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Abstract

Background: The success of Total Shoulder Arthroplasty (TSA) is believed to depend on the restoration of the natural
anatomy of the joint and a key development has been the introduction of modular humeral components to more accurately
restore the patient’s anatomy. However, there are no peer-reviewed studies that have reported the degree of glenoid
component mal-position achieved in clinical practice and the clinical outcome of such mal-position. The main purpose of
this study was to assess the accuracy of glenoid implant positioning during TSA and to relate it to the radiological
(occurrence of radiolucent lines and osteolysis on CT) and clinical outcomes.

Methods: 68 TSAs were assessed with a mean follow-up of 38+/227 months. The clinical evaluation consisted of measuring
the mobility as well as of the Constant Score. The radiological evaluation was performed on CT-scans in which metal
artefacts had been eliminated. From the CT-scans radiolucent lines and osteolysis were assessed. The positions of the
glenoid and humeral components were also measured from the CT scans.

Results: Four position glenoid component parameters were calculated The posterior version (6u612u; mean 6 SD), the
superior tilt (12u617u), the rotation of the implant relative to the scapular plane (3u614u) and the off-set distance of the
centre of the glenoid implant from the scapular plane (664 mm). An inferiorly inclined implant was found to be associated
with higher levels of radiolucent lines while retroversion and non-neutral rotation were associated with a reduced range of
motion.

Conclusion: this study demonstrates that glenoid implants of anatomic TSA are poorly positioned and that this malposition
has a direct effect on the clinical and radiological outcome. Thus, further developments in glenoid implantation techniques
are required to enable the surgeon to achieve a desired implant position and outcome.
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Introduction

Anatomic Total Shoulder Arthroplasty (TSA) is an effective

treatment for shoulder arthritis. However, a meta-analysis [1]

pointed out that loosening rates are high and that glenoid

component loosening is the main complication after TSA. There is

a consensus perception that the goal and success of TSA depend

on the restoration of the natural anatomy of the joint and major

developments in the past decade have included the introduction of

modular humeral components to more accurately restore the

patient’s anatomy [2].

Implanting the glenoid component in an anatomical position is

a challenging procedure and this difficulty may explain the high

rates of glenoid component loosening. There are three main

reasons why the accurate positioning of the glenoid component is

difficult. Firstly, the bone stock of the native glenoid is very limited

and often further reduced by arthritic wear and erosion. Secondly,

the anatomical position is poorly understood and shows great

patient-specific variability [3,4]. Hence, surgeons do not know

what position they should aim for and instead aim for a ‘standard’

position of so-called neutral orientation of the glenoid component

with respect to the scapula. Thirdly, there are no reliable

landmarks to determine the position of the blade of the scapula

intra-operatively, which is essential for accurate placement of the

glenoid component in the standard position. Because of the lack of
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scapular landmarks, the surgeon may be guided by the perceived

position and orientation of the exposed glenoid bone surface.

However, due to the patient-specific variability, as well as erosion

and wear, such a position is likely to deviate from the standard

position.

Previous computational and in-vitro studies have indicated the

importance of glenoid component position by demonstrating that

mal-positioned implants caused abnormal loading of the glenoid

component and a resulting higher risk of mechanical failure

[5,6,7,8]. Hence, in clinical practice the surgeon will often attempt

to insert the implant in a ‘standard’ position of neutral (0u) version,

inclination and rotation. However, there are no peer-reviewed

studies that have reported the degree of mal-position achieved in

clinical practice and the clinical outcome of such mal-position.

The purposes of this study were to assess the accuracy and

variability of glenoid implant positioning during TSA and to relate

it to the radiological (occurrence of radiolucent lines and osteolysis

on CT) and clinical outcomes. The hypothesis, based on the

literature reviewed, was that the clinical and radiological outcomes

would correlate with the accuracy of glenoid component position.

Materials and Methods

Post-operative CT-scanning of TSAs is part of a routine patient

care in our institution and therefore patient consent was not

needed. The study was approved by the ethics review committee

‘‘Centre d’Éthique Clinique, CERES’’ on November 2012. The

committee testified that the study was in accordance with the

scientific principles generally accepted and with the ethical

standards of research and waived the need for patient consent.

