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Abstract

AIM

To evaluate the joint geometry and the clinical outcome of
stemless, anatomical shoulder arthroplasty with the TESS
system.

METHODS

Twenty-one shoulders with a mean follow-up 18 of months
were included. On scaled digital radiographs the premorbid
center of rotation (CoR) was assessed and compared to
the CoR of the prosthesis by using the MediCAD® software.
Additionally, the pre- and post-operative geometry of the
CoR was assessed in relation to the glenoid, the acromion
as well as to the proximal humerus. Radiological changes,
such as radiolucencies, were also assessed. Clinical
outcome was assessed with the Constant and DASH score.

RESULTS
Both, the Constant and DASH scores improved signifi-
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cantly from 11% to 75% and from 70 to 30 points, P <
0.01 respectively. There were no significant differences
regarding age, etiology, cemented or metal-backed
glenoids, efc. (P > 0.05). The pre- and postoperative
humeral offset, the lateral glenohumeral offset, the height
of the CoR, the acromiohumeral distance as well as neck-
shaft angle showed no significant changes (P > 0.05).
The mean deviation of the CoR of the prosthesis from the
anatomic center was 1.0 £ 2.8 mm. Three cases showed
a medial deviation of more than 3 mm. These deviations
of 5.1, 5.7 and 7.6 mm and were caused by an inaccurate
humeral neck cut. These 3 patients showed a relatively
poor outcome scoring.

CONCLUSION

TESS arthroplasty allows an anatomical joint reconstru-
ction with a very good outcome. Outliers described in this
study sensitize the surgeon for an accurate humeral neck
cut.

Key words: Anatomical shoulder arthroplasty; Stemless;
Omarthrosis; Total shoulder replacement; Joint geometry

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: By using bony landmarks that are not altered by
osteoarthritic changes, the premorbid center of rotation
(CoR) was assessed in comparison to the postoperative
one after TESS arthroplasty. Furthermore, joint geometry
changes were assessed in relation to the glenoid, the acro-
mion and the proximal humerus. Our data demonstrate
a precise restoration of the joint and a very good clinical
outcome. This study also describes outliers with a clinically
relevant medialized CoR. Being caused by a slightly
inaccurate humeral neck cut, this study might sensitize us
that this osteotomy is a crucial step to ensure a good dlinical
outcome.

von Engelhardt LV, Manzke M, Breil-Wirth A, Filler TJ, Jerosch
J. Restoration of the joint geometry and outcome after stemless
TESS shoulder arthroplasty. World J Orthop 2017; 8(10): 790-797
Available from: URL: http://www.wjgnet.com/2218-5836/full/v8/
110/790.htm DOI: http://dx.doi.org/10.5312/wjo.v8.110.790

INTRODUCTION

The traditional stemmed design of anatomical total
shoulder arthroplasties is based on the principles of total
hip replacement. Similarly to hip arthroplasty, stem-
related complications, such as a bone loss secondary
to stress shielding, humeral fractures, etc., are not
so infrequent™™. A further difficulty of a stemmed
shoulder arthroplasty is that the restoration of the
individual anatomy with its offset and center of rotation
(CoR) is not always reached even with newer modular
designs'™®. Another aspect is the revision surgery,
where severe difficulties may arise during and after
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stem revision. A recent report describes complications
such as a canal perforation, bone destructions and
humerus fractures in around 50% of the cases'”. Thus,
avoiding stem-related complications, improved options
to gain an anatomic reconstruction of the proximal
humerus and preserving the bone stock for easier
revisions are practical reasons why stemless designs
have been introduced as an alternative to traditional
designs. However, both patients and surgeons have
high expectations regarding activity levels and return
to sports following shoulder replacement surgery®.
In regard to these data, the ongoing development of
shoulder arthroplasty is a logical consequence.

