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Abstract

Introduction Conventional cementless total hip arthro-
plasty already shows very good clinical results. Never-
theless, implant revision is often accompanied by mas-
sive bone loss. The new shorter GTS™ stem has been
introduced to conserve femoral bone stock. However, no
long-term clinical results were available for this implant.
A biomechanical comparison of the GTS™ stem with the
clinically well-established CLS® stem was therefore pre-
formed to investigate the targeted stem philosophy.
Materials and methods Four GTS™ stems and four
CLS® stems were implanted in a standardized manner in
eight synthetic femurs. A high-precision measuring device
was used to determine micromotions of the stem and bone
during different load applications. Calculation of relative
micromotions at the bone—implant interface allowed the
rotational implant stability and the bending behavior of the
stem to be determined.

Results Lowest relative micromotions were detected near
the lesser trochanter within the proximal part of both stems.
Maximum relative micromotions were measured near
the distal tip of the stems, indicating a proximal fixation
of both stems. For the varus—valgus—torque application,
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a comparable stem bending behavior was shown for both
stems.

Conclusion Both stems seem to provide a compara-
ble and adequate primary stability. The shortened GTS™
design has a comparable rotational stability and bone-
implant flexibility compared to a conventional stem. This
study demonstrates that the CLS® stem and the GTS™
stem exhibit similar biomechanical behavior. However, a
clinical confirmation of these experimental results is still
required.

Keywords Hip arthroplasty - GTS - CLS -
Implant stability

Introduction

Conventional cementless total hip arthroplasty (THA)
already shows very good clinical results [1-3]. How-
ever, patients are getting younger and more active and so
increasing demands are being placed on the implant. As
implant revision surgery is a complex procedure, meth-
ods to enhance long-term survival and simplify revision
were further developed (e.g., changing from cemented to
cementless fixation) [4]. Shorter primary hip stems were
also developed to prevent the loss of bone stock. How-
ever, the shorter stem design may include a change in the
implant-bone fixation [5], an important factor for the long-
term success of the implant [6, 7].

One of these shorter implants is the cementless GTS™
stem (Biomet GmbH, Berlin, Germany) (Fig. la). The
manufacturer promotes the stem as a tissue- and bone-
sparing system [8]. The GTS™ stem design is based on
the three-dimensional tapered stem philosophy, similar to
the cementless CLS® stem (Zimmer GmbH, Winterthur,
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Switzerland) (Fig. 1b). Compaction of the bone combined
with the tapered body and longitudinal fins along the entire
length of the implant should mainly provide a proximal
fixation and avoid a distal cortical canal fit and fill. The
reduced implant length and reduced lateral shoulder should
support the option of minimal invasive surgery.

However, no long-term clinical results are available for
this new implant design. A long-term fixation is based on
osseointegration of the implant over time and requires an
adequate initial implant fixation (primary stability) dur-
ing surgery [7]. Obviously, osseointegration can hardly be
studied in vitro. However, the initial implant—bone fixation
can be biomechanically measured. We have already charac-
terized and compared the initial fixation pattern of multiple
implant designs in vitro [9-11]. Clinical observations (e.g.,
bone remodeling or radiographic implant fit) confirmed the
results of our experimental studies [9, 12, 13].

Therefore, the promoted objectives of the GTS™ stem
should be biomechanically validated with regards to the ini-
tial implant stability and bending behavior of the implanted
stem. A comparison of the GTS™ stem to the clinically
well-established CLS® stem should demonstrate whether
the targeted stem philosophy is similar. Determination of
the specific implant stability and the bending behavior of
the stems can provide answers to questions like: is the ini-
tial fixation (in terms of low micromotions) adequate for an
osseointegration, is a proximal fixation achieved or does the
reduced length have an effect on stem-to-bone flexibility?

Fig. 1 GTS™ stem (a) and CLS® stem (b)
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Materials and methods

Four GTS™ standard femoral stems (Offset 133°, size
+3) and four CLS® stems (Offset 125°, size 12.5) were
implanted by an experienced surgeon in a standardized
manner in eight synthetic femurs [composite bone 4th
generation (size large, left #3406), Sawbones® Europe,
Malmo, Sweden] after femoral neck resection. Both
implants were made out of a titanium-based alloy with
similar material properties (GTS™: titanium 6-aluminum
4-vanadium according to ISO 5832-3 and CLS®: titanium
6-aluminum 7-niobium according to ISO 5832-11). To
imitate the in vivo achieved press fit during hip surgery
[14], a material testing device (Frank-Universalpriif-
maschine 81816/B, Karl Frank GmbH, Weinheim-Birk-
enau, Germany) was used that applied standardized cyclic
loads of 25 x 2 kN followed by 25 x 4 kN. The loads
were applied with an impaction speed of 2.5 mm/min.
These utilities and methods reduced implantation variabil-
ity and served as a basis for a comparative measurement.
Radiography and post-measuring dye test proofed implant
fit and sizing.

