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A cadaver model was used to test the hypothesis that glenohumeral joint stabi/i!y is 
independent of articular surface conformity aher total shoulder arthroplasiy. For the 
purposes of this study joint stability was defined as the minimum force required for 
joint dislocation. After arthroplasty components were implanted into fresh-frozen 
glenohumeral joints, specimens were mounted on a load frame and tested for joint 
stabilify. for each specimen the amount of conformiiy between the articular surfaces 
was varied from 0 to 5 mm by changing the humeral head radius of curvature. 
Because the glenoid component was not changed, the wall height, or joint 
constraint, was maintained constant for a given specimen. Variations in joint 
conformity changed dislocation forces by an average of only 3%. These small 
differences are not believed to be clinically relevant, indicating that design changes 
affecting the joint conformiiy of a total shoulder arthropkasty system will not 
significant/y affect glenohumeral joint stabiliv, assuming that all other factors remain 
constant. I./ SHOULDER ELBOW SURG 7 997;6:506- 7 I .) 

The reported incidence of glenohumeral instability 
after total shoulder arthroplasty varies, ranging 
from 0% to 22%.‘* Clinically, joint instability may 
be related to implant design and surgical tech- 
niques including component alignment and soft 
tissue balancing and repair.13 Instability may result 
shortly after implantation or may develop over time 
as a result of component damage.’ 2, ’ * Short-term 
complications from instability include loss of shoul- 
der function and pain. ” Long-term complications 
may involve consistent superior translation of the 
humeral head component especially in those pa- 
tients with damaged rotator cuff~.~ This translation 
may be associated with an increased incidence of 
glenoid component loosening.3 

Two design parameters of a total shoulder ar- 
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throplasty system have been proposed as factors 
affecting glenohumeral joint stability: joint confor- 
mity and joint constraint. Whereas joint conformity 
relates to the relative radius of curvature between 
the two articulating surfaces, joint constraint relates 
to the wall height of the glenoid component. With 
the birth of modern total shoulder arthroplasty in 
the 197Os, two distinct designs were proposed. 
One design replaced the natural anatomy with a 
very shallow glenoid component (Figure 1, A). It 
was postulated that this so-called unconstrained 
implant would reproduce the humeral head trans- 
lations of the natural joint.8* 14, l9 An alternate 
design involved creating a deeper socket for the 
glenoid component not unlike the acetabulum of 
the hip joint (Figure 1, B). This so-called con- 
strained implant was designed to prevent joint 
dislocation by restricting humeral head transla- 
tions.9, I5 

Although the amount of constraint (wall height) 
of these early implants varied, all were considered 
conforming designs because the radius of curva- 
ture of the glenoid and humeral head components 
was the same (Figure 1, A, 6). Some recently 
introduced unconstrained arthroplasty systems in- 
corporate a glenoid component that has a greater 
radius of curvature than its mating humeral head 
component (Figure 1, Cj. The rationale behind 
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these so-called nonconforming implants is to repro- 
duce natural glenohumeral kinematics more accu- 
rately than traditional conforming implants. 

Several investigations have studied the effects of 
conformity and constraint on glenohumeral joint 
stability in a cadaver model. These studies mea- 
sured the minimum force necessary for joint dislo- 
cation. Fukudla et al.4 found that the resistance to 
subluxation iocreased with increased component 
curvature. Although this curvature was not defined, 
it is presumed to represent the glenoid arc length, 
or the constraint of the component. With a similar 
model Severt et al.16 studied the effects of both 
joint constraint and joint conformity. The latter term 
refers to the relative radii of curvature of the 
glenoid with’ respect to the humeral head compo- 
nent. like Fukuda et al., they concluded that higher 
joint constraiint leads to higher subluxation forces. 
They also concluded, however, that higher joint 
conformity leads to higher subluxation forces.16 
This result is in contrast to rigid body modeling of 
the glenohumeral articulation, which predicts that 
joint stability is independent of joint conformity.6 

The goal of this study was to test the hypothesis that 
joint stability, or dislocation force, is independent of 
joint conformity. Experiments were conducted on an 
MTS load frame (MTS Systems Corp, Minneapolis, 
Minn.) with cadaver specimens implanted with ar- 
throplasty components. To eliminate any confound- 
ing effects of /oint constraint, this parameter was held 
constant throwghout the experiments. 