The Total Evolutive Shoulder System (TESS, Biomet-
Zimmer, Warsaw, IN, United States) uses different
sizes of an impaction-implanted 6-armed corolla for a
peripheral metaphyseal anchoring close to the cortical
bone. This method of fixation is different to those with
a much more central anchoring within the metaphysis,
e.g., the threaded central cage of the Arthrex Eclipse
(Arthrex, Karlsfeld, Germany) or the Simpliciti system
with a nucleus and 3 fins for central impaction (Wright
Medical, formerly Tornier, Montbonnot, France)®. The
principle of a peripheral metaphyseal anchoring might
influence the reconstruction of the individual anatomy
of the proximal humerus. The purpose of this study was
to evaluate the restoration of the joint geometry as well
as the clinical and radiographic outcome of the TESS
system for anatomical shoulder arthroplasty.

MATERIALS AND METHODS

This study has been approved by the Ethical Committee
of the University of Duesseldorf (Study No. 4426). All
patients were operated at the Department of Orthopedics,
Trauma Surgery and Sports Medicine of the Johanna-
Etienne Hospital Neuss. Patients included in this study had
an anatomical shoulder arthroplasty with the TESS system
(TESS, Biomet-Zimmer, Warsaw, IN, United States).
Pre-operative planning of the prosthesis components
was performed in all cases on scaled anteroposterior
digital radiographs using the MediCAD® software. After a
deltopectoral approach, the elevation of the subscapularis
tendon and the dislocation of the humeral head, the
rotator cuff insertions, the humeral head and the anato-
mical neck were visualized. The cutting guide was held
parallel to the anatomical neck and the inclination, re-
troversion and the height of the cut were adjusted by
using these landmarks. After the saw cut, the size of the
corolla broach was measured using the humeral sizing
templates. Then the glenoid was prepared. A cemented
all-polyethylene component or a metal-backed glenoid
which allows a conversion to a reversed version were
available. After broaching and impaction of the corolla into
the metaphysis, different trial heads with a diameter of
41, 43, 45, 48, 50 and 52 mm with or without an offset
were available. The subscapularis tendon was reattached
to its origin by using transosseus Ethibond sutures. A
biceps tenodesis was performed in patients with slender
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Figure 1 Assessment of the pre- and postoperative joint geometry. The
best-fit circle with the premorbid center of rotation (CoR) is generated with
bony landmarks which are not altered by osteoarthritic deformities: The lateral
major tubercle border, the medial calcar at the inflection point and the medial
edge of the greater tuberosity at the medial supraspinatus insertion. Further
parameters were the acromiohumeral distance (AHD), the humeral offset (HO)
as the distance between the CoR and the lateral major tubercle border, the
lateral glenohumeral offset (LGHO) as the distance between the coracoid and
the lateral major tubercle border, and the height of the center of rotation (height
CoR) as the distance to the inferior glenoid.

overarms. Physiotherapy with restricted external rotation
was started directly after the operation. Besides the
exclusion of patients with rotator cuff tears or a defect
arthropathy, there were no further exclusion criteria for
the implantation of an anatomical TESS prosthesis. All
patients received a non-stemmed version. The decision
whether to use a stemmed or non-stemmed design was
made intraoperatively depending on the metaphyseal
bone quality. One patient with a humeral head necrosis
had an incorrect positioning of the humeral component
leading to an extensively elevated humeral offset. In this
patient, a revision to a stemmed version was performed
immediately. This case was considered a surgical failure.
Another patient suffered a fall with a traumatic rotator
cuff tear before the follow-up appointment. Both patients
were excluded from this study. Finally, 21 shoulders in
19 patients (m/f = 10/9) with anatomic TESS shoulder
prostheses were evaluated regarding their clinical and
radiological outcome. The mean follow-up was 18 £ 9
mo. The average age at surgery was 66 years (range
32-79 years). In 10 cases, the dominant side was
involved. 15 shoulders received a total arthroplasty with
a metal-backed glenoid, four a cemented PE glenoid and
three received a hemiarthroplasty. Indications were an
osteoarthritis (n = 19) and a humeral head necrosis (n
= 2). One necrosis was caused by a thalassaemia and
one was posttraumatic after plate fixation of a proximal
humeral fracture.

As recommended by Booker et a/'”, the clinical
outcome of the patients was assessed with the com-
bination of two outcome scoring tools. The Disabilities
of the Arm, Shoulder, Hand (DASH) score was used
as a patient self-assessment measurement tool and
the constant score (CS) as a clinically-based outcome
measuring.
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Figure 2 The postoperative center of rotation of the prosthesis shows no
deviation compared to the the native one. The neck shaft angle is defined
as the medial angle between the shaft axis and a perpendicular line to the
preoperative anatomic neck or the base of the humeral head component.

