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Trabecular metal tibial knee component still stable at 10 years
An RSA study of 33 patients less than 60 years of age
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Background and purpose — Total knee replacement (TKR) in
younger patients using cemented components has shown inferior
results, mainly due to aseptic loosening. Excellent clinical results
have been reported with components made of trabecular metal
(TM). In a previous report, we have shown stabilization of the TM
tibial implants for up to 5 years. In this study, we compared the
clinical and RSA results of these uncemented implants with those
of cemented implants.

Patients and methods — 41 patients (47 knees) aged < 60 years
underwent TKR. 22 patients (26 knees) received an uncemented
monoblock cruciate-retaining (CR) tibial component (TM) and 19
patients (21 knees) received a cemented NexGen Option CR tibial
component. Follow-up examination was done at 10 years, and 16
patients (19 knees) with TM tibial components and 17 patients (18
knees) with cemented tibial components remained for analysis.

Results — 1 of 19 TM implants was revised for infection, 2 of
18 cemented components were revised for knee instability, and no
revisions were done for loosening. Both types of tibial components
migrated in the first 3 months, the TM group to a greater extent
than the cemented group. After 3 months, both groups were stable
during the next 10 years.

Interpretation — The patterns of migration for uncemented
TM implants and cemented tibial implants over the first 10 years
indicate that they have a good long-term prognosis regarding fixa-
tion

The incidence of total knee replacement (TKR) in younger
patients has increased dramatically in the last decades (W-Dahl
et al. 2010, Leskinen et al. 2012). However, the results of TKR
in this group of active patients are inferior (Julin et al. 2010,
W-Dahl et al. 2010), which is often due to aseptic loosening
(Harrysson et al. 2004, Julin et al. 2010, Odland et al. 2011).

Radiostereometric analysis (RSA) studies have shown contin-
uous migration of the tibial implant in cemented TKRs, indi-
cating bone resorption under the implant and suggesting that
there is an unstable interface (Carlsson et al. 2005, Nilsson et
al. 2006). Such continuous migration has not been found in
uncemented implants coated with hydroxyapatite (Carlsson et
al. 2005, Nilsson et al. 2006, Molt and Toksvig-Larsen 2014).

Trabecular metal (TM) has several theoretical advantages.
Bony ingrowth and sufficient biological fixation have been
shown in animal studies (Bullens et al. 2010, Rahbek et al.
2005) and also in retrieved human specimens (D’Angelo et
al. 2008, Sambaziotis et al. 2012). Excellent cellular adher-
ence, growth, and differentiation of osteocytes to the TM sur-
face was found by Balla et al. (2010) and Sagomonyants et al.
(2011).

Numerous studies using TM tibial components have shown
excellent clinical results after 5—8 years of follow-up (Kamath
et al. 2011, Ghalayini et al. 2012, Fernandez-Fairen et al.
2013, Niemeldinen et al. 2014, Hayakawa et al. 2014, Pulido
et al. 2015). There were no revisions for aseptic loosening of
the tibial component in any of these studies.

We have previously presented the 2-year (Henricson et al.
2008) and the 5-year results (Henricson et al. 2013) of an
RSA study comparing uncemented TM CR monoblock tibial
components with cemented NexGen CR tibial components
in patients less than 60 years of age. These studies showed
that after an initial settling over the first 3 months, both the
TM implants and the cemented tibial implants stabilized up
to 2 years and that the stability was maintained up to 5 years
postoperatively. We concluded that this migratory pattern
was possibly a good sign concerning long-term fixation, but
emphasized the need for longer follow-up. We continued the
follow-up of these patient cohorts, and now report the results
after 10 years.
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Table 1. Flow chart of the patients

NexGen cemented
Patients Knees

Trabecular metal
Patients Knees

Initially operated 22 26 19 21
Women : men 11:11 12:7
Losses up to 2-year follow-up

No postop. RSA 1 1

Revision (infection) 1 1

Dementia 1 1
Available at 2 years 20 24 18 20
Losses between 2- and 5-year follow-up

Deceased 1 1

Moved abroad 1 1
Available at 5 years 18 22 18 20
Losses between 5- and 10-year follow-up