The stem—bone compound was mounted in a well-estab-
lished implant stability-measuring device [9-11]. Linear
actuators were used to apply forces at the lever arm (Fig. 2).
A rope system was used to reduce counteractions and to
allow the implant—bone compound to define its own axis of
rotation. The lever arm was adapted to the implant and the

sensor

Fig. 2 Detailed
configuration

implant-bone setting including 3-2-1
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Fig. 3 Applied load situations. Axial torque around longitudinal stem
axis (a) and varus—valgus—torque (b)
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Fig. 4 Simplified characterization of exaggerated implant flexibilities
during varus—valgus—torque application. Arrows symbolize possible
force scenarios with high peak forces on the one hand, and regular
distributed forces on the other hand

bone was fixed distally. Two different cyclic load situations
were applied, based on different load situations occurring
on the hip stem in vivo during normal daily activities: (a)
Axial torque of £7 Nm around the longitudinal stem axis
to determine the rotational implant stability (Fig. 3a). (b)
Varus—valgus—torque of £3.5 Nm to determine the bend-
ing behavior of the stem (Fig. 3b). Bending behavior of
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Fig. 5 Defined measuring points of the implant (#1, #2) and of the
bone (#0, #3—#5) at different measuring levels

the stem in relation to bending of the bone could influence
stress distribution at the bone (Fig. 4). Applied loads were
downscaled from maximum occurring in vivo load situa-
tions [15] to enable non-destructive testing.

A two-parted cube system was attached to the implant
proximally and to each separate measuring point (Fig. 2).
Six linear variable differential transformers (LVDT, Type
P2010, Mahr GmbH, Géttingen, Germany) were used to
measure the micromotions of the stem (measuring points
#1 and #2) and of the bone (#0 and #3-5) at different sites
(Fig. 5). The LVDTs were arranged in a 3-2-1 configura-
tion to determine the three-dimensional motion of each
measuring point [9-11] (Fig. 2). Comparing the motions at
different sites during axial torque application allowed the
calculation of relative micromotions at the bone—implant
interface so that conclusions about rotational implant stabil-
ity could be drawn. Comparing the absolute micromotions
of the stem at different sites (measuring points #1 and #2)
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referred to trochanter minor during varus—valgus—torque
application with respect to their magnitude and direction
(medial or lateral) allowed the calculation of the specific
implant flexibility so that conclusions about the bending
behavior of the stem could be drawn. A factor for bend-
ing behavior was defined as f = m;, + mqg. With f: value
of flexibility; m,,: measured micromotion at the proximal
end of the implant; my: measured micromotion at the dis-
tal end of the implant. More detailed formulas and method
descriptions could be found in Négerl et al. [16] and Gortz
et al. [9].

Statistics

Data were expressed as mean =+ standard deviation (SD).
Based on previous studies [9—11] and the highly standard-
ized materials and methods, an amount of n = 4 tests per
implant was chosen. The main fixation of both implants
was characterized and these were compared to each other
with analyses of variance. A “least significant difference”
test (LSD) was calculated as a post hoc test. The flexibil-
ity of both implants was calculated and compared with a
Student’s ¢ test. All statistical tests were two-tailed, and a
p value <0.05 was considered significant. SPSS® version
20.0 (SPSS Inc., Chicago, IL, USA) was used for statistical
data analysis.

Results

Rotational torque around the stem axis: rotational primary
stability

In Fig. 6, the micromotions are compared for both designs
during rotational torque application. In relation to the abso-
lute motions of the implant (continuous line) and the bone
(dashed line), relative micromotions at the implant—bone
interface were displayed with arrows at each specific site
(proximal stem shoulder, trochanter minor and distal tip of
the stem) along the longitudinal axis of the implant.

No significant differences were observed with respect to
the fixation characteristic of both stems (p = 0.76). Low-
est relative micromotions were detected near the lesser
trochanter within the proximal part of both stems (GTS™
8.00 £ 0.95 mdeg/Nm vs. CLS® 6.49 + 0.87 mdeg/Nm,;
p = 0.26). Largest relative micromotions were measured
close to the distal tip of the stem for both designs (GTS™
12.88 4 0.89 mdeg/Nm vs. CLS® 12.32 =+ 3.68 mdeg/Nm;
p =0.67).