A standardized anterior-posterior- and an axillary
view were performed preoperatively and at the follow-up
appointment. Preoperative X-rays were scaled by using a
25 mm diameter ball marker. Postoperative X-rays were
scaled using the size of the glenosphere. Measurements
were performed with the MediCAD® software. The
premorbid CoR was assessed with the best-fit circle
method generated with three bony landmarks which are
not altered by the osteoarthritic articular surface (Figures
1 and 2): The lateral cortex of the greater tuberosity,
the medial calcar at the inflection point where the
calcar meets the articular surface, and the medial edge
of the greater tuberosity at the medial supraspinatus
insertion™"). This way, the deviation of the CoR of the
implanted humeral head can be assessed in comparison
to the native anatomic one. As described by Alolabio et
al*?, a deviation of more than 3 mm was considered as
being clinically significant. A medial deviation compared
to the premorbid CoR was defined as an overstuffing
(Figure 3), whereas a lateral deviation was defined
as an understuffing (Figure 4). To further assess the
geometry of the pre- and postoperative CoR in relation
to the glenoid, the acromion as well as to the proximal
humerus, further parameters were measured as de-
scribed by Thomas et ai®! (Figure 1). Because some
preoperative X-rays showed a poor positioning quality,
four cases had to be excluded from the assessment
of these pre- to postoperative geometry changes. The
following differences of the pre- and postoperative values
were calculated: The acromiohumeral distance (AHD) is
defined as the shortest distance between the humerus
and the acromion, the humeral offset (HO) as the dis-
tance between the CoR and the lateral border of the
greater tuberosity, the lateral glenohumeral offset (LGHO)
as the distance between the basis of the coracoid and
the lateral border of the greater tuberosity and the height
of the CoR regarding to the inferior border of the glenoid
(CoR height)!*?), Pre- to post-operative neck shaft angles,
defined as the medial angle between the shaft axis and
a perpendicular line to the anatomic neck, were also
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Figure 3 In three cases, a medial deviation of 4.3 (A), 7.3 (B) and 6.2 (C) mm was caused by an inaccurate humeral neck cut with a resection level which
was to high in all cases. These findings were defined as an overstuffing: These patients showed a relatively poor outcome scoring.

1046

B

Figure 4 The center of rotation of the prosthesis was 3.7 mm lateral to the
anatomical one and caused by a slightly too small humeral head size. This
patient showed a relatively high postoperative constant score.

measured (Figure 2).

Statistical analysis

Statistical analysis were performed with SPSS Statistics
software 22.0 (SPSS Inc., Chicago, Illinois, United Sta-
tes). The Wilcoxon test was used for the comparison
between the pre- and postoperative data of the clinical
scores, the Mann-Whitney-U test to compare the clinical
scores between two different groups of the population
and the Kruskal-Walis test to compare the clinical scores
between several groups. The parametric Students
t-test was used to compare pre- and post-operative
geometrical measurements. The level of significance
was set to alpha < 0.05. A statistical review was con-
ducted by a biomedical statistician.

RESULTS

Functional outcome

The relative CS and DASH score improved significantly
from a median of 11% £ 19% to 75% + 26% and
from 70 + 22 points to 30 £ 19 points, P < 0.01,
respectively. In the symptoms section of the DASH
score, the patients improved from 24 = 7 points to
12 = 5 points (P < 0.01). In the function section, the
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Figure 5 In two cases small radiolucent lines of a maximal thickness of 2
mm were noticed at the upper screw and behind the superior third of the
baseplate (white arrows).

score improved from 82 £ 19 points to 53 £ 18 points.
There were no significant differences regarding age,
sex, etiology groups, side of surgery, cemented or
metal back glenoids treatment with a hemi- or total
arthroplasty (P > 0.05).

