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Abstract Controversy still exists regarding which
cementation technique of the tibial component is prefera-
ble. Full cementation showed excellent long-term out-
comes, and surface cementation with fixed-bearing designs
provided excellent mid-term results. Concerns have been
expressed about possible rotary forces to the tibial rotating
platform, when the tibial stem remains cementless, with the
risk of early loosening. The purpose of this study was to
evaluate the rate of early loosening and radiolucency lines
in 70 consecutive unidirectional rotating platform, poster-
ior stabilized, total knee arthroplasties, using surface
cementation. Multivariate analysis was performed to
identify any correlations between early loosening or
radiolucency lines and clinically relevant covariates: age,
sex, BMI, follow-up time, cement penetration, radiolu-
cencies, tibial slope, femoral flexion, frontal alignment,
pre-operative and post-operative Knee Scores. The tibial
plateau was divided into four zones in antero-posterior
view and into two zones in lateral view, and the cement
penetration was evaluated in each zone. The mean follow-
up was 43 months (SD 14), and the average patients’ age
was 73 (SD 7). The Knee Score averaged 91 (SD 8) and the
Function score 86 (SD 17) at last follow-up visit. The
cement penetration was >2 mm in all zones. No early
loosening was detected, but in five asymptomatic patients
(7%) radiolucency was noted around the tibial stem. The
presence of radiolucent lines was not correlated with any of
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the covariates. The rate of early loosening and radiolu-
cency lines with mobile tibial tray and surface cementation
is comparable to other studies using different cementation
techniques or surface cementation combined with fixed
platform total knee arthroplasties.

Keywords Knee - Osteoarthritis - Total knee
arthroplasty - Cementing technique - Surface cementation

Introduction

A stable primary fixation is one of the most important
factors influencing the longevity of a total knee arthro-
plasty (TKA) [14]. Nevertheless, the most reliable cement
fixation technique for the tibial component is still contro-
versial. Proponents of full cementation of the tibial com-
ponent (cementation of both undersurface and stem) state
that this technique provides better short- and long-term
fixation [9, 12]. On the other hand, advocates of surface or
hybrid cementation (cementation of the undersurface only)
and press-fitting of the tibial stem state that a sufficient
implant stability is achieved, with decreased metaphyseal
bone loss in case of revision and without the potential
stress shielding effect [18, 21, 22].

The surface cementation technique demonstrated
excellent mid-term results, when using fixed-bearing
devices [9], and biomechanical properties comparable to
full cementation technique, most of all when the under-
surface cement mantle is around 3 mm [3, 9, 10, 18, 25].

Mobile-bearing tibial components were designed to
reduce polyethylene wear and stresses across fixation
interfaces [4]. Nevertheless, very little is known about the
use of combined surface cementation and rotating-platform
devices. Mobile-bearing designs showed in vitro a higher
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micromotion rate when fixed with hybrid technique com-
pared to full cementation [14] and concerns have been
expressed about possible early loosening in vivo, but no
clinical outcomes are reported in the literature. Aseptic
failure of tibial component fixation occurring within
2 years from the first implant is considered as early loos-
ening [9, 16].

The starting hypothesis of this clinical study was that,
with mobile-bearing TKAs and surface cementation, the
rate of early loosening and radiolucency lines around the
tibial tray would have been comparable to other designs
and fixation techniques. Every correlation between early
loosening or radiolucency lines and clinically relevant
covariates was investigated to determine the risk factors for
these conditions.

Materials and methods

Between 2003 and 2005, 70 consecutive primary total knee
replacements with unidirectional rotating platform (URP)
posterior stabilized (PS) TKAs (NexGen® Complete Knee
Solution Legacy® Posterior Stabilized Mobile-Bearing
Knee, Zimmer, Inc, Warsaw, IN) were performed in 62
patients. Forty-two patients were women, and twenty were
men. The average patients’ age at surgery was 73 (range
55-85, SD 7). The average body mass index (BMI) was
25.8 (SD 5.3). The mean follow-up was 43 months (range
37-61, SD 14). The diagnosis was primary osteoarthritis in
59 knees (84%); primary osteoarthritis (previously sub-
jected to osteotomy) in 3 knees (4%); post-traumatic
arthritis in 4 knees (6%); rheumatoid arthritis in 4 knees
(6%). Coronal deformity was varus in 53 (76%) knees,
valgus in 8 (11%), while 9 (13%) knees presented preop-
erative neutral alignment. A surface tibial cementation
technique with stem press-fitting was used in all the cases.

Cementation technique

The NexGen-LPS URP (Zimmer, Warsaw, IN) was used in
all patients, without patellar resurfacing.

The tourniquet was inflated after bone cut executions,
soft tissue balancing and trial components positioning. A
pulsatile lavage was performed to avoid excessive bleeding
during the cementation phase. Once the appropriate con-
sistency and viscosity (usually 5-6 min after mixing) was
achieved, the cement (Cemex System, Tecres Spa, Italy)
was placed directly on the undersurface of the tibial (not on
the stem) and femoral components, with small amount on
the posterior condyles.