Too ill to attend 1 2

Refused to attend 1 1

Revision (instability) 1 2
Available at 10 years 16 19 17 18
Women : men 9:7 10:7

Patients and methods

This study was originally designed as a randomized clinical
trial comparing uncemented monoblock TM tibial components
with cemented modular tibial components of the NexGen
Option cruciate-retaining (CR) design (Zimmer, Warsaw, IN).
For logistical reasons, this was changed to a comparison of 2
consecutive series of patients who were operated in succes-
sion by a single surgeon, first operating the TM implants and
immediately afterwards the cemented ones (Henricson et al.
2008).

Inclusion criteria were primary or secondary osteoarthri-
tis (OA) of the knee with symptoms warranting surgery, age
below 60 years, and weight below 120 kg. Consecutive eli-
gible patients on the waiting list at Falu General Hospital were
asked to participate, and all of them agreed. The TM implants
were inserted first (from May 2003 to April 2004) in 22
patients (26 knees), and the cemented implants were inserted
thereafter (from September 2004 to February 2005) in 19
patients (21 knees). 6 patients had simultaneous bilateral knee
arthroplasty: 4 were operated with bilateral TM implants (8
knees), and 2 received bilateral cemented implants (4 knees)
(Table 1). The femoral component was either cemented or
uncemented (according to randomization), which has been the
subject of another study (Gao et al. 2009).

The posterior cruciate ligament was retained in all cases but
balanced when needed. An all-polyethylene patellar compo-
nent was used when the osteoarthritic disease had produced
a concave patellar articular surface (3 patients in each group).

For the RSA analysis, 6 tantalum markers were inserted into
the polyethylene of the monoblock TM implant. To eliminate
potential errors of measuring modular polyethylene com-
ponent motion in relation to the metal tray in the cemented
implants, the tibial tray was equipped by the supplier with

5 tantalum markers encased in titanium rods attached to the
underside of the titanium tibial component (n = 4) and at the
tip of the stem (n = 1). Thus, in the cemented implants tanta-
lum markers in the polyethylene were not used for analysis. In
all knees, 9 tantalum markers were spread out in the metaphy-
sis of the tibia.

The initial RSA examinations were performed a mean of 4
(2-7) days after the operation. Subsequent examinations were
done at 6 weeks, at 3, 12, and 24 months, and at 5 years (Henric-
son et al. 2013). The 10-year examinations described here were
performed in December 2014 and January 2015. The patients
were examined supine using a biplanar calibration cage (Cage
10; RSA Biomedical, Umed, Sweden). At the first reference
examination, the knee was positioned with its anatomical axes
parallel to the cardinal axes of the calibration cage.

RSA was performed using UmRSA software (version 6.0;
RSA Biomedical) according to a technique described previ-
ously (Henricson et al. 2008, 2013).

The relative movements of the tibial component in rela-
tion to bone were measured using the markers in the tibial
metaphysis as the fixed reference segment. The rotations were
expressed about the transverse, longitudinal, and sagittal axes
of the knee. In order to ensure identical points of measurement
for the translations in different knees, standardized positions at
the periphery of the tibial tray were constructed as previously
described (Nilsson et al. 1991). Translations were expressed
as the maximum total point motion (MTPM) (Ryd 1986),
subsidence, and lift-off. In each implant, the largest negative
value for translation of the standardized positions along the
y-axis was called maximum subsidence, and the largest posi-
tive y-translation was called lift-off. These movements were
measured with both the postoperative investigation and the
3-month investigation as reference.

At least 5 different methods have been published proposing
to indicate the prognostic value of RSA. To test the value of
these methods, we performed the following analyses, which
will be referred to as analyses I-V.

We calculated the change in MTPM between 1 and 2 years
(analysis I), and between 2 and 5 years (analysis II). An
increase in MTPM of more than 0.2 mm between the first and
second year, and of more than 0.3 mm between the second
and fifth year has been considered to be continuous migration
according to the definition (modified continuous migration,
MCM) established by Ryd et al. (1995) and used by Wilson
et al. (2012).

