ARSN is
a new navigation system being utilized in spine surgeries. The
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navigation system was developed by Philips healthcare and
consisted of a surgical table digitally integrated with a ceiling-
mounted motorized C-arm with 2D/3D imaging capabilities
and a medical grade monitor where intraoperative imaging is
superimposed with the camera images. After initial cadaver
studies, Elmi-Terander et al.39 used ARSN technology in 21 pa-
tients to place 253 pedicle screws with high accuracy in
acceptable operative time. There were no major limitations to
the use of system except difficulty in obese patients. In another
study by the same authors,40 ARSN technology was compared

with free-hand fluoroscopy guided technique for pedicle screw
insertion. The proportion of clinically accurate screws was
significantly higher in the ARSN vs FH group (p < 0.05) and the
proportion of screws placed without a cortical breach was twice
as high in the ARSN group compared to the FH group
(p < 0.0001).

� Augmented Reality Computer Assisted Spine Surgery (ARCASS):
Wu et al.41 usedARCASS system for Percutaneous Vertebroplasty
(PVP) in three patients. The system was tested successfully on
preoperative 3D models, dummy patients and animal models

Fig. 1. Flowchart illustrating the selection of articles included in the systematic review.
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prior to using on real patients. It projects 3D images recon-
structed from preoperative CT scans onto patient during intra-
operative period via industrial camera and projector using the
Visible Patient tool® (Research Institute against Digestive Can-
cer, France). The procedure includes initially calibrating the
camera-projector with the metal markers using marker-based
registration system. The marker-based registration system
merges preoperative 3D images with intraoperative camera
views of patient which were projected on the patient. This
system was found to easy-to-use when judged with other
available computer navigation system. The surgeons achieved
high accuracy and marked reduction of surgical time and radi-
ation exposure in finding the suitable entry points.

Hu et al.,37 further verified the efficacy in terms of high accuracy,
lower operative time and reduced radiation exposure in case con-
trol study over 18 patients with 9 in each group. They concluded
that this system had an ergonomic advantage as the surgeon did
not have to shift focus from the projected image on the patient’s
body to the monitor as required in other AR navigation systems like
CamC and ARSN. However, they stated few limitations of system,
namely, first the use of metal markers which can cause skin allergy.
Second, the use of ARCASS systemwas only useful for identification
of bony entry point and has limited effect on the process of setting
trocar and cement injection. They highlighted the fact that real-
time fluoroscopy is must to check cement leakage which cannot
be replaced by any guidance or navigation system. Third, intrusion
into the line of sight while operating blocks the projected area.
Fourth, short working range (150e200 cm between the patient and
projector).

Yoon et al.42 commented that, use of head mounted devices in
place of projector to overlay the images onto surgical field in future
AR system will further enhance surgical experience by obviating
major limitations. In the same regard use of HMD AR smart glasses
(Caduceus® smart surgical glasses navigation system43) in ARCASS
system is under consideration.

4.2. Body space

� Depth camera with optical marker: This was one of the initial
systems which was used by Shen et al.44 in 2013. They used the
system for patient specific acetabular contouring of plates in
which they used basic tools such as a video camera, printed
optical markers and a desktop to create a lightweight AR system.
A virtual contoured plate was designed according to fracture
pattern over which the actual plate was constructed. This pre-
contoured plate with the use of light-weight AR system, was
implanted in patients. They reported decreased surgical time,
less invasive surgery and more accurate anatomical reduction.
They realized the importance of stereoscopic cameras and
HMD’s in enhancing the depth perception of the AR

environment and further reducing the difficulty of contouring.
This system required a preserved contralateral pelvis as a pre-
requisite for template design and hence, the system could not
be used in more complex trauma involving bilateral acetabular
fractures.

� Smartphone camera with QR code: Ogawa et al.45 developed an
AR-based portable navigation system where they used the
smartphone display for viewing functional pelvic plane and
placing acetabular cup during THA. They compared this system
with traditional methods in randomized control study involving
46 patients undergoing THA with 23 in each group. The incli-
nation and anteversion were measured by Vuforia®software-
based application (Unity and Vuforia SDK software, Unity
Technologies, San Francisco, CA, USA). Intraoperatively patient
specific QR codes were used to guide the cup placement. This
system resulted in using additional pins in ilium and increased
surgical time with no significant difference in
outcome(p ¼ 0.009 for radiographic measurement and p ¼ 0.02
for CT measurements). This also added to total cost of surgery
and hence not recommended in its present state by the authors.

