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Abstract

Background The reverse total shoulder arthroplasty was

introduced to treat the rotator cuff-deficient shoulder. Since

its introduction, an improved understanding of the biome-

chanics of rotator cuff deficiency and reverse shoulder

arthroplasty has facilitated the development of modern

reverse arthroplasty designs.

Questions/purposes We review (1) the basic biome-

chanical challenges associated with the rotator cuff-

deficient shoulder; (2) the biomechanical rationale for

newer reverse shoulder arthroplasty designs; (3) the current

scientific evidence related to the function and performance

of reverse shoulder arthroplasty; and (4) specific technical

aspects of reverse shoulder arthroplasty.

Methods A PubMed search of the English language lit-

erature was conducted using the key words reverse

shoulder arthroplasty, rotator cuff arthropathy, and bio-

mechanics of reverse shoulder arthroplasty. Articles were

excluded if the content fell outside of the biomechanics of

these topics, leaving the 66 articles included in this review.

Results Various implant design factors as well as various

surgical implantation techniques affect stability of reverse

shoulder arthroplasty and patient function. To understand

the implications of individual design factors, one must

understand the function of the normal and the cuff-deficient

shoulder and coalesce this understanding with the pathol-

ogy presented by each patient to choose the proper surgical

technique for reconstruction.

Conclusions Several basic science and clinical studies

improve our understanding of various design factors in

reverse shoulder arthroplasty. However, much work

remains to further elucidate the performance of newer

designs and to evaluate patient outcomes using validated

instruments such as the American Society for Elbow Sur-

gery, simple shoulder test, and the Constant-Murley scores.

Introduction

The term ‘‘cuff tear arthropathy’’ (CTA) was first coined by

Neer et al. in 1983 to describe patients with massive rotator

cuff tears in addition to various structural changes in the

glenohumeral joint [50] (Fig. 1). Since his original

description of CTA, various investigators have documented

that rotator cuff dysfunction leads to a wide spectrum of

glenohumeral joint disease (Fig. 2) [12, 17, 18, 20]. Neer

et al. advocated hemiarthroplasty as the initial surgical

treatment [51]. However, subsequent published literature

revealed hemiarthroplasty for CTA had unpredictable and

often poor function based on low American Society for

Elbow Surgery, simple shoulder test, and Constant-Murley

scores [12, 20, 50, 51, 55, 57, 66, 67].

Reverse design total shoulder arthroplasty was devel-

oped to address the need for a treatment with better and

more predictable function for CTA. Initial devices were

constrained and had high rates of clinical failure, mostly

from component loosening [2, 54]. These early failures led
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to the development of a semiconstrained prosthesis by

Grammont and Baulot in 1985 [29]. Over time, this was

subsequently modified and evolved, in 1991, to the Delta

III prosthesis (DePuy International Ltd, Warsaw, IN)

(Fig. 3) [28]. A 2-year followup study on his initial group

of patients demonstrated decreases in pain and improve-

ment in function [28]. Similar findings were reported by

Boulahia et al. in their series of 16 patients [8].

The Delta III was designed to transfer the center of

rotation of the humerus medially and to lengthen the

humerus. In theory, this would tension the deltoid and allow

for compression between the humerosocket and gleno-

sphere, thus stabilizing the prosthetic articulation. Further-

more, medializing the glenoid center of rotation could

allow for enhanced recruitment of deltoid muscle fibers,

which would allow for a more efficient deltoid lever arm

[53]. Additionally, it was believed that a humeral center of

rotation located as close as possible to the bone-glenosphere

junction would decrease baseplate loosening [6].

Despite the clinical improvements seen with the

Delta III [29], several mechanical problems remained.

First, scapular notching reportedly occurs in between 44%

and 96% of cases [6, 7, 42, 61, 63, 65]. Second, the device

was associated with limited external rotation, often

requiring muscle transfers for improvement [4, 5, 19, 27,

28, 64]. Finally, by medializing and moving the humerus

distally, patients noted a loss of the normal deltoid contour

leading not only to cosmetic concerns, but decreased del-

toid efficiency resulting in a prosthesis with less inherent

stability [26]. Recognition of these problems led to clinical

and basic science studies aimed at improving the surgical

technique and design of reverse shoulder arthroplasty.