An oval-shaped amount of cement was positioned on the
tibial surface, and digital compression was used to force
the cement into the cancellous bone. The tibial component

was impacted in place, and the cement exceeding was
carefully removed.

A horseshoe-shaped piece of cement was placed over
the anterior and distal surface of the prepared femur, and
digital compression was used as previously described. The
femoral component was then impacted. Then, the trial
insert was positioned, and the knee was kept in extension
until the complete polymerization of the cement, while
copious saline lavages were performed. After having
checked the absence of loose cement bodies, the polyeth-
ylene tray was implanted and the tourniquet deflated.

All patients followed the same post-operative rehabili-
tation protocol, starting continuous passive motion (CPM)
the day after surgery and beginning full weight bearing as
tolerated 2 days after surgery. CPM was continued for
3 weeks post-operatively.

All patients were followed prospectively and evaluated
clinically and radiographically at 3 and 6 months, at one
year and every year thereafter.

Two independent observers performed clinical [10] and
radiological [6] assessments, using the Knee Society Score
(KSS). Data were collected and tabulated using Microsoft
Excel 2003 (Redmond, WA). Preoperative, early post-
operative, and final follow-up standing antero-posterior,
lateral, and Merchant digital X-ray views were analyzed.
Radiographs were taken tangential to the tibial tray bone-
cement interface. This provided adequate visualization of
the cement layer. The radiographs were evaluated for
radiolucency at the bone—cement interfaces around the two
components and around the tibial stem according to
the method of the Knee Society [6]. Every change in the
position of the components, femoral-tibial alignment in the
coronal plane, and osteolysis was recorded. The osteolysis
was defined as an expanding area of focal radiolucency of
at least 1 cm, as described by Rodriguez et al. [20].

The radiographs were acquired digitally with a DICOM
(Digital Imaging and Communications in Medicine) stan-
dard, and the measurements were made using a Fuji®
DICOM viewer. To standardize the image acquisition and
to test the accuracy of the measurements, a magnification
marker was used (5 Euro cents coin, diameter 2 cm). On the
first post-operative antero-posterior and lateral views, the
angles between the anterior tibial crest and the tibial com-
ponent were measured. These angles were used to position
the X-ray beam and acquire radiographs tangential to the
tibial tray during the follow-up visits. Furthermore, the
thickness of the metal tray was measured on the DICOM
viewer, and this value compared to the real dimension of the
implant in order to confirm the radiograph was tangential to
the tibial plateau. The cement mantle bone penetration was
measured dividing the tibial surface into 4 zones [9] on the
anterior-posterior view (from medial to lateral the regions
are 1,2, 3 and 4) and in 2 zones in lateral view (1 and 2 from
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Fig. 1 Antero-posterior view of a right knee, tangential to the tibial
tray, divided into 4 zones (zone 1, 2, 3, and 4 from medial to lateral)
to asses the cement penetration in each zone

Fig. 2 Lateral view of a right knee, tangential to the tibial tray,
divided into 2 zones to assess the cement penetration

anterior to posterior) to evaluate the depth of the cement
penetration (Figs. 1 and 2). The cement penetration in each
zone was measured with the DICOM viewer. Each radio-
graph was examined by two independent observers. For
each exposure, the mean value of the measurements made
by the two observers was considered.

Ethical board statement

In light of the Italian law, we are not required to ask for
approval for this type of studies. However, each author
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certifies that his institution has approved the human pro-
tocol for this investigation and that all investigations were
conducted in conformity with ethical principles of research.
Nevertheless, we obtained an informed consent from the
patients included in the study, explaining the advantages
and drawbacks of each technique (surface versus full
cementation).

Statistical analysis

The study was designed to identify a minimal difference of
one point in terms of mean/SD ratio between radiolucency
lines and any other covariate. Assuming an alpha level of
0.05 and a power of 0.90, sixty patients are needed to
detect such effect. Computations of sample size were
performed using ADDPLAN v4.0 (ADDPLAN GmbH,
Cologne, Germany).

Inter-observer reliability between the two independent
observers was calculated using the Spearman Brown pre-
diction formula for all measured parameters (variability
range 0.95-0.99).

Variables were described using median (Interquartile
range) or mean (SD) according to their symmetry and
categorical variables presented with percentages and
absolute number of observed subjects. Differences
between groups were performed using a Wilcoxon test
for the continuous variables and a Chi-Square with Yates
correction for categorical ones. Multivariable analysis
was performed using a logistic regression model for the
radiolucency lines as outcome. Covariates’ selection was
performed with forward procedure using AIC (Akaike
Information Criterion) as selection criterion. The covari-
ates considered clinically relevant included age, sex,
BMI, follow-up time, cement penetration in each zone,
tibial slope, femoral flexion, frontal alignment and clin-
ical, functional and total pre-operative and post-operative
Knee Scores. All analyses were performed using the R
System.