MATERIAL /AND METHODS 
Seven fresh-frozen human glenohumeral joints 

(mean age 72 years, range 54 to 88 years) were 
obtained from a previous study of implant kinemat- 
ics.’ Each glenoid was obtained from a separate 
cadaver andi was implanted with a keeled glenoid 
component with a nominal radius of curvature of 
25 mm. All muscles and ligaments were stripped 
from the specimen, and the humerus was dis- 
carded. The1 scapula was cut at the level of the 
scapula notch, and the acromion was also re- 
moved. The /specimen was potted with Bondo car 
body filler (Dynatron/Bondo Corp., Atlanta, Ga.) 
in a metal cylinder with a 3-inch outer diameter. To 
reduce specimen bending the scapula was potted 
to the level of the glenoid neck. 

A 1.5-inch diameter aluminum cylinder was 
machined with a reverse Morse taper on one of its 
faces for attachment of humeral head components. 
This cylinder replaced the humerus in supporting 
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Figure 1 Total shoulder arthroplasty designs. A and B, 
OrI lnal conforming design. A, Standard unconstrained 
Imp ant with conformlng surfaces. B, Constrained implant 7 
(Increased glenold wall height), also with conforming 
surfaces. C, Unconstrained implant with nonconforming 
surfaces 

the humeral articular surface. Six modular humeral 
head components were used. These components 
had nominal radii of curvature of 25, 24, 23, 22, 
2 1, and 20 mm. In combination with the 25 mm 
radius of curvature glenoid component, this 
yielded a total of six articulations for each speci- 
men, with radial mismatches of 0, 1, 2, 3, 4, and 
5 mm. Each humeral head component was ori- 
ented so that the longitudinal axis of the taper was 
perpendicular to the face of the glenoid compo- 
nent, which represents a position of approximately 
45” of glenohumeral elevation in the scapular 
plane in neutral rotation. 

The stability testing apparatus consisted of a 
biaxial translation table mounted to the actuator of 
an MTS 312 load frame . This table allowed for 
translations orthogonal to the axis of the MIS 
actuator. The glenoid was clamped onto the table 
and aligned so that the medial/lateral and superi- 
or/inferior (SI) axes were in-line with the table 
axes, and the anterior/posterior (AP) axis was 
in-line with the actuator axis. The 1.5-inch alumi- 
num cylinder was clamped to the MTS load frame 
so that the humeral head components were in full 
contact with the glenoid component (Figure 2). 

AP translations were controlled by the MTS and 
monitored with an internal linear variable differential 
transformer (LVDT) and medial/lateral translations 
were unconstrained and monitored with an LVDT 
(Transicoil, Inc, Valley Forge, Pa.) mounted beneath 
the translation table. AP forces were measured by a 
load cell (Lebow, Troy, Mich.) that was fixed to the 
MTS frame above the humerus. A constant medial 
joint centering force was maintained during each test 
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Figure 2 MTS Experimental setup. Anterior/posterior 
(API translations were controlled by actuator, medral/ 
lateral (MI) translations were unconstrained, and superior/ 
inferior (S/j translations were constrained A, Schematrc 
representation of apparatus showing actuator axes and only 
one table axis shown. Other table axis (SI axis) has not 
been included in drawing for srmplicrty. B, Photograph of 
apparatus Wires shown in this picture were used for 
another study 

by means of a pulley and hanging weight system. 
Experiments were conducted with only 2 degrees of 
translation freedom, because all rotations and SI 
translations were constrained. 