We reviewed a series of 68 consecutive anatomic TSA from a

single centre, performed by 1 senior consultant shoulder surgeon

between 2002 and 2008. The series included 59 female and 9 male

patients; 39 patients were right handed and 9 were left handed. All

glenoid implants of the series were keeled cemented polyethylene

implants. Among them, 45 were Neer II (Smith and Nephew), and

23 Ulys (Ceraver). Other data relating to this patient series is

shown in Table 1.

All patients were assessed with a CT-scan some time after the

operation (the radiological follow-up). The average follow-up is

shown in Table 1. A CT-scan protocol that minimized artefacts

produced by the metallic humeral component allowing excellent

visualization of the glenoid component fixation was used [8,9].

The raw CT data were analyzed with computer software OsiriXH
[10,11]. The scapulae were reconstructed in 3D and digitized

reference points were positioned along the lateral border of the

scapula, approximately a line (LBL), as well as along the deepest

part of the near-linear Supraspinous Fossa Line (SFL) (Figure 1).

These two sets of points, effectively two lines, determine the plane

of the blade of the scapula. Additional points were digitized along

the edge of the subchondral bone of the glenoid, in order to

evaluate the position of the glenoid component relative to the

plane of the scapula (Figure 1). Using the digitized points, another

software (3D-ReshaperH) calculated the best approximation to a

flat plane of the scapula and of the glenoid surface, as well as the

relative position and orientation of these two planes [12]. Based on

Table 1. Patient data and measured implant position parameters.

Average SD Range

Glenoid version (u) 8 9 [217, 32]

Glenoid inclination (u) 12 13 [221, 50]

Glenoid rotation (u) 7 14 [230, 46]

Glenoid Off-set (mm) 4 3 [27, 15]

Humeral position (mm) 1 3 [211, 8]

Humeral retroversion (u) 41 12 [11, 62]

Glenohumeral misalignment (mm) 0 1 [23, 4]

Age (years) 69 10.5 [38, 88]

Radiographic follow-up (months) 38 27 [12, 159]

Preoperative status of rotator cuff 8 partial thickness supraspinatus tears, 10 full thickness tears (4 trans osseous
reattachments)

Shoulder etiology 53 primary OA, 7 RA, 6 post-traumatic OA,

(ostearthritis OA, rheumatoid arthritis RA) 2 post instability OA

doi:10.1371/journal.pone.0075791.t001

Figure 1. Digitised landmarks used to define the relative
position of the glenoid bone relative to the scapular blade. On
the left is shown the digitized points used to establish the glenoid
surface plane and the scapula plane. On the right is shown the digitized
points outlining the glenoid surface and scapula. Also shown are the
lines labelled LBL (Lateral Border Line) and SFL (Supraspinatus Fossa
Line) used to determine the scapula plane as well as the inclination.
doi:10.1371/journal.pone.0075791.g001

Outcomes of Error in Glenoid Implant Placement
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these CT scan measurements the parameters describing the

implant position were determined.

Four parameters of the glenoid component position were

studied: the version, the inclination, the rotation and the anterior-

posterior off-set distance from the scapular plane (Figure 2).

Version was defined as the angle between the plane of the glenoid

component surface and the plane of the scapula and was scored so

that retroversion was positive and anteversion negative. The

inclination was defined as the angle between the superior-inferior

line of the glenoid component (i.e. the line that connects the most

superior point of the glenoid surface to the most inferior point) and

the supraspinous fossa line (SFL) and was scored so that superior

inclination was positive and inferior inclination negative. Howev-

er, in this work the superior-inferior line was easily estimated by

measuring the orientation of the radiographic marker imbedded in

the glenoid implant (Figure 2, top right). Rotation was defined as

the angle between the scapula plane and the superior-inferior line

of the glenoid component as described above. Clockwise rotation

was considered positive for a right shoulder and anticlockwise

rotation was considered positive for a left shoulder. The off-set was

measured as the shortest distance between the centre of the

glenoid and the scapula plane and was always anterior to the

scapular plane.