In this article, we review (1) the basic biomechanical

challenges associated with the rotator cuff-deficient

shoulder; (2) the biomechanical rational for newer designs

aimed at reducing complications related to reverse shoulder

arthroplasty; (3) the current scientific evidence related to

the function and performance of reverse shoulder

arthroplasty; and (4) specific technical aspects of reverse

shoulder arthroplasty, including glenoid baseplate fixation,

glenoid component position, glenohumeral stability, gle-

nohumeral ROM, and muscle function about the shoulder

treated with a reverse prosthesis.

Methods

We conducted a PubMed search of the English language

literature published between 1974 and 2010 using the

following key words: reverse shoulder arthroplasty

(128 results), rotator cuff arthropathy (2033 results), and

biomechanics of reverse shoulder arthroplasty (12 results).

Fig. 1 True AP (Grashey view [46]) of a shoulder with cuff tear

arthropathy is shown. The film demonstrates glenohumeral arthritis,

superior glenoid wear, proximal humeral migration, and acetabular-

ization of the acromion.

Fig. 2 This figure demonstrates

the wide spectrum of disease that

can be seen in rotator cuff tear

arthropathy.
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These articles were reviewed for exclusion and cross-

referenced to discard repeated references. Review articles

and those outside the scope of reverse shoulder arthroplasty

were excluded, leaving the 66 articles cited in this review.

Shoulder Biomechanics: The Basics of Normal

and Cuff-deficient Shoulders

A key concept describing the mechanics of the normal

shoulder relates to concavity-compression [48]. In general,

Matsen et al. described this concept as a ball sitting in the

concavity of a table [50]. The greater the depth of the

concavity, the greater a displacing force must be to dis-

lodge the ball for a given compressive load (Fig. 4). In the

normal shoulder, the rotator cuff muscles provide the

compressive load. This is lost in the rotator cuff-deficient

shoulder, leading to instability resulting from unbalanced

muscle forces in the glenohumeral joint [6, 14, 17, 21].

A second biomechanical point proposed by Matsen and

Lippitt is the concept of the glenoid center line [49]. In a

normal glenoid, the center line represents a line perpen-

dicular to the articular surface of the glenoid and directed,

on average, approximately 10� posterior (retroverted) to the

plane of the scapula (Fig. 5A–B). The center line serves as

the pillar under which the humeral head rests; glenohu-

meral and scapulothoracic motion are coupled to maintain

the center line beneath the humeral head throughout the

shoulder’s ROM. In the rotator cuff-deficient shoulder,

unbalanced muscular forces disrupt this relationship. This

mechanical alteration can lead to pathologic wear patterns

Fig. 3 This figure shows the

Delta 3 reverse arthroplasty.

Fig. 4 This artist rendition uses billiard balls to explain concavity-

compression. Deeper concavities require a larger displacing force for

a given compressive load. Reprinted with permission from Chapter 8,

Principles of glenohumeral stability. In: Matsen F, Lippitt S, eds.

Shoulder Surgery: Principles and Procedures. Philadelphia:

WB Saunders; 2003, Fig. 8-5.

Fig. 5A–D (A) This computer model demonstrates the anterior view

of the glenoid center line. (B) This computer model demonstrates the

inferior view of the glenoid center line. (C) This computer model

demonstrates the anterior view of the alternate center line along the

scapular spine. (D) This computer model demonstrates the inferior

view of the alternate center line along the scapular spine.
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on the glenoid consisting of a spectrum of disease from no

wear to superior, inferior, anterior, posterior, or global

wear [25]. Abnormal wear patterns are likely the result of

the altered biomechanical and biochemical environment of

the cuff-deficient shoulder and often appear in eccentric

patterns [17, 50, 62]. Recognizing these patterns can assist

in proper preoperative planning. Ideally, the glenoid com-

ponent is placed along the glenoid center line. However, in

some cases with glenoid bone loss, component placement

in this plane is not possible. In cases of severe or eccentric

glenoid wear, a stable baseplate fixation can only be

achieved by placing the component along the alternate

glenoid center line (Fig. 5C–D) [25]. This alternate center

line is defined as a line aiming at the dense bone where the

scapular spine meets the body of the scapula and is not

necessarily perpendicular to the remaining glenoid face.