However, significant differences were observed for the
measuring sites of each separate stem. The micromotions at
the distal tip of the stem of both designs differed compared
to all other measuring points (GTS™ distal vs. proximal
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p < 0.01, vs. minor p < 0.01; CLS® distal vs. proximal
p < 0.01, vs. minor p < 0.01) indicating a proximal fixation
of both stems.

Varus—valgus—torque: bending behavior of the stem

In Fig. 7, the micromotions are compared for both designs
during varus—valgus—torque application. The measured
directions of micromotions at the proximal stem shoulder
and the distal stem tip characterized the bending behav-
jor of the stems. Similar to the CLS®, proximal and distal
motions of the GTS™ stem were directed medially. Both
stems seemed to behave flexibly, following the motion of
the bone instead of a more rigid like ‘tilting’. However,
no difference in flexibility (magnitude) between the two
types of stem was found (GTS™ (.60 £ 0.59 mdeg/Nm vs.
CLS® 0.95 + 0.31 mdeg/Nm; p = 0.35).

Discussion

We were aware of some limitations of this study. Most of
them refer to the debate on fundamental principles of com-
bining a standardized comparable in vitro test and clinical
practice in vivo. We tried to conclude on secondary stabil-
ity influences based on primary stability measurements.
Comparable in vivo tests including osseointegration were
almost impossible. Although human specimens would
reflect the in vivo behavior of the femur in a better way,
synthetic bones were known to offer a standardized way
of measuring and comparing different implants. Although
higher sample sizes were desirable, a sample size of n = 4
appeared to be sufficient based on the experience of pre-
vious studies [9-11] and the standardization of materials
and methods. Current results of the CLS® stem were com-
parable to former measurements, even though a past gen-
eration of synthetic bones was used [9], proving the high
standardization of these measurements. However, an 100 %
standardization was impossible due to the human factor
within rasping. Another limiting point was the offset angle
difference of the implants. Even though Fottner et al. [17]
denied an influence of different offsets on primary stability
using physiological loading conditions in case of the CLS®,
an impact of different offsets in our study is unknown.
The presence of drilling holes on the one side and the
low number of implant measuring points on the other side
is another study limitation. Past measurements showed
that an increased number of drilling holes and measuring
points did not improve the results. Drilling holes are essen-
tial to have an access to the implant surface, although they
are weakening the bone. The chosen number of drilling
holes and measurement points is, therefore, a compromise
between these two aspects and is based on our experience
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Fig. 6 Rotational stability of
the GTS™ stem (a) and CLS®
stem (b) in mdeg/Nm
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in previous studies [9-11]. The inclusion of bone flexibility
within the implant—bone interface micromotions is another
study limitation. However, this seemed to have a minor
influence on the results. In vitro observed implant behavior,
measured with this method [9] has been verified clinically
(e.g., CLS [2] and Alloclassic [3]).

Despite the current trend towards cementless hip arthro-
plasty [18], implant fixation is a crucial factor in THA. A
physiological force transmission from the implant to the
bone with low micromotions is essential for osseous sec-
ondary fixation for a satisfactory long-term survival of
the implant to be achieved [7]. Quantity and quality of the
remaining bone stock influence the surgeon’s choice for
the type of implant, e.g., short stem, conventional stem
or revision stem. However, each single implant has its

ed angle of rotation o,/Tz in mdeg/Nm

Distance from lesser trochanter in cm

own characteristic fixation behavior, which could be clas-
sified and compared to other implants [9, 19]. Obviously
extended bone defects are accompanied by revision and
tumor systems that fixate distally in the diaphyseal cortical
bone. However, smaller bone defect situations with intact
metaphyseal parts enable a proximally supported fixation.
Conventional cementless primary hip stems often combine
a metaphyseal and diaphyseal fit, although the specific
fixation characteristic might change depending on implant
geometry [19]. Both proximal fixation (e.g., CLS® stem;
e.g., 94 % survival rate after 12 years [2]) and distal fixa-
tion (e.g., Zimmer Alloclassic® stem; e.g., 98 % survival
rate after 15 years [3]) might result in good long-term sur-
vival. However, a “non-physiological” distal load transfer
might result in problems such as thigh pain [20] or stress

@ Springer



724

Arch Orthop Trauma Surg (2014) 134:719-726

Fig. 7 Mediolateral bending a GTS™
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shielding [5, 21], which might lead to loosening of the stem
followed by implant revision [22]. The short-stem philos-
ophy has now been introduced, aimed at avoiding stress
shielding and conserving proximal bone stock by proxi-
mal metaphyseal load transfer. Chechik et al. [18] reported
about a growing interest on the use of minimal invasive
approaches within a survey of current trends and common
practices in THA.