4.3. Head space

� Augmented Reality with Heads Up Display Operating Micro-
scope: Carl et al.46 used HUD enabled operating microscope
Pentero® 900(Zeiss, Oberkochen, Germany) integrated with AR
to perform 42 spinal surgeries. They utilized low dose intra-
operative CT scans for automatic registration and nonlinear
registration system for integration of cumulative preoperative
data. The preoperative plan with specific targets and risk
structures was superimposed by AR technology with anatomical
mapping and additional manual segmentation into surgical field
visualized in HUD of microscope. They further enhanced AR
experience by using sequential video superimposition and
selectively highlighting area of interest. They stated that the use
of AR significantly improves anatomical orientation in the sur-
gical field and enhance surgical accuracy. They also acknowl-
edge the importance of AR as education tool for residents.

� Augmented Reality using wearable Head mounted Display
(HMD): The technical advancements have brought in a variety of
wearable HMD’s by several companies like Epson (MOVERIO®),
Google (Google Glass®), Microsoft (HoloLens®) and Vuzix
(Smart Glasses M400®). The use of such devices promises
intuitive and convenient use of Augmented Reality in surgical
field.

In 2013, Abe et al.47 used an AR construct called as VIPAR (VIr-
tual Protractor with Augmented Reality) which consists of head-
mount display (HMD) with a tracking camera and a marker sheet
for PVP in 5 patients. The system was first evaluated in 40 spine

Table 2
Under-study relevant recent literature on the clinical use of Augmented Reality in Orthopaedics.

Publisher name Year AR System used Subspecialty HMD used Purpose Remarks

Microsoft
Devices Blog49

February
2017

Stryker Hybrid OR’s General
Orthopaedics

Microsoft
HoloLens

An attempt at creating a smart AR
Integrated multipurpose OR

Work in progress

OrthoSpineNews50 December
2020

Pixee Kneeþ Arthroplasty Vuzix M400
Glasses

To provide real time navigation in a TKA
by displaying essential AR information
in the operating field.

FDA approval
awaited 40 successful TKA’s
performed till date

OrthoSpineNews51 December
2020

Medacta Next
AR Platform

Arthroplasty AR Smart
Glasses

To visualize the structures of the knee
and track progress in real time directly
on the operative field, without having
to view the screen, providing better
ergonomics.

FDA approved Used AR
augmented Infrared Tracking
system for TKA in the USA.
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phantom models to check for viability and accuracy. The system
utilized preoperative CT scans to plan the needle trajectory, and
project it in surgical field to using AR technology to guide needle
insertion. They found that the insertion angle precision was better
with AR assistance than with free hand technique. However, the
major fallback of this system was absence of intraoperative regis-
tration of AR system and hence, it could not adjust for postural
difference and patient’s intraoperative movement; neither it can
assist significantly in complex anatomy like scoliosis.

Ponce et al.48 in 2014, demonstrated the use of Google Glass®
assisted AR system to remotely assist shoulder arthroplasty. They
conducted a study inwhich they used a novel surgical technique for
Shoulder arthroplasties where a remote surgeon was able to guide
the intraoperative surgeon in real timewith the use of Google Glass.
The system has important skill training implications. However,
further research is warranted to gather more evidence.

� Studies in-process- AR in Orthopaedics:

Stryker® in association with Microsoft HoloLens® are further
developing hybrid ORs.49 They are bringing the latest Augmented
Reality systems in the field of orthopaedic surgery and have made
promising claims. However, the validation of such techniques will
be decided in future as more proper studies are conducted. In AR
assisted arthroplasty, Pixee® Medical company has developed a
Knee þ AR system®50 using Vuzix M400® AR smart glasses. More
than 40 Total Knee Replacement surgeries have been done in
Europe using this technique. The system provided real time navi-
gation throughout surgery, displaying essential AR information in
the surgeon’s field of view. More recently, Medacta® developed an
FDA approved AR system known as NextAR™ TKA51 which utilizes
a preoperative CT scan of the patient’s knee for surgical planning
and AR augmented smart glasses with infrared tracking system
during the surgery. The initial results are promising, but further
studies and documentation are yet to be published.

5. Conclusion

The ability of AR devices to superimpose objects (trajectory and
resection guides) and visual cues (soft tissue and bony anatomy) in
operative field, provide real time intuitive workflow system to
surgeons. It will assist orthopedic surgeons in all subspecialties to
endeavor complex interventions with enhanced safety, accuracy
and lower radiological exposure. With continuing technological
advancement in AR and preparedness of integrating it in current
traditional system, we hopemore satisfactory results for patients in
orthopedics.
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