Radiological results
With the best-fit circle method, the mean deviation of
the CoR of the prosthesis from the anatomic CoR was
1.0 £ 2.8 mm. Of the 21 cases, four (19%) exhibited
a deviation of more than 3 mm. Three cases (14%)
showed an overstuffing with a medial deviation of 4.9,
6.2 and 7.6 mm. These patients showed a relatively
poor outcome with a CS of 39, 41 and 51 points. The
reasons for these deviations were a too high resection
level (Figure 3A and C) and an inaccurate inclination
of the humeral neck cut (Figure 3B). In the fourth
case, the CoR of the humeral component was 3.7 mm
lateral to the anatomical CoR. This deviation with an
understuffing was caused by a slight undersizing of
the humeral head (Figure 4). This patient showed a
relatively high postoperative CS of 77 points.

The geometry of the CoR in relation to the glenoid, the
acromion as well as to the proximal humerus, described
by the AHD, HO, LGHO, the CoR height and the neck-shaft
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Table 1 Pre- to post-operative geometrical joint parameters

Mean

Median SD Minimum Maximum

Pre-OP neck shaft angle 135.4° 135.3° 3.0° 131.6° 139.7°
Post-OP neck shaft 136.6° 133.8° 9.4°  119.3° 158.9°
angle

Pre-OP AHD (mm) 6 6.5 3l 2 13
Post-OP AHD (mm) 96 7 6.8 2 25
Pre-OP HO (mm) 253 25 2.8 22 32
Post-OP HO (mm) 252 255 42 18 36
Pre-OP LGHO (mm) 639 63 6 52 74
Post-OP LGHO (mm) 609 625 65 49 74
Pre-OP CoR height 172 17 6.3 8 28
(mm)

Post-OP CoR height 177 175 65 5 29
(mm)

All changes depicted were statistically not significant (P > 0.05). CoR: Center
of rotation; AHD: Acromiohumeral distance; LGHO: Lateral glenohumeral
offset.

angle, showed only slight differences between the pre-
and post-operative measurements. By using the Students
t-test all these minor changes of the geometry presented
in Table 1 were not significant (P > 0.05).

Small radiolucent lines were seen in two of 15 cases
with a metal-backed glenoid (13%) (Figure 5). In
both cases it was above the superior part of the upper
screw and behind the superior third of the baseplate.
Both radiolucencies measured a maximal thickness of
2 mm. Further signs of a loosening were not noticed.
At the last follow-up, both patients were pain-free and
showed a CS of 75 and 52 points. At the cemented all-
polyethylene glenoid radiolucent lines and/or osteolyses
were not noticed. Radiolucent lines were also not
detected around the 21 humeral components.

Complications

We observed three (14%) complications. One patient
with a posttraumatic humeral head necrosis developed a
frozen shoulder which was treated with an arthroscopic
capsular release. The CS at the last follow-up was 48
points. One patient showed a partial brachial plexus
lesion. He underwent an intensive rehabilitation. At the
follow-up appointment, he recovered partially but still
showed a CS of only 15 points. One of the patients with
an overstuffed positioning of the humeral component
(Figure 3B) suffered a cuff failure three months after the
last follow-up appointment nine months postoperatively.
This patient showed a CS of only 51 points. A revision
to a reversed prosthesis was performed.

DISCUSSION

In this study, we had to document three complications
which lead to an overall complication rate of 14%.
Looking closer, one partial brachial plexus lesion was
treated with an intensive rehabilitation, one shoulder
arthrofibrosis was treated with an arthroscopic capsular
release and one cuff failure needed a revision to a
reversed prosthesis. In recent review articles, the overall
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complication rate lies between 4.2% and 15.2%"***,

In the literature, an arthrofibrosis after shoulder arthro-
plasty is rarely documented!*>'®, whereas a rotator
cuff failure is reported with incidences between 1.3%
and 14%™""™ and a plexus lesion with incidences up to
15%™**!!, Taken together, our complication rate is high
and lies in the upper range compared to the literature.
In our opinion, these results are poor and interfere with
the outcome scorings. This should be highlighted at the
beginning of this discussion.