The humeral head was centered in the glenoid 
cavity by adjusting the AP and SI translations until the 
head was in its most medial location, which repre 
sented the deepest portion of the glenoid socket. The 
table was locked for translations along the SI axis in 
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this position. The joint was translated posteriorly to its 
starting position, and a constant medial load (either 
10 N or 400 N) was applied with a hanging weight. 
An anterior translation was applied, followed by a 
posterior translation. The experimental protocol con- 
sisted of testing for both anterior and posterior stabil- 
ity with all six radial mismatches in a random order. 
For all specimens experiments were first performed 
with a 400 N medial load, which approximated half 
body weight, and were then repeated with a nominal 
load of 10 N. 

Although data from a single experiment provide 
a continuous measurement of the forcedisplace- 
ment relationship, only the maximum recorded 
transverse (anterior or posterior) force was used for 
data analysis. These values were used to calculate 
the stability ratio (maximum transverse force/me 
dial force) for each experiment, which serves as an 
indication of relative joint stability.4 

Systat 5.2 for the Macintosh (Systat, Evanston, 
Ill.) was used for statistical analysis.’ A repeated 
measure analysis of variance was performed with 
two within subject factors: radial mismatch (0 to 5 
mm) and medial load (10,400 N). The acceptable 
rate for a type I error was set at 5% (p = 0.05). 

RESULTS 
Changes in radial mismatch were found to have 

a dramatic effect on the transverse forcedisplace- 
ment curve. As the radial mismatch decreased so 
that a joint became more conforming, the force- 
displacement relationship became steeper (Figure 
3). The maximum force, however, appeared to 
remain constant. These patterns were observed in 
all specimens, at both force levels. 

The stability ratio at 400 N for all experiments was 
0.43 + 0.02 mm (mean f SD). This ratio increased 
to 0.51 ? 0.03 when the medial load was reduced 
to 10 N (p < 0.001). This increase was observed for 
each joint conformity tested (Figure 4). 

When the different joint conformities were ac- 
counted for, the mean stability ratio at 400 N ranged 
from 0.42 to 0.45 anteriorly and from 0.40 to 0.43 
posteriorly. At 10 N the range was 0.51 to 0.55 
anteriorly and 0.47 to 0.52 posteriorly (Figure 4). 
For all of these cases joint conformity was found to 
have a statistically significant influence on the stabil- 
ity ratio (p < 0.01, all cases). It can be observed, 
however, that these differences were small. For all 
four cases the average group deviance from its 
experimental group mean was 3%, and in no case 
did it exceed 7%. 
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DISCUSSlOt! 

Theoretic predictions indicate that the minimum 
force required for joint dislocation is independent 
of joint conformity, depending instead on the gle- 
noid radius of:curvature and wall height and on the 
coefficient of f f  riction between the articulations.6, ’ 7 
Altering joint conformity therefore should simply 
change the slppe of the force-displacement curve 
without changing the maximum force experienced. 
A less confor+ing joint is predicted to experience 
greater transl&ions for a given force. These calcu- 
lations assume that both the humeral head and 
glenoid com(yonents are rigid bodies. 

By varying’ head sizes for the same glenoid 
component, this study eliminated wall height and 
glenoid radius of curvature as variables. As pre- 
dicted, experimental results indicate that as joint 
conformity increases, the slope of the force-dis- 
placement curve becomes steeper (Figure 3). How- 
ever, componient conformity had a very small (3%) 
but statisticallj/ significant effect on the mean sta- 
bility ratio, or relative forces required for disloca- 
tion. The small observed difference may have been 
due to slight changes in the glenoid wall height 
resulting fromi the head not being perfectly cen- 
tered in the glenoid. Also, the mean stability ratio 
was less whei the 400 N medial load was tested, 
This effect is flresumably due to deformation of the 
polyethylene blenoid components. 

Fukuda et al.4 measured subluxation forces in 
components from various manufacturers. They re 
stricted their atnalysis and discussion to the issue of 
joint constraint, which is controlled by wall height 
and not by joipt conformity. They also reported that 
the minimum rlormalized forces required for disloca- 
tion were de&eased for high medial loads, which is 
in agreement ~ with this study. Severt et al.16 per- 
formed a similar study to that of Fukuda et al. but 
measured both joint conformity and constraint in the 
components t 
only one hea Lr 

y  were studying. Because they used 
size for each glenoid, they were not 

able to indepqndently control for changes between 
these two parbmeters. Subsequently, their analysis 
often combineti joint conformity and constraint, and 
their conclusidns made no distinction between the 
two. In contrast, this study varied only joint conformity 
and kept joint ionstraint a constant by using the same 
glenoid compqnent for multiple head sizes. 