Understanding the center line in the cuff-deficient shoulder

with little glenoid wear can provide excellent fixation for

the glenoid baseplate in reverse arthroplasty; knowing what

glenoid wear patterns make the center line unusable allows

surgeons to compensate for bone loss by achieving ade-

quate fixation along the alternate center line.

A third important alteration from normal shoulder

mechanics seen in the cuff-deficient shoulder involves the

concept of impingement. This can occur between the

greater tuberosity and the acromion and lead to acromial

erosion or ‘‘acetabularization.’’ In patients who have lost

the dynamic stabilizers of the rotator cuff muscles, the

humeral head migrates superiorly and leads to abutment

underneath the acromion (Fig. 1). In these cases, use of a

fixed-fulcrum prosthesis such as a reverse prosthesis can

neutralize this dynamic instability.

Total Joint Arthroplasty: The Basics

Basic principles of total joint arthroplasty, learned mostly

from the total hip literature, can provide a conceptual

framework to improve understanding of reverse shoulder

arthroplasty. The key concepts relate to component fixation

and prosthetic impingement.

Fixation in total joint arthroplasty has undergone con-

siderable changes since Charnley introduced the THA.

Initial implants were fixed with cement, which provides an

initial stable prosthetic attachment by acting as a grout.

Over time, the concept of osteointegration was introduced.

In this case, various implant surface characteristics can be

used to allow bone ingrowth or ongrowth to the prosthesis;

this could theoretically provide a longer lasting attach-

ment and a decreased incidence of mechanical failure.

Osteointegration requires initial stable attachment of the

prosthesis to the bone with micromotion at the bone-

prosthetic interface of less than 150 lm and a surface with

properties to allow osseous healing [40]. These properties

depend on the type of coating used, the porosity of the

material (typically 65%–80% for most orthopaedic appli-

cations), and the surface roughness of the coating [3].

Currently available reverse shoulder designs use a com-

bination of cement for diaphyseal fixation of the humeral

component and a proximal coating for metaphyseal osseo-

integration (Table 1). Although previous work on humeral

stem fixation in an anatomic stem suggested both proximal

and fully cemented humeral stems offer decreased micro-

motion and enhanced rotational stability when compared

with a press-fit technique [37], the humeral component of the

reverse shoulder arthroplasty may behave differently.

Glenoid fixation in reverse arthroplasty universally uses

cementless techniques (Table 1). The goal on the glenoid

side is to prevent micromotion and allow for bony

ongrowth to decrease glenoid failure rates. Often, this is

achieved by the basic AO principles of bone healing:

compression and neutralization. Compression is achieved

through either a central axis screw or peripheral unlocked

screws. Once the baseplate is properly compressed to the

glenoid bone, forces can be neutralized with locking

screws, thereby minimizing micromotion [36].

Table 1. Manufacturers, humeral stem coating, and type of offset in reverse shoulder arthroplasty implant designs

Manufacturer (location) Humeral stem porous coating Type of offset

DJO RSP (Vista, CA) Very light None and lateral

Zimmer Anatomical (Warsaw, IN) Very light None and inferior

Exactech Equinox (Gainesville, FL) Very light Inferior

Affinis Inverse (Switzerland) Very light Inferior

Universal Arrow System (Heimsbrunn, France) Very light None and lateral

Lima SMR (Udine, Italy) Heavy None and inferior

Zimmer Trabecular (Warsaw, IN) Heavy None

Biomet Comprehensive (Warsaw, IN) Heavy None, lateral, and inferior

DePuy (Warsaw, IN) None None and inferior

Tornier Aequalis (Edina, MN) None None

Volume 469, Number 9, September 2011 How Reverse Shoulder Arthroplasty Works 2443

123



Positioning of the components in total joint arthroplasty

is important for several reasons. First is to avoid instability

by providing patients with a functional ROM within their

native range [13]. Second is positioning can help avoid

impingement. Impingement is a cause of polyethylene wear

and component failure after THA [47]. Impingement

between the humerosocket and the inferior lateral scapular

pillar occurs in reverse shoulder arthroplasty and can lead

to scapular notching, which is associated with inferior

scapular wear, osteolysis, and polyethylene wear [54].