The humeral head varies individually in its retroversion,
inclination as well as its medial and posterior offset?®**,
Therefore, first and second generation stemmed
arthroplasties did not meet the requirements to reach
an exact restoration of the anatomy®”. Even if newer
modular stemmed designs have improved the adaptation
to the individual anatomy, an exact anatomic match is
not always achieved™®. In a finite element analysis,
Bichler and Farron®* demonstrated the importance of
an anatomically reconstructed humeral head to avoid
an eccentric glenoid loading. In a study on patients with
dissatisfaction after shoulder arthroplasty, main findings
were substantially malpositioned components with or
without loosened glenoids, stiffness and instabilities''.
These clinical and biomechanical studies demonstrate
the importance of an exact reconstruction of the joint
geometry to achieve a good clinical outcome.

The impacted corolla of the TESS prosthesis provides
a peripheral metaphyseal anchoring™. This relatively
stable fixation close to the cortical bone might explain why
findings indicating a loosening were not noticed. This is in
accordance to previous studies where no radiolucent lines
were noticed around the corolla of the TESS implant®**”.
On the other hand, the peripheral metaphyseal anchoring
with different sizes might influence the reconstruction of
the joint geometry. Our hypothesis was that the stemless
TESS system provides a reliable reconstruction of the
individual anatomy with a good clinical outcome. In
our series, the relative CS and DASH scores improved
significantly with results that are in a similar range to
previous reports on the anatomic TESS prosthesis!®®?®,
Youderian et al™ demonstrated that the premorbid
CoR can be accurately predicted by a circle fitted from
preserved nonarticular bony landmarks. We used this
best-fit circle to measure the deviation of the center of
the prosthesis to the premorbid CoR. Previous studies
demonstrated that a malpositioning of 3 to 4 mm can
affect the clinical outcome®***34, According to Alolabi
et a"¥ and Kadum et a®", we defined a deviation of
3 mm as clinically relevant. In our series, 81% showed
no deviation or a deviation of less than 3 mm. Another
study also used the best-fit circle method to assess
the restoration of the CoR with different anatomical
prosthesis types. This study demonstrated no deviation
or a deviation of less than 3 mm with lower rates lying
between 34.9% and 68.8%. The mean deviation between
the premorbid CoR and the center of the prosthesis
measured between 2.5 and 3.8 mm which is two to four
times higher compared to our study™. However, even if
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our results are relatively good, we have to notice that we
were not able to demonstrate a 100% rate of an exact
restoration of the CoR. Thus, four patients (19%) showed
a deviation of more than 3 mm. We hypothesized that a
significant deviation might lead to a relatively poor dinical
outcome. One patient showed an understuffing with a
lateral deviation of the implant CoR which was caused by a
relatively small humeral component. Showing a relatively
high CS of 77 points, this deviation did not lead to a poor
clinical outcome. Three patients showed an overstuffing
caused by an inaccurate resection level for the humeral
neck cut. With 51, 39 and 41 points, these patients
showed a relatively poor CS. Because the inaccurate
humeral neck cut lead to a dlinically relevant overstuffing,
these cases have to be characterized as avoidable failures
during surgery. Besides a poor clinical outcome, one of
these three patients suffered a cuff failure after the last
follow-up, requiring a revision to a reversed arthroplasty.
Showing an incidence of 11%, a recent systematic review
suggests that these cuff tears following total shoulder
arthroplasty may be more common than previously th-
ought™. Maybe these data should sensitize the surgeon
to be aware of an exact identification of anatomical
landmarks for a correct humeral neck cut. Besides a digital
scaled preoperative planning, the use of the best-fit circle
method might support the surgeon’s ability to find the
right resection level and to choose the correct head size.
In some cases, osteophytes as bony landmarks might be
helpful to mark the correct resection level and angle during
surgery. In some cases, an intraoperative fluoroscopy,
where the best-fit circle method can be used again,
might provide an increased security to achieve an exact
humeral head position and size. Especially in cases with
advanced deformities or in cases where the achievement
of an optimal soft tissue balancing of the implant is not
completely satisfactory, such additional intraoperative
X-rays might be helpful.