Three parameters relating to the humeral head position [13,14]

and illustrated in Figure 3 were also studied: humeral position (i.e.

humeral head position relative to the greater tuberosity) which was

scored as positive if the humeral head position was above the

greater tuberosity; humeral retroversion (i.e. orientation of the

humeral component relative to a line joining the bicipital groove

to the centre of the femoral shaft); glenohumeral misalignment (i.e.

the relative position of the centre of the humeral head relative to

the centre of the glenoid component) which was given a positive

value if the humeral head centre was superior to the glenoid

component centre.

All patient medical reports contained a clinical assessment at

one year after the operation (one-year follow-up). The clinical

assessment included ranges of shoulder motions (i.e. forward

flexion, abduction and external rotation) and a Constant Score.

This information constituted the clinical results used in this study.

A high range of motion indicates a well functioning shoulder while

the Constant Score [15] assesses the functioning of a patient’s

shoulder based on several other components. The value of the

score can range from 0 to 100, 0 being poor and 100 the score of a

very well functioning shoulder. The components of the score

consist of 15 points assigned based on pain, 20 points based on

subjective assessment of ability to carry out daily functions, 40

points assessed on measured ability to move the arm and 25 points

based on measured strength of the shoulder.

In addition to allowing determination of the implant position,

the CT scans at the latest follow-up also allowed assessment of the

levels of radiolucent lines and presence of osteolysis. These

radiological assessments were done by both a senior consultant

shoulder surgeon as well as a musculoskeletal radiologist through a

mutual analysis. Radiolucent lines were ranked according to the

Mole Scoring system [16]. The Mole Score quantifies the level of

radiolucent lines in the fixation of the glenoid component and

takes a value between zero and 18. A Mole Score of zero indicates

no radiolucent lines, i.e. ‘good’ while a score of 18 indicates an

extensive level of radiolucent lines, i.e. ‘bad’. The method divides

the region around the glenoid component into the 6 zones

indicated in Figure 4. Each zone is then scored from 0 to 3: ‘0’ if

there are no radiolucent lines in the zone, ‘1’ if the radiolucent line

is less than 1 mm thick, ‘2’ if the radiolucent line is between 1 to

2 mm thick and ‘3’ if the radiolucent line is more than 2 mm thick.

Osteolysis was ranked according to a 4 criteria scale: no osteolysis,

osteolysis restricted to one or more of the glenoid component

fixation areas, major osteolysis involving the whole glenoid

component fixation without cortical disruption, and major

Figure 2. Definition of the four glenoid component positioning
parameters.: version (top left) is the angle between the green line (i.e.
the orientation of the glenoid component surface) and the red line (i.e.
the orientation of the scapula plane); inclination (top right) was
measured from the orientation of green line (i.e. the superior-inferior
line of the glenoid component) and the red line (i.e. the orientation of
the supraspinatus fossa line (SFL)); rotation (bottom left) is the angle
between the orange line (i.e. the orientation of the scapula plane) and
the green line (i.e. the superior-inferior line of the glenoid component);
off-set distance(bottom right) was measured as the shortest distance
between the white marker in the CT image (i.e. the centre of the
glenoid) and the orange line (i.e. the orientation of the scapula plane).
The orange lines in the middle image indicate the orientation of the
scapula blade used.
doi:10.1371/journal.pone.0075791.g002

Figure 3. Definition of the three the humeral head component
positioning parameters.: humeral head position (left) relative to the
greater tuberosity indicated by the black line; retroversion (middle) of
the humeral component was measured as the angle between the green
line (i.e. the diametrical line across the humeral head component) and
the purple line (i.e. the line that joins the bicipital groove to the centre
of the femoral shaft); Glenohumeral misalignment (right) was measured
as the distance between the white line (i.e. the centre of the humeral
head) and the purple line (i.e. the centre of the glenoid component).
doi:10.1371/journal.pone.0075791.g003

Outcomes of Error in Glenoid Implant Placement
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osteolysis involving the whole glenoid component fixation with

cortical disruption (Figure 5).