Impingement in reverse arthroplasty may also contribute to

prosthetic instability [16], unexplained pain [59], and long-

term prosthetic loosening [59]. Finally, component position

is important to restore the function of the surrounding

musculature of the joint. In THAs, malposition is one

reason for postoperative dislocation [16]; these concerns

are also present in reverse shoulder arthroplasty.

Glenoid Baseplate Fixation

To achieve secure fixation to the glenoid, it is important

that the baseplate be well-fixed to the highest quality bone

available. Failure at the glenoid baseplate has been attrib-

uted to the inability of the baseplate fixation to overcome

the forces imparted to the interface before adequate bony

ingrowth [23]. Chebli et al. emphasized the importance of

glenoid fixation and peripheral screw placement into the

highest quality glenoid bone stock [10]. This bone stock

can be found in the three major columns of scapular bone,

as described by Humphrey et al. They emphasize placing

peripheral screws into the base of the coracoid, the spine of

the scapula, or the scapular pillar [39]. However, as a result

of the varied spectrum of disease seen in CTA, these

optimal locations are not always readily available for fix-

ation. Furthermore, pathologic changes in the glenoid often

develop and may require alternate locations for baseplate

fixation [25].

Bone growth into or onto the prosthesis can provide

durable attachment of the component to the bone. To

achieve bony ingrowth using a cementless prosthesis, it is

important to minimize micromotion to less than 150 lm

[40]. Hopkins et al. noted micromotion between the base-

plate and glenoid could be decreased by increasing the

length, diameter, and inclination of the peripheral screws in

a reverse shoulder model [38]. Furthermore, they found

micromotion increases if the stiffness of the surrounding

bone decreases, as would occur in poor-quality or osteo-

porotic bone.

It is possible to apply the basic principles of bone

healing to enhance bony ingrowth to the baseplate. All

reverse designs advocate compression of the baseplate to

the glenoid bone. This compression can be established

by central axis or peripheral screws. For example, the

DJO RSP uses a central lag screw to facilitate com-

pression of the baseplate (Fig. 6), whereas the DePuy

Delta III establishes compression through a central post

and peripheral screws (Fig. 3). A biomechanical study

using force sensors beneath the baseplates was conducted

to evaluate the amount of compression achieved using

these two designs. A 10-fold difference was observed

between the DJO RSP (2000 N) and the Delta III

(200 N) [21]. Using a load-to-failure model, the central

screw design was compared with the central post design.

A 2.3-fold increase in load to failure was observed

between the central screw (629 N) and the central post

(269 N) [21]. Although these studies suggest stronger

fixation than the Delta III, early clinical studies using a

central 6.5-mm lag screw in combination with 3.5-mm

peripheral nonlocked screws for glenoid fixation showed

an initial high glenoid failure rate of approximately 10%

[23]. Further analysis of these failures using scanning

electron microscopy revealed a failure of bone ingrowth

between the baseplate and the glenoid bone. These early

clinical glenoid-sided failures prompted further analysis

of glenoid component fixation. In a study of construct

stiffness, Harman et al. evaluated different baseplate

constructs using locked (5.0 mm) and unlocked screw

(3.5 mm) combinations. Baseplates fixed with 5.0-mm

locked screws were observed to have 29% less micro-

motion than those fixed with 3.5-mm unlocked screws

[36]. A subsequent clinical study using locked 5.0-mm

peripheral screws found glenoid failure was reduced to

0.4% [14].

Glenoid Position

Positioning of the glenoid component is currently an area

of active research; the study of glenoid position may have

important consequences for maximizing the impingement

free arc of motion.