We calculated the rate of migration (MTPM) per year up to
2 years (analysis III) with the postoperative examination as
reference, according to Pijls et al. (2012b). In their paper, the
migration between postoperatively and 6 months, between 6
months and 1 year, and between 1 year and 2 years was calcu-
lated. Since there was no 6-month investigation in the present
study, the 3-month investigation was used instead.

We calculated the rate of migration (MTPM) per year up to
10 years (analysis IV) with the 1-year examination as refer-
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Table 2. Migration at 10 years with postoperative examination as reference. In patients who were operated bilaterally,

only the first-operated knee was included

Trabecular metal

NexGen cemented

At 10 years Median IQR Mean 95% ClI Median IQR Mean 95% ClI

X-axis rotation [flexion-extension] 2 0.44 0.23-0.64 0.43 0.27-0.59 0.22 0.16-0.36 0.22 0.11-0.33
Y-axis rotation [internal-external]2 0.48 0.32-0.79 0.45 0.22-0.68 0.18 0.16-0.36 0.17 0.09-0.25
Z-axis rotation [varus-valgus] 2 0.30 0.13-0.59 0.22 0.05-0.39 0.11 0.10-0.26 0.11 0.01-0.22
MTPM, mm 0.85 0.61-1.52 0.93 0.87-0.99 0.34 0.24-0.64 0.37 0.25-0.49
Maximum lift-off, mm 0.00 0.00-0.09 0.01 0.00-0.02 0.11 0.06-0.23 0.11 0.09-0.13
Maximum subsidence, mm 0.67 0.36-1.51 0.66 0.34-0.98 0.10 0.05-0.30 0.18 0.08-0.28

2 degrees, absolute value.

IQR: interquartile range; 95% CI: 95% confidence interval for the mean. MTPM: maximum total point motion.

ence, according to Pijls et al. (2012a). Finally, the magnitude
of MTPM at 12 months with the postoperative examination as
reference was determined in every patient (analysis V) (Pijls
et al. 2012c¢).

The repeatability of the RSA measurements was calculated
using double examination as described by Ranstam et al.
(2000). Significant rotations at the 95% significance level were
> 0.25° (transverse), > 0.26° (longitudinal), and > 0.17° (sagit-
tal). Corresponding values for y-translation were > 0.11 mm.

Clinical evaluation was performed using the knee score,
pain score, and function score of the Knee Society (Insall et al.
1989). We also analyzed the presence and size of radiolucent
lines as described by the Knee Society (Ewald 1989).

Between the previously published 5-year follow-up (Henric-
son et al. 2013) and the present 10-year follow-up, 3 additional
patients (5 knees) could not be analyzed. The general health of
1 patient (with 2 TM implants) was too poor for him to attend,
and 1 patient (with 1 TM implant) refused to attend. Finally, 1
patient with bilateral cemented NexGen tibias sustained severe
ligamentous laxity in both knees after a fall. She underwent
several operations and finally received bilateral NexGen RHK
revision implants. Her initial implants were found to be firmly
fixed to bone at the time of revision (Table 1).

Statistics

Since the main interest of the study was the amount and pro-
gression of migration, we analyzed only absolute values of
parameters for which both negative and positive values were
possible (the sign being an indication of the direction of move-
ment).

Since the migration data were not normally distributed
(according to the Shapiro-Wilk and Pearson tests for normal-
ity), the median and interquartile range are given in the tables.
After log transformation of the data, normality was achieved,
and mean and 95% CI could be calculated and then re-trans-
formed back to the original scale. These data are given in the
tables and figures for easier visual display. For statistical anal-
ysis, the median difference and the corresponding 95% CI for
the median difference for each migration and clinical param-
eter were calculated as described by Campbell and Gardner

(1988). There was statistical significance between groups
when the CI for the median difference did not include 0. In
addition, Mann-Whitney U-test was used. For comparison of
migration over time, Wilcoxon signed-rank test was used. Any
p-value less than 0.05 was considered significant.

For patients with bilateral operations, only the first-operated
knee was included in the statistical calculations.

Ethics

The study was approved by the ethics committee of Umea
University (entry no. Um 03-004).