Although th stability ratio is relatively indepen- 
dent of radi 

f  

I mismatch, less conforming joints 
experienced t ese forces at greater translations, as 
noted by the cirrves in Figure 3. Other definitions of 

8 Nominal Radial Mismatch [mm] 

5 F4 0.6 

I  1 I  I  I  
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Figure 3 Representative lots of transverse/medial 
loads versus transverse disp acement. Data are from one P 
s ecimen for all radial mismatches. Note that although 
s opes of curves are different, maximum values (stability P 
ratio) are the same. 

joint stability such as joint stiffness or energy for 
dislocation therefore might indicate a difference 
between joints with different conformities. How- 
ever, these definitions would probably be more of 
an indication of how joints behave for smaller 
translations not leading to joint dislocation. For 
example, because the contributions of glenohu- 
meral ligaments to joint stability tend to be greater 
at larger translations, lo by allowing more transla- 
tion nonconforming implants may help to distribute 
potentially harmful forces more evenly between 
component and ligaments. This may serve as a 
mechanism to help reduce component forces with- 
out sacrificing stability. 

Previous kinematic studies performed in our lab 
oratory have demonstrated that as prosthetic joints 
become less conforming, larger translations are 
observed during active joint positioning.7 The cur- 
rent study supports the concept that more transla- 
tion may be expected for less conforming articula- 
tions in cases where the translations do not cause 
joint subluxation such as active motions. However, 
despite offering less initial resistance to translation, 
less conforming joints offer the same resistance to 
joint dislocation as more conforming joints. This 
may explain why the kinematic study of Harryman 
et al.5 found no significant influence of joint con- 
formity on translations during passive motions, 
because the translations in that study were large 
enough to cause joint subluxation. 

To isolate the effects of joint conformity, no soft 
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Figure 4 Stability ratio as a function of radial mismatch. Data are for medial loads of 400 N 
and 10 N. Data are shown as mean 2 SD for A, anterior translations and B, posterior translations. 

tissues were included in this study. It was assumed depending on component geometry. This effect 
that the contributions of the ligaments, muscles, was not tested in this study. 
and intraarticular pressure would not change with The experimental protocol in this study tested 
changing curvature. It is possible, however, that at only one loading regimen representing twodimen- 
the extremes of motion, ligament loads, muscle sional translations only. It was designed in this 
loads, and the intraarticular pressure will change manner for simplicity and could easily be extended 
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to off-axis loading in three dimensions in the future. 
Experiments with a medial load of 400 N were 
always performed first in this study. Because the 
stability ratio always increased when this load was 
reduced to 10 N, it is clear that at least some of the 
polyethylene deformation caused by the 400 N 
load was not permanent. 

This study only deals with the effects of joint 
conformity on joint stability. Decreasing compo- 
nent conform\ty also results in decreased contact 
area and increased contact stresses. However, 
forces across the glenohumeral joint are much 
smaller than those acting at the hip and knee, and 
polyethylene wear has not been a clinical problem 
in total shoulder arthroplasty. Additional work and 
long-term dab are required to fully define the 
specific effects of wear and joint stability on im- 
plant failure. 

CONCLlJSldNS 
For a given translation the more conforming the 

joint was, the 
minimum for es necessary for dislocation, how- 

Q 

igher the forces observed were. The 

ever, were f und to be relatively independent of 
joint conformi/ty. On the basis of these results and 
the definition bf stability in this study, nonconform- 
ing joints wobld not be at a higher risk of joint 
dislocation th 
loading P 

n conforming joints for the simplistic 
cond tions tested. 

The authors hank Joseph Pili for helping design and 
machine the fe ting apparatus and Tom Camino for his 
assistance in o b taining the necessary arthroplasty cam- 
ponents. 
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