Fig. 6 The DJO RSP has a central 6.5-mm lag screw.
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Grammont and Baulot [29] believed glenoid failure was

related to the amount of shear stress across the glenoid

component and that simply medializing the center of

rotation of the glenosphere to the glenoid face would dra-

matically reduce this stress [6]. However, initially there

was no information available to guide surgeons in posi-

tioning of the baseplate on the glenoid in a way that could

best minimize these shear stresses. Understanding of how

component position can alter glenoid survival was not

appreciated until later. While analyzing the initial failures

of lateral offset reverse arthroplasties implanted with

3.5-mm unlocked peripheral screws, it became apparent

that they shared a common radiographic appearance of a

superiorly tilted glenosphere [24]. This was not surprising,

because patients initially treated with reverse shoulder

arthroplasty often had superior glenoid wear, and base-

plates were thus often implanted at the native glenoid

inclination, superiorly tilting the component. Comparing

different glenosphere implantation angles (15� of superior

tilt, 15� of inferior tilt, and neutral tilt), Gutierrez et al.

demonstrated inferior tilting the glenosphere 15�, by pref-

erentially reaming the inferior glenoid, resulted in the most

uniform compressive forces and the least amount of tensile

forces and micromotion [32].

In a subsequent study, Gutierrez et al. investigated the

forces at the baseplate-bone interface for three different

glenosphere designs (concentric, lateral eccentric, and

inferior eccentric) placed in three different positions

(superior tilt, neutral, and inferior tilt) (Fig. 7) [35]. Using

computer simulation, the authors showed a predictable

pattern of forces at the baseplate-bone junction corre-

sponding to the type of offset used and tilt of the glenoid

(Fig. 8A–C). The most uniform distribution of forces

occurred with a lateralized or concentric center of rotation

placed in inferior tilt; the most nonuniform distribution of

forces occurred with either a concentric or lateral center of

rotation placed in superior tilt. Those glenospheres with

inferior offset demonstrated more nonuniform forces

beneath the baseplate when placed in inferior tilt as

opposed to neutral or even superior tilt.

Stability

Instability is common after reverse prosthesis with rates of

dislocation reported as high as 30% using the Grammont

design [15]. Several factors contribute to postoperative

instability: soft tissue tension, glenosphere diameter, hum-

eral-socket constraint, impingement, and axillary nerve/

deltoid function.

Restoring anatomic soft tissue tension can be achieved

through a variety of prosthetic design and surgical technique

factors (Table 2), each of which can help to retension the

muscular envelope around the shoulder. Boileau et al. noted

soft tissue can be tensioned with a Grammont-style device,

but the vector of pull is no longer in an anatomic plane once

the humerus is substantially elongated [6]. In fact, designs

that medialize the center of rotation can place a distracting

force on the humeral component in the case of glenoid bone

loss, increasing the propensity of dislocation (Fig. 9A–B)

[52]. An alternative method of improving stability of the

reverse shoulder arthroplasty is by lengthening the humerus

(Table 2) [6]. However, this is not without cost. Increasing

humeral length carries the additional risk of acromion stress

fracture, brachial plexopathy, deltoid overtensioning, and

loss of motion. An increase in compressive force across the

glenohumeral joint can also be achieved by increasing the

glenoid tuberosity distance (Table 2). Potential problems

with increasing the glenoid tuberosity distance may include

greater component or bony impingement.

Gutierrez et al. evaluated several factors of prosthetic

design, including the compressive force on the prosthesis,

the prosthetic socket depth, and the glenosphere size and

how these related to dislocation [32]. They found a

Fig. 7A–C (A) The figure shows the progression of joint forces

throughout abduction for the concentric glenosphere. (B) This figure

shows the progression of joint forces throughout abduction for the

lateral eccentric glenosphere. (C) This figure shows the progression of

joint forces throughout abduction for the inferior eccentric gleno-

sphere. Reprinted with permission from Gutiérrez S, Walker M,

Willis M, Pupello D, Frankle M. Effects of tilt and glenosphere

eccentricity on baseplate/bone interface forces in a computational

model, validated by a mechanical model, of reverse shoulder

arthroplasty. Figure 5. J Shoulder Elbow Surg. 2011 Jan 31 [Epub

ahead of print].
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hierarchy of importance among these factors; the most

important parameter for achieving stability was increasing

the compressive forces on the prosthesis followed by

humerosocket depth. Furthermore, they developed a

Fig. 8 This figure shows the effect of different forces at the baseplate-bone interface.