Statistical Evaluation
Statistical analysis software SPSS 10.0 (SPSS, Chicago, Illinois)

was used to determine relationships between variables. Signifi-

cance was set at p,0.05. The version, the inclination, the rotation

and the off-set distance of the glenoid component; the position and

the retroversion of the humeral head; the glenohumeral misalign-

ment; the age of the patient at the time of surgery and the time

between surgery and the radiographic follow-up session; the

preoperative status of the rotator cuff and the shoulder etiology

were all analyzed in relation to forward flexion, abduction,

external rotation, Constant Score and the Mole Score using

ordinary least squares techniques, with a progressive withdrawal of

the non significant values. Square and cube exponents were

introduced for the positioning parameters in order to take into

account non linear effects.

Results

Implant Positioning Parameters
The measured implant position parameters are shown in

Table 1. The average glenoid version was 8u but the standard

deviation of 9u and range from 17u of anteversion to 32u of

retroversion show that there was great variation in glenoid

component version. Table 1 also shows large variability of the

other implant position parameters.

Clinical Outcome at 12 Months Follow-up
The clinical results are reported in Table 2 and the results of the

statistical analysis are reported in Table 3. Note that most

relationships were found to be statistically non-significant. Only

those that were significant were further analysed leading to the

regression models and results shown in Figure 6. Shoulder forward

flexion and abduction were significantly negatively correlated with

the version and rotation of the glenoid component. Figure 6 shows

the effects of version and rotation on flexion and abduction, as

determined by the regression equations. Figure 6 indicates that

more than approximately 20u of retroversion will result in reduced

flexion as well as abduction while anteversion seems to improve

abduction. Figure 6 also shows that neutral rotation results in the

highest range of both flexion and abduction. Similar analyses

showed that an off-set distance of 8 mm resulted in the highest

range of abduction.

Radiological Outcome at the Latest Follow-up Evaluation
The result of the Mole Score assessments is reported in Table 2.

The Mole Score was significantly correlated with glenoid

component inclination, patient follow-up and age (Table 3). The

Mole lucency score was significantly negatively correlated with the

inclination of the glenoid component, and positively correlated

with the age of the patient and the follow-up, hence as their

radiolucency scores were high, inferiorly inclined implants

performed less well (Figure 6).

21 patients (36%) had no osteolysis around the glenoid

component, 17 (29%) had osteolysis restricted to one or more of

the glenoid component fixation areas, 14 (24%) had major

osteolysis involving the whole glenoid fixation without cortical

disruption, and 6 (10%) had major osteolysis involving the whole

glenoid component fixation with cortical disruption.

Discussion

This study demonstrates that the glenoid component of so-

called anatomic TSA is not positioned in a standard fashion

relative to the scapula plane, and that (mal)position affects the

prevalence of radiolucencies as well as the clinical outcome.

A unique feature of this work is the particular CT protocol used.

This protocol was developed in previous work [2,8,9] and allows

radiolucent lines to be analyzed more accurately than previously

possible. Furthermore, CT techniques are more accurate in

determining glenoid component position than the standard axial

radiographs [17] used in previous studies on glenoid positioning.

These two characteristics of the CT method have enabled this

study to report the clinically observed association between glenoid

component position and radiolucent lines, which has not been

done before.

It is a limitation of the study that all replacement surgery in this

series was performed by only one surgeon and, strictly, it

Figure 4. Sagittal and coronal views of the glenoid bone
including the implant. The numbers indicate the six zones used in
the Mole Score to assess the level of radiolucent lines in the fixation of
the glenoid component. Zone 1: fixation area of the superior part of the
glenoid component base plate; Zone 2: fixation area of the superior
part of the keel; Zone 3: fixation area of the tip of the keel; Zone 4:
fixation area of the inferior part of the keel; Zone 5: fixation area of the
inferior part of the glenoid component base plate; Zone 6: fixation area
of the central part of the glenoid component base plate. Each zone is
scored between 0 and 3 points according to the level of radiolucent
lines observed and the Mole Score is the sum of these scores.
doi:10.1371/journal.pone.0075791.g004