Results

Implant migration

At 10 years, the TM implants showed statistically significantly
more rotation around the x- and y-axes, and significantly more
translation measured as maximum subsidence and MTPM.
In contrast, the NG implants showed greater maximum lift-
off, whereas there was no difference between the groups
in z- axis rotation (Table 2 and Table 3, see Supplementary
data). However, as was shown already in the 5-year follow-up
(Henricson et al. 2013), nearly all migration in both groups
occurred within the initial 3 months with stabilization thereaf-
ter. We therefore calculated the migration at 10 years using the
3-month examination as reference (Table 4). There were no
statistically significant differences between the groups except
for subsidence: with a median difference in subsidence of 0.10
mm (95% CI: 0.01-0.17; p < 0.02) (Table 5, and Figures 1
and 2). 1 TM tray showed an MTPM of more than 0.2 mm
between 1 and 2 years (Ryd et al. 1995). It stabilized thereaf-
ter, and showed a change in MTPM between 2 and 5 years of
only 0.03 mm, and between 2 and 10 years of 0.07 mm. No
TM implants showed a change in MTPM of more than 0.3
mm between 2 and 5 years, or between 2 and 10 years. In the
NexGen cemented group, no implants showed MTPM of more
than 0.2 mm between 1 and 2 years. One implant had MTPM
of more than 0.3 between 2 and 5 years, and 3 implants had
MTPM of more than 0.3 mm between 2 and 10 years.
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Table 4. Migration at 10 years with 3-month examination as reference. In patients who were operated bilaterally, only the

first-operated knee was included

Trabecular metal

NexGen cemented

At 10 years Median IQR Mean 95% ClI Median IQR Mean 95% ClI

X-axis rotation (flexion-extension) 2 0.22 0.02-0.37 0.15 0.02to0 0.28 0.11 0.05-0.38 0.12 0.04t00.20
Y-axis rotation (internal-external)@ 0.12 0.03-0.40 0.09 -0.02to 0.20 0.16 0.10-0.40 0.17 0.09to0 0.25
Z-axis rotation (varus-valgus) @ 0.10 0.03-0.17 0.08 -0.01t00.17 0.14 0.06-0.23 0.11 0.04t00.18
MTPM, mm 0.39 0.22-0.62 0.37 0.23t0 0.51 0.39 0.20-0.58 0.34 0.22t00.46
Maximum lift-off, mm 0.10 0.02-0.20 0.06 -0.02to00.14 0.12 0.06-0.16 0.06 -0.02to00.14
Maximum subsidence, mm 0.21 0.15-0.32 0.19 0.12t00.26 0.07 0.05-0.21 0.15 0.06to00.24

2 degrees, absolute value.

IQR: interquartile range; 95% CI: 95% confidence interval for the mean. MTPM: maximum total point motion.

Table 5. Median differences and 95% CI for migration at 10 years
between trabecular metal (TM) and NexGen cemented (NG) tibial
components with 3-month examination as reference. In patients
who were operated bilaterally, only the first-operated knee was
included

NG - TM at 10 years

Median difference  95% Cl @ p-value P
X-axis rotation -0.06 -0.24 to 0.06 0.6
Y-axis rotation 0.04 -0.15 to 0.16 0.5
Z-axis rotation 0.10 -0.08 to 0.10 0.3
MTPM -0.55 -0.94 to -0.24 0.02
Maximum lift-off 0.00 -0.08 to 0.07 0.9
Maximum subsidence  -0.10 0.01 to 0.17 0.02

295% confidence interval for median difference.
b Mann-Whitney U-test.

Excluding the initial migration over the first 3 months, the
annual migration was very low in both groups of implants
(Table 6, see Supplementary data). Using the 1-year examina-
tion as reference, the TM implants had a mean MTPM of 0.031
(95% CI: —0.10 to 0.16) mm/year, and the NexGen cemented
implants had a mean MTPM of 0.032 (95% CI: —0.06 to 0.12)
mm/year up to 10 years (ns) (Pijls et al. 2012a).