Table 2. Surgical and implant factors that can help restore soft tissue

tension

Prosthetic factors

• Varying glenosphere offset and size

• Different humeral neck-shaft angles (a varus or valgus component)

• Varying thickness of humeral inserts

Surgical factors

• Altering the level of the humeral osteotomy

• Offsetting placement of the humerosocket

• Changing placement of the glenosphere

Techniques to restore soft tissue tension by lengthening the humerus

• Placement of the glenosphere with inferior translation

• Placement of the glenosphere with inferior tilt

• Using an inferiorly eccentric glenosphere

• Using a larger glenosphere with inferior overhang

• Using a valgus humeral neck shaft angle

• Humeral augments

Techniques to restore soft tissue tension through compressive force

across the glenohumeral joint

• Placement of glenosphere with lateral offset

• Using a varus humeral component

• Translating humeral component so the intramedullary stem is lateral

to socket

Fig. 9A–B (A) Devices with lateralized centers of rotation allow

the proximal pull of the deltoid to pull the humerus toward the

glenosphere, thus increasing the compression and stability of the

implant. (B) Devices with medialized centers of rotation allow

the deltoid to place a distraction moment on the prosthesis and

increase the propensity for dislocation.
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mathematical model based on the mechanical data that

were collected and validated that a critical determinant in

translational stability was the relationship of the diameter

of the socket to the diameter of the sphere [30]. They called

this the D/R ratio (diameter of the sphere/the radius of the

humerosocket). The model suggested that devices with an

increased D/R ratio have more inherent stability, or, for the

same size ball, a deeper socket would be more stable.

Ultimately, this is a matter of constraint; a deeper

humerosocket concavity means a more constrained device

that is harder to dislocate [1, 41]. The essence of the

D/R ratio rests in the basis of the theory of concavity-

compression [48]. In the native shoulder, Matsen and

Lippitt discussed the balance stability angle; this is the

maximum ‘‘angle that the net force on the humeral head

forms with the glenoid center line before dislocation

occurs’’ [49]. They used this angle to calculate the stability

ratio: the ratio of the translational force on the humerus to

the compressive normal load on the humeral head

(Fig. 10). Problematic to prostheses with a deeper socket,

however, is a decreased impingement-free arc of motion, as

shown by Gutierrez et al. [34].

Range of Motion

A patient’s shoulder function after reverse shoulder

arthroplasty relates to the interaction of soft tissue tension,

residual muscle function, and the potential motion provided

by the prosthetic design used. With many prosthetic

designs, the medial aspect of the humeral socket impinges

on the inferior glenoid neck or scapular body; this often

occurs in the resting position with the patient’s arm at their

side in adduction and results in scapular notching.

Several authors have suggested an adaptation of surgical

technique as a method of avoiding the adduction deficit. This

involves positioning the baseplate more inferiorly on the

glenoid [42, 53]. Nyffeler et al. studied the effects of dif-

ferent glenoid positions on impingement and ROM and

found that inferior placement of the glenosphere had a major

effect in improving adduction and abduction ROM [53].

Similar findings were reported by Chou et al., who showed

eccentric glenospheres with larger diameters can improve

impingement-free ROM [11]. Additionally, Roche et al.

found that modification of the Grammont prosthesis by dis-

talizing the glenoid and increasing the glenosphere thickness

improved impingement-free ROM arc from 59� to 109� [56].

Other factors contributing to scapular notching were

evaluated by Gutierrez et al. [30]. Using a virtual model,

they determined that the factor that helped to best avoid an

adduction deficit was a varus humeral neck-shaft angle

(130�); next was using an inferior placement of the glen-

osphere, then a 10-mm lateral offset glenosphere, then

inferiorly tilting the glenosphere, and finally using a larger

glenosphere size.