Figure 5. Osteolysis (indicated by the white arrows) and
cortical disruption (indicated by the double arrows). Sagittal
plane of the glenoid implant (left); axial plane of the implant (middle)
and in the coronal plane of the implant (right).
doi:10.1371/journal.pone.0075791.g005

Outcomes of Error in Glenoid Implant Placement
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represents the accuracy achieved by just this surgeon. Never-the-

less, the fact that even in the hands of one very experienced

surgeon, in a series involving 68 anatomical TSA, the position was

very variable and the standard position only rarely achieved

emphasizes the problem of glenoid component positioning during

surgery, and the reported values are consistent with data reported

by Gregory et al [12] in a previous study of 29 cases.

Achieved Position
Very few studies have reported on the accuracy of glenoid

component positioning achieved during surgery. Moska et al. [18]

presented data from 133 patients showing that 82% of glenoid

components were positioned within neutral and 20u of retrover-

sion. Nyffeler et al. [17] reported from a series of 25 glenoid

implants that the version ranged from 16u of anteversion to 23u of

retroversion with an average of 2u of anteversion. From a series of

10 patients, Kircher et al. [19] reported the version to range from

neutral to 19u of retroversion (11u67u; mean 6 SD). These

previous data showing a large spread around a somewhat

retroverted position are broadly consistent with the findings of

the present study. These results reflect the reported position of the

native non-arthritic glenoid [4] and/or may reflect that surgeons

are guided by the orientation of the native glenoid surface which is

often eroded posteriorly in candidates for TSA [12].

Effect of Implants Positioning on Outcomes
Fanta et al. [14] also analysed the impact of humeral head

position and glenohumeral misalignment on clinical outcomes.

They concluded that an excessively high humeral component

position and glenohumeral misalignment was associated with

unsatisfactory results. Our results do not support these findings.

However, in the study of Fanta et al., these associations were

related to humeral head positions greater than 10 mm and

misalignments greater than approximately 12 mm. In comparison,

the humeral head positions and misalignments found in our study

rarely, if ever, reached such large values (Table 2). Thus the

humeral component in our study may simply have been too well

placed to capture the effects observed by Fanta et al. It is also

worth noting that we found the effect of glenohumeral alignment

Figure 6. Regression equations of identified statistically significant relationships between patient and implant position parameters
and clinical and radiographic outcomes. Ver: version, Rot: rotation, OffS: off-set, FolUP: follow-up. The graphs illustrate these effects of implant
position parameters on clinically measured ranges of shoulder motion and Mole Score, respectively.
doi:10.1371/journal.pone.0075791.g006

Table 2. Outcome of surgery: clinical and radiological results.

Average Standard deviation Range

Forward flexion (u) 130 29 [40, 180]

Abduction (u) 125 31 [25, 180]

External Rotation 28 19 [0, 150]

Constant Score 69 19 [7, 90]

Mole Score 7.5 4.2 [0, 15]

doi:10.1371/journal.pone.0075791.t002

Outcomes of Error in Glenoid Implant Placement
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on forward flexion to be very close to statistical significance

(Table 3).

Our study analyses the impact of the glenoid component

placement on clinical and radiological outcome. To our knowl-

edge, only Moska et al. [15] analysed the influence of glenoid

component version on clinical results, and our paper is the first to

analyse the effect of the others glenoid component positioning

parameters, namely the inclination, the rotation and the anterior

offset distance.

Moska et al. [18] reported that glenoid components implanted

in version ranging from neutral to 20u of retroversion were

associated with excellent patient satisfaction whereas version

outside this range was associated with patient dissatisfaction.

The importance of version was confirmed in our study as we found

that version affected both abduction and flexion, which may be

related to patient satisfaction. Consistent with Moska et al., we

also found that flexion and abduction deteriorated beyond 20u of

retroversion (Figure 6). However, in the current study anteversion

seemed to result in an improved range of abduction.

Our analysis has so far indicated that any position of

anteversion was well tolerated. However, the number of patients

in our study with noticeably anteverted implants (more than 5u of

anteversion) was relatively small (n = 7) and further studies

including more anteverted implants would be necessary before

making conclusive decisions. Considering the result of Moska et al.