Using the criteria of Pijls et al. (2012c), only 4 out of the
19 TM implants showed acceptable migration (MTPM of <
0.5 mm) at 12 months. 10 had a migration at risk (MTPM of
between 0.5 and 1.6 mm) and 5 had unacceptable migration
(MTPM of > 1.6 mm). The corresponding values for the 18
NexGen implants were 12, 6, and 0, respectively.

Radiographic findings

Thin radiolucent lines (< 1 mm) were found in 9 TM knees on
the postoperative radiographs. All but 1 had disappeared at 2
years, and the remaining line had also disappeared at 5 years.
At 10 years, no radiolucent lines could be detected, and there
was seemingly close attachment of the bone to the tibial tray
and pegs.

Subsidence, mm
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Figure 1. Maximum subsidence of the tibial component in the 2 groups

with postoperative and 3-month examinations as reference. Mean with
95% CI (whiskers).
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Figure 2. Maximum total point motion (MTPM) of the tibial component

in the 2 groups, with postoperative and 3-month examinations as refer-
ence. Mean with 95% CI (whiskers).
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In the cemented NexGen group, thin radiolucent lines (< 1
mm) were found in 10 knees at 2 years. At 5 years, only 5 of
these lines could be detected. At 10 years, these lines were
only found in 3 knees. The lines were located at the most
medial centimeter of the tibial tray, and none of them were
progressive.

Clinical findings

At 10 years, there were no statistically significant differences
in Knee Society knee score, pain score, and function score
between the 2 groups (Table 7, see Supplementary data).

Discussion

The main finding of this study was that the TM implants con-
tinued to be firmly fixed to bone for 10 years, with stabilization
from 3 months onwards after the early initial migration. This
pattern of migration has been shown to indicate a benign inter-
face with possible bony in- or ongrowth (Bellemans 1999). In
our previous paper on this patient cohort, we concluded that
the migration pattern from 3 months to 5 years indicated an
excellent result concerning long-term fixation (Henricson et
al. 2013), and the present results at 10 years corroborate this
finding.

One weakness of the study was the small number of
patients. However, no implants were revised for loosening and
the results at 10 years were similar to those at 5 years. Thus,
we do not believe that the small numbers were an important
limitation of the study.

In recent years, several clinical studies have shown excel-
lent clinical results for the TM implants in the 5- to §-year
perspective with very few (if any) revisions due to aseptic
loosening (Kamath et al. 2011, Milchteim and Unger 2011,
Ghalayini et al. 2012, Fernandez et al. 2013, Hayakawa et al.
2014, Niemeldinen et al. 2014, Pulido et al. 2015). The only
exception is the study by Meneghini and de Beaubien (2013),
who found 9 early loose tibial components in 106 posterior
stabilized TM implants, the majority occurring in tall, heavy
men. This contrasts with the results from the Finnish Arthro-
plasty Registry which showed that, although the patients who
received TM implants were younger and were more likely to
be men (compared to those who received cemented implants),
the 7-year survival rate was 100% with revision due to aseptic
loosening as endpoint (Niemildinen et al. 2014). Also, in the
Swedish Arthroplasty Registry the risk ratio for revision for
the TM implant is lower than that for the cemented NexGen
implant, although patients receiving the TM implant are gen-
erally younger and more often male (Sundberg et al. 2015).
Thus, the good long-term clinical results regarding fixation in
uncemented total knee arthroplasty appear to be in keeping
with the RSA migratory pattern of stabilization after the initial
postoperative settling, as found in the present study. This is
also in accordance with findings in other studies of both the

knee (Grewal et al. 1992, Ryd et al. 1995, Pijls et al. 2012b)
and the hip (Strom et al. 2006, Terré 2010, Wolf et al. 2010,
Vidalain 2011, Callary et al. 2012).

The excellent results and a pristine implant-bone interface
with no radiolucent lines seen in any TM implants in the pres-
ent study correspond to what has been reported for the same
implant (Milchteim and Unger 2011, Kamath et al. 2011, Gha-
layini et al. 2012, Hayakawa et al. 2014). This may reflect
some specific features of how TM interacts with bone. TM has
been found to stimulate the attachment of—and mineralization
by—human osteoblasts to a much greater extent than porous
Ti controls (Balla et al. 2010, Sagomonyants et al. 2011). This
may be an explanation for the finding of TM having superior
bony gap healing properties compared to glass bead-blasted Ti
alloy (Rahbek et al. 2005). Also, the apparent elastic modulus
of trabecular tantalum being close to that of bone may be an
advantage, minimizing the teeter-totter behavior usually seen
with uncemented titanium or chromium-cobalt tibial trays
(Nilsson and Kirrholm 1993, Zardiackas et al. 2001).