In the same study, Gutierrez et al. used computer sim-

ulation to assess different combinations of surgical and

implant-related factors when moving the humerus from 0�
of abduction to impingement. The authors found the most

important factor for maximizing impingement-free ROM

was using a glenosphere with a center of rotation lateral to

the glenoid. Additionally, Gutierrez et al. characterized the

ability of available reverse arthroplasty designs to maxi-

mize arc of motion [33]. Using abduction of the humerus in

the scapular plane, a linear correlation was found between

abduction ROM and center of rotation offset relative to the

glenoid; as center of rotation is lateralized, the ROM in

abduction increased.

Maximizing impingement-free arc of motion is not only

important in achieving ultimate ROM, but it may play a

critical role in the survivability of the implant. Simovitch

et al. found that the presence and size of a notch negatively

correlated with Constant score, subjective shoulder value,

active flexion, and active abduction [61]. Furthermore,

Sirveaux et al. found that the presence of a notch in 50 of

77 cases not only had a significant impact on the Constant

score, but in three of the cases, the glenoid component had

actually loosened [58].

Muscle Function: Loss of External Rotation Strength

Clinical studies of reverse shoulder arthroplasty using the

Grammont device repeatedly described pain relief and

Fig. 10 The balance stability angle. This represents the maximum

angle that the net force on the humeral head forms with the

glenoid centerline before dislocation. Reprinted with permission

from Chapter 9, Principles of the glenoid concavity. In: Matsen F,

Lippitt S, eds. Shoulder Surgery: Principles and Procedures.
Philadelphia: WB Saunders; 2003, Fig. 9-23.
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functional recovery, but a closer look revealed unreliable

improvement in external rotation [7, 18, 60, 63, 65]. The

altered anatomy often seen in cuff tear arthropathy

decreases the efficiency of contraction of the remaining

shoulder muscles and can explain the loss of external

rotation strength. Furthermore, evidence suggests those

patients who do not have improvements in external rotation

are less satisfied with their function [60].

In contrast to the rotation seen using the Grammont

device, return of external rotation using a prosthesis with a

lateral center of rotation was observed more consistently

[23]. The authors speculated that restoring the anatomic

placement of the humerus would improve tension of the

remaining rotator cuff muscles and hence provide for res-

toration of strength. They believed, in the setting of rotator

cuff deficiency, the unstable, proximally migrated humerus

prevents the remaining intact rotator cuff muscles from

properly functioning. By restoring stability to the joint and

tensioning the remaining muscles in a more anatomic

fashion, external rotation could be improved. Furthermore,

clinical studies have confirmed that restoring the lateral

offset of the humerus leads to an increase in external

rotation postoperatively in a variety of pathologic condi-

tions [9, 14, 22, 43, 44]. In addition, these authors believed

restoring muscle tension would also help restore the sta-

bility of the glenohumeral joint by increasing the

compression on the humerus, a factor that was compro-

mised with medialization and hence slackening of those

rotator cuff muscles.

For patients with severe preoperative external rotational

deficits, latissimus dorsi and teres major transfers can be

beneficial [4, 5, 19, 27, 28, 64]. Gerber et al. speculated the

absence of the teres minor was predictive of external

rotational weakness and advocated transferring motor

units, specifically the latissimus dorsi, to help restore

rotational strength [19, 27, 28]. Boileau et al. also

described a modification of the latissimus/teres minor

tendon transfer to help improve rotational strength [4, 5].

Finally, Grammont has speculated the posterior deltoid

could be recruited after reverse total shoulder arthroplasty

to help improve rotation, but there remain little bio-

mechanical data to support this speculation [29].

Discussion

The reverse total shoulder arthroplasty was introduced to

better treat patients with rotator cuff-deficient shoulders.

An improved understanding of the biomechanics of rotator

cuff deficiency and design features of reverse shoulder

arthroplasty has facilitated the evolution of reverse

arthroplasty designs. The purposes of this article were to

review (1) the biomechanics of the rotator cuff-deficient

shoulder; (2) the biomechanical rational for newer reverse

shoulder arthroplasty designs; (3) the current scientific

evidence related to the function of reverse shoulder

arthroplasty; and (4) specific technical aspects of reverse

shoulder arthroplasty.