The targeted proximal fixation of the new shortened
GTS™ stem in the proximal femoral diaphysis could be
confirmed in this experimental study. Compared to short
stems, the mainly proximal fixation was additionally dis-
tal guided by diaphyseal cortical contact. These results are
further supported by excellent first clinical results with a
survival rate of 100 % at a follow-up of 16 months [23].
However, these are only early results that still have to be
confirmed.

With reference to previous studies [9-11], the low rela-
tive micromotions of both groups seem to indicate an ade-
quate primary stability of the stems. The GTS™ stem and
the CLS® stem both revealed a proximally located main
fixation of the stem, confirming the promoted fixation char-
acteristic. Based on our results, the proximal fixation may
be assigned to different reasons: compaction of the bone,
the tapered body or the longitudinal fins. The GTS™ stem
has fins along the entire length of the stem, unlike the
CLS® stem with fins only in the proximal part of the stem.
This might indicate a lower importance of the longitudinal
fins in the distal region of the GTS™ stem. Compaction of
the bone or the three-dimensional tapered design might be
more important for proximal fixation. With regards to the
increased micromotions in the distal part of the stems, the
aim of avoiding a distal cortical canal fit and fill seems to
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be confirmed. The shortened GTS™ design appears to have
a comparable rotational stability compared to a conven-
tional stem. Also the stem elasticity during varus—valgus—
torque application was comparable. Both stems seem to
follow the bending of the bone instead of ‘tilting’ within
the femur.

Several studies focused on implant fixation of shorter
or short-stem designs. However, as different methods
were used, the comparison of these results is limited and
a global statement on implant fixation is difficult to be
drawn. Depending on study type (e.g., bone density anal-
ysis [24], migration measurement with roentgen stereom-
etry analysis [25], loosening determination with vibra-
tional techniques [26, 27], finite element modeling [28,
29], cortical stress measurement with strain gauges [30] or
measurement of interface motions [31-33], fixation char-
acteristics have been determined. Assumed interactions
between, e.g., interface motions, fixation characteristic or
bone reaction help to draw conclusions (e.g., low distal
interface motions > distal diaphyseal fixation or distal cor-
tical hypertrophy > proximal stress shielding > proximal
atrophy). Kress et al. [24] reported about decrease of proxi-
mal metaphyseal bone density after 7 years follow-up of
the C.E.P. stem. The promoted metaphyseal fixation of this
short stem seemed to turn out to be at least partly diaphy-
seal fixating similar to the measured GTS™ stem. One out
of 49 stems had to be revised due to aseptic loosening. San-
tori et al. [5] observed 50 % proximal bone resorption and
15 % distal cortical hypertrophy within a mean of 8 years
follow-up after implantation of a short-stem design in 131
cases. These findings might include a partly diaphyseal fix-
ation as well. However, no stem had to be revised. Fottner
et al. [34] concluded on high risks for stress shielding for
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the biomechanically tested short stems, Metha and Mayo.
Clinically, the Mayo stem revealed good mid-term outcome
(e.g., 97.5 % survivorship after a mean of 4.7 years [35].
Bieger et al. [36] experimentally compared the short Mayo
stem, the shortened Fitmore™ stem and the standard CLS®
stem regarding primary stability and strain distribution.
They concluded the short stem not to be inferior regard-
ing primary stability. In addition, the shortened Fitmore™
design seemed to reveal a lower tendency of stress shield-
ing. However, distal cortical hypertrophies were observed
clinically after implantation of the shortened Fitmore™
design [37]. Westphal et al. [31] revealed lower micromo-
tions of the tested Proxima™ short stem compared to two
conventional stems. Early clinical results reported of an
increased bone density 1 year after surgery [38], as well
as of a decreased bone density after mean follow-up of
1.7 years [39] with this short-stem design. However, long-
term survival of these short stems and shorter conventional
stems is not well supported.

To conclude, this study demonstrated that the CLS®
stem and the GTS™ stem exhibit similar biomechanical
behavior. However, a clinical confirmation of these experi-
mental results is still required.
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