It is well known from other RSA studies that uncemented
implants (both hip and knee) show much greater early migra-
tion compared to cemented fixation (Nilsson et al. 1999, 2006,
Kirrholm et al. 1998, Henricson et al. 2008, Wilson et al.
2012). There are several reasons for this. Directly after the
implantation, the immediate fit between the implant and bone
is not perfect. The preparation of the bone bed creates irregu-
larities (Toksvig-Larsen and Ryd 1991), and the cutting pro-
cess generates heat and therefore necrosis of the bone, which
will eventually be resorbed (Toksvig-Larsen et al. 1990). Also,
the bone quality may vary between patients (Li and Nilsson
2000). Thus, the uncemented implant will migrate/settle and
compress the underlying bone until it is strong enough to sup-
port the implant. As these factors vary between patients, the
amount of initial migration will also vary, resulting in large
dispersion around the mean, as can be seen in this report.
Cemented fixation, on the other hand, implies immediate firm
fixation of the implant, and the postoperative bone resorption
that occurs will be much smaller, with smaller dispersion of the
mean. If this difference in initial migration between cemented
and uncemented fixation is sufficiently large immediately
after surgery, a difference will be apparent even at the 10-year
follow-up—even if the uncemented implants are completely
stable from 3 months onwards. In the present study, this phe-
nomenon was clearly seen where the magnitude of migration
at 10 years was lower for the cemented NexGen implants for
all parameters except z-axis rotation, when using the postop-
erative examination as reference. From this, one can conclude
that just comparing the magnitude of migration between dif-
ferent types of fixation is not meaningful, especially when
comparing cemented and uncemented fixation.

Measurement of migration in a manner similar to how poly-
ethylene wear in hip arthroplasty cups is measured would
be more adequate. In polyethylene wear measurements of
hip arthroplasty, the initial “bedding in” can vary consider-
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ably between polyethylenes and it is normally judged to be
unimportant in terms of wear. Instead, the penetration over
time of the femoral head, occurring after the initial “bedding
in”, is what is calculated as actual wear. Analogous to that,
the magnitude of the initial settling is not as important as the
pattern and magnitude of migration over time. The pattern of
migration is therefore much more important for analysis of
implant fixation than the magnitude of fixation. Stabilization
after the initial settling should be interpreted as a good sign
concerning long-term fixation, whereas continuous migration
is an ominous sign.

Several methods have been proposed to indicate the prog-
nostic value of RSA. Common to most of them is analysis of
the magnitude of the change in migration (MTPM) over time
as an indicator (Ryd et al. 1995, Wilson et al. 2012, Pijls et al.
2012a,b). By using any of these methods on the present TM
material, we can conclude that all of them were able to prog-
nosticate the long-term result, as no implant showed MTPM of
> 0.3 mm between 2 and 5 years, stabilized between 3 months
and 2 years, or had an annual migration rate of only 0.031 mm
per year. The magnitude of MTPM at 12 months (Pijls et al.
2012c) cannot, however, be used as an indicator of probable
future aseptic loosening of uncemented implants. According
to this definition, 80% of the TM implants in the present study
would have been at risk of late loosening at 10 years.

In summary, the present study shows that the uncemented
TM tibial components continue to be stably fixed to the bone
for 10 years in younger patients.

Supplementary data

Tables 3, 6, and 7 are available on the website of Acta Ortho-
paedica (www.actaorthop.org), identification number 10014.

AH performed the surgery, performed the follow-ups, and analyzed the data.
KGN initiated the study and analyzed data. Both authors wrote the manu-
script.

This study was supported by institutional grants from Zimmer and Umea Uni-
versity, Umed, Sweden.
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