[18], a more cautious recommendation is to aim for a glenoid

component position of neutral version. In addition, our results

pointed out that neutral rotation and an anterior offset distance of

8 mm were associated with optimal clinical results.

Several in-vitro studies indicated that superior inclination will

lead to superior migration of the humeral head which in turn will

cause impingement and rotator cuff tears and ultimately poor

outcome [20,21,22]. In our clinical study, inclination was not

found to have any significant effect on either the ranges of motion

or the Constant score and hence do not support these suggestions

of earlier papers. Terrier et al. [23] suggested that, whereas

superior inclination might be expected to be worse for the reasons

of impingement and cuff tears, it may on-the-other-hand result in

better conditions for the fixation. The results of our clinical study

do support this suggestion as we found higher rates of radiolucent

lines for inferiorly inclined implants.

In-vitro studies [5,6,7,20] have investigated the effect of glenoid

implant position on the forces imparted on the implant fixation.

They all concluded that non-neutral version and inclination will

lead to more eccentric loading of the implant and, hence, to an

increased risk of fixation failure. Our clinical results do not support

these suggestions as we found no correlation between version and

radiolucent lines. Indeed we found superior inclination associated

with low levels of radiolucent lines. The explanation for this

inconsistency may be that during surgery surgeons will often try to

correct mal-position but in doing so jeopardize the osseous fixation

[12]. The effect of corrective procedures was not taken into

account in the earlier biomechanical studies and may explain the

inconsistency with our results.

In regards to superior inclination, most of our data points are

for superior inclinations of less than 20u and our conclusions

should probably not be extended beyond this level of inclination.

Unexpectedly, we found no statistical significant relationships

between neither the state of the rotator cuff nor the shoulder

etiology and clinical/radiological results. This may have been

related to an insufficient number of patients (only 10 full thickness

cuff tears and only 7 rheumatoids) and that our analysis dropped

parameters that were associated with P-values $0.05 from the

final regression model relationships shown in Figure 6. From
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Table 3 it can be seen that several parameters were associated with

P-values close to 0.05 and as in any statistical significance analysis

this indicates that there is a 5% risk that our findings of non-

significance were wrong.

Differences in Methodologies Compared with Other
Studies

When comparing our results with the above studies as well as

with studies reporting the orientation of the native glenoid there

are differences in methodology that may cause differences in

quantitative values. In this study the reference plane of the scapula

was based on the lateral border of the scapula and the deepest part

of the supraspinous fossa. This differs from the definition used in

other studies [3,4,14], where the plane was defined according to

three points: the centre point of the native glenoid surface, the

point where the scapular spine meets the medial border and the

inferior angle of the scapula. For the purpose of limiting the

radiation exposure, the acquisition field of the CT-scans in our

study was restricted to the part of the scapula nearest to the

glenoid region. Therefore, two of the necessary reference points

used by the previous studies were not available and we could not

use these previous methods. For similar reasons we defined

inclination relative to the near-horizontal line of the supraspinous

fossa (SFL) while others [3] have defined inclination with respect

to the line from the centre of the glenoid surface to the vertebral

border of the scapula. The SFL is approximately 5u superiorly

inclined to this line.

Barring these practical difficulties if using previous definitions of

the scapular plane and the reference line for inclination, there are

also advantages of the method used in this study. Amadi et al. [24]

showed that a scapular plane based on the same two lines as in this

study provided the most consistent definition of landmark lines

and of the scapular blade irrespective of arthritic and other osseous

changes. As the shoulder joint in TSA often exhibits osseous

changes this is an important advantage.

Conclusion

This study found that malposition of the glenoid implant has a

direct effect on the clinical and radiological outcome. We

recommend implanting the glenoid component in neutral rotation,

neutral to slightly retroverted and neutral to 20u of superior

inclination, but further studies are needed to establish consensus

on the optimum level of version and inclination. However, this

study also demonstrates that glenoid implants are poorly

positioned even by very experienced specialized surgeons. This is

due to the inherent difficulty of the operation and further

developments in glenoid implantation techniques are required to

enable the surgeon to achieve a desired implant position.
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