The limitations of this review relate mostly to the lim-

itations in the information provided in the particular studies

evaluated; readers should understand this point so conclu-

sions are not overstated. Each article included has its own

limitations related to the methodologies, which were used

to reach the authors’ conclusions; for example, (1) some

were basic science studies with no clinical studies to cor-

relate; (2) some were small patient series; and (3) some had

short clinical followup. The most effective way to improve

treatment methods is to combine basic science research

with well-designed clinical outcome studies to evaluate the

effectiveness of the various available designs.

To gain insight into the rotator cuff-deficient shoulder,

reviewing the function of the normal shoulder is helpful.

Several concepts related to the stability of the normal

shoulder come from Matsen’s theories of concavity-com-

pression and glenoid center line [45, 48, 49]. These theories

form the basis for understanding how the reverse shoulder

arthroplasty is stabilized. Initial studies evaluated the sta-

bility of the reverse design based on the depth of the

humerosocket and the size of the glenosphere as well as

proper tensioning of the deltoid [7, 25, 32, 54]. However, in

a later study, Gutierriz et al. illustrated the importance of

other variables such as glenosphere placement, tilt, and

offset as well as the humeral neck-shaft angle [34]. From

these data it is clear that stability involves a complex

interplay of both implant design-related factors and surgi-

cal implantation-related techniques. Both can be exploited

to achieve improved stability depending on the clinical

situation at hand. Future studies should focus on elucidat-

ing the effects of these various implant and technique

factors to deal with different clinical scenarios, for exam-

ple, a study designed to clarify the effectiveness of various

glenoid offsets or bone graft techniques in the setting of

glenoid bone loss.

Evolution in implant design is driven by the manu-

facturers who create different implants, but it is

mandatory that these advances be adequately studied in

both the laboratory and in clinical practice. For example,

basic science studies have shown designs with a central

screw have more compression and improved load to

failure between the baseplate and the remaining glenoid

bone than those with a central peg [21, 36]. Although this

may be true, a more useful study design would focus on

threshold levels for glenoid baseplate-bone compressive

forces and loads to failure so that each device available

on the market can be tested to ensure it meets these

minimum requirements.
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Other areas where further research is needed relate to

glenosphere position. Several devices are available on the

market (Table 1) with varying offsets. Manufacturers have

advocated placing these glenospheres in different positions

and in different angles of inclination on the glenoid, but

little data exist evaluating the effects of these varying

configurations. The little data available [31] suggest posi-

tioning of varying offset components in certain tilt angles

on the glenoid may lead to a more uniform force distri-

bution at the baseplate-bone junction, but better

understanding could be obtained in the future with care-

fully designed clinical studies evaluating the survivorship

of these different glenosphere designs based on the tilt in

which they were placed.

Finally, the application of biomechanical principles to

the design of reverse arthroplasties should work to benefit

the patient. Studies suggest various implant and surgical

techniques can maximize impingement-free ROM for

patients; for example, moving the glenosphere inferiorly

and distally [44, 55, 56], using eccentric glenospheres [11],

and using lateral offset and a more varus humeral neck-

shaft angle [23] are all available to the surgeon.

The currently available literature relating to the biome-

chanics of the rotator cuff-deficient shoulder and the

reverse shoulder arthroplasty tend to support the following:

first, using a central lag screw to increase the compression

at the baseplate bone junction; second, using devices with

centers of rotation closer to the anatomic center of rotation

(lateral offset), because this improves not only ROM and

external rotation strength, but may retension the remaining

cuff musculature and lead to a more stable prosthesis; third,

using a more varus (and hence, closer to anatomic) neck-

shaft angle, which may reduce notching and the potential

problems associated with this complication; and finally,

implanting the glenoid component in positions that best use

the particular system being used. Although the details of

this final point are still being worked out, the literature

supports that when using a device with a lateral offset,

clinical failures are lower when the glenosphere is placed

in slight inferior tilt [14].
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