The pre- and post-operative AHD, HO, LGHO and the
CoR height were measured as described by Thomas et
af*®, Table 1 depicts that these measurements, including
the pre- and postoperative neck shaft angles, showed
only minimal changes. Thus, the geometry of the CoR
in relation to the glenoid, the proximal humerus and the
acromion does not seem to be altered. Regarding these
data, the TESS system allows a reliable restoration of
the individual joint geometry. This might explain the
relatively good clinical outcome of the TESS prosthesis
described in our series as well as in previous studies with
follow-up times ranging from 6 to 45 mo™®2%334,

At the cemented all-polyethylene glenoid com-
ponents, radiolucent lines were not noticed. This is
similar to previous studies on pegged designs, where
radiolucent lines were not detected®>*®. At the metal-
backed glenoids, small radiolucent lines were seen
in two cases (2/15, 13%) behind the superior third
of the baseplate and above the upper screw (Figure
5). Further signs of a loosening were not noticed. In
previous studies with newer metal-backed glenoids,
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radiolucencies were also noticed in 7%}, 10%****! and
23%!"% of the cases. The TESS system has a central
convex section in both the polyethylene and the metal-
backed component. Compared to those with a flat-
backed glenoid, this design showed lower distraction
forces in biomechanical testings'*!! as well as a lower
presence and progression of radiolucencies'®’. Moreover,
the metal-backed glenoid baseplate of the TESS
system has a double coating with porous titanium and
hydroxyapatite. Besides the design chracteristics, these
material features have also been shown not to be as
critical as those with older flat shaped, uncoated metal-
backed glenoid components****), These features of
the TESS system might explain why radiolucencies
were noticed in our series in only two cases of metal-
backed components and in none of the cases with a
polyethylene glenoid component.

We acknowledge that our study has several limi-
tations. There was no randomized control group treated
with a conventional stemmed prosthesis to compare
our results. Further limitations of this study are the
short mean follow-up of 18 mo and the small humber
of 21 shoulders being evaluated. The study presented
here was a necessary first step in exploring our first
experiences with the TESS system, which seems to
provide reasonable advantages. Therefore, the outcome
scorings and the assessment of complications should be
regarded cautiously. Larger studies with longer follow-up
intervals are needed to assess the sustainability of the
clinical outcome as well as long-term changes of the joint
geometry. For this reason we recently applied for ethical
approval of a long term study on the TESS prosthesis.

In conclusion, the stemless shoulder arthroplasty
using the TESS system allows a reliable reconstruction of
the individual anatomy with an excellent clinical outcome.
On the other hand, we noticed three cases with a slight
but clinically relevant overstuffed reconstruction of the
CoR caused by an inaccurate humeral neck cut. This
should increase our awareness. An optimized bone cut
is a crucial step to ensure a good clinical outcome during
surgery.

COMMENTS

Background

An exact reconstruction of the individual anatomy of the shoulder joint is vital
to reach a good clinical outcome of anatomical shoulder replacement. The
restoration of the joint geometry as well as the clinical and radiographic outcome
of stemless, peripheral metaphyseal anchored shoulder arthroplasty by using the
TESS system is evaluated.

Research frontiers

Besides modular prosthesis designs, current developments in shoulder
arthroplasty include smaller, bone sparing components. Research is needed to
interpret advantages, pitfalls and the clinical efficacy.

Innovations and breakthroughs

Stemless TESS shoulder arthroplasty allows an exact reconstruction of the
premorbid center of rotation (CoR). Additional parameters, such as the relation
between the pre- and postoperative CoR and the glenoid, the acromion as
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well as the proximal humerus are reconstructed. Thus, the data demonstrate
a precise restoration of the joint geometry with a good clinical outcome. A
loosening of the metaphyseal anchoring was not detected. Similarly to previous
studies, this article also demonstrates that even a slightly inaccurate humeral
neck cut can cause a clinically relevant medialized CoR.

Application

Surgical precision work and a highly modular prosthesis system with variable
sizes is needed to ensure a good clinical outcome. The use of the best-fit
circle method during the preoperative planning might be helpful to find the right
resection level and to choose the correct head size. During surgery, an exact
identification of anatomical landmarks is vital to find the correct level and angle
for the humeral neck cut. In some cases, intraoperative fluoroscopy might be an
additional support.

Terminology

TESS: Total Evolutive Shoulder System; DASH score: Disabilities of the Arm,
Shoulder and Hand score; CS: Constant score; CoR: Center of rotation; AHD:
Acromiohumeral distance; HO: Humeral offset; LGHO: Lateral glenohumeral
offset.
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