Results

Seventy knees in 62 patients underwent primary cemented
TKA PS URP using surface cementation technique. No
patients were lost to follow up.

The preoperative femoral-tibial angle in the coronal
plane averaged 5 degrees of varus (range from 12 degrees
of valgus to 15 degrees of varus) and at the final follow-up
evaluation averaged 4 degrees of valgus (range from 5
degrees of varus to 8 degrees of valgus).

The average active range of movement was from 4
degrees (range 0-20 degrees) to 110 degrees (range 80—135
degrees) preoperatively and from 1 degree (range 0-13
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Fig. 3 Particular of the antero-posterior view of one of the five knees
showing radiolucency lines around the tibial stem

degrees) to 123 degrees (range 85—135 degrees) at the final
follow-up.

The preoperative average clinical and functional Knee
Society ratings were 52 points (SD 15) and 42 points (SD
23), respectively, and at the final follow-up evaluation 91
points (SD 8) and 86 points (SD 17), respectively.

No radiographs demonstrated osteolytic lesions around
the implants, as defined by Rodriguez et al. [9]. Nonpro-
gressive radiolucent lines were noted in 5 cases (7%)
around the tibial stem (Fig. 3) with no sign of component
loosening or osteolysis identifiable on the radiograph at
final follow-up. All patients were asymptomatic. The
radiolucencies were noted at a mean of 39 months (SD 12)
from surgery and a mean of 11.5 months (SD 2) from their
recognition to the last follow-up. The presence of radio-
lucent lines was not significantly correlated with age, sex,
BMI, follow-up time, cement penetration in each zone
(in both antero-posterior and lateral views), tibial slope,
femoral flexion, frontal alignment and both preoperative
and last follow-up Knee Scores.

The mean radiographic cement penetration in anterior-
posterior view was 2.3 mm (SD 0.7) in zone 1, 3.2 mm
(SD 0.6) in zone 2, 2.9 mm (SD 0.7) in zone 3 and 2.6 mm
(SD 0.8) in zone 4. The mean radiographic cement pene-
tration in lateral view was 2.8 mm (SD 0.7) in zone 1 and
3.1 mm (SD 0.6) in zone 2.

Discussion

The most important finding of this study is that the rate of
early loosening, using surface cementation and mobile tibial

tray in TKAs, is comparable to other cementation tech-
niques and prosthetic designs described in the literature.

Total knee arthroplasty is a reliable procedure with
excellent overall results and a 15-year Kaplan—-Meier sur-
vivorship from 84 to 99% [9]. Rotating platform implants
reported results comparable to fixed-bearing TKAs at 15
and 20 years follow-up [4].

A stable primary fixation is considered a cornerstone in
order to obtain durable results and to avoid early loosening
of the implant. The cement fixation is still the “gold
standard” [9]. Many factors have been described to
improve the cementation technique, and these include a
cement penetration of 3 mm [25], the use of pulsatile
lavages [5, 11, 15], the cement application in a low vis-
cosity state [11, 15], and the use of an intra-osseous suction
[1, 17]. Nevertheless, the most reliable type of cementation
(full versus hybrid) is still controversial. Although full
cementation technique is widely accepted and reported
excellent and durable results [8, 9], hybrid fixation is cer-
tainly a fascinating alternative option that may reduce the
stress shielding effect on the proximal tibia and the meta-
physeal bone loss in case of revision [18, 21].

Few studies report biomechanical and clinical results of
surface cementation technique. Peters et al. in their bio-
mechanical cadaver study found no differences in terms of
micromotion and cement penetration between surface and
full cementation, using both cruciate and I-beam tibial
trays [18].

Bert and McShane, in a biomechanical study on artificial
proximal tibia model, showed comparable stability
between full and hybrid cementation, when a 3-mm cement
penetration was achieved [3].

Seki et al. in a cadaver study compared both implant
stability and proximal tibial cortex strain, both with full
and with hybrid cementation technique. No significant
differences in micromotion were found between the two
methods. However, cemented stems had significantly
increased strain relief in the proximal tibia compared to
uncemented stems. [21].

Skwara et al. in a recent biomechanical cadaveric study
found no significant differences in terms of primary sta-
bility between full and surface cementation. However, a
higher number of failures were recognized in the fully
cemented group [22].

Lombardi et al. compared full- versus surface-cement
technique in 68 consecutive knees. Two of 23 knees with
surface-cemented tibial components required revision sec-
ondary to aseptic failure at 36 and 55 months, whereas
none of the 45 knees with fully cemented tibial components
had to be revised. They suspected the surface-cemented
knees failed because of poor cement penetration (average
2 mm), compared to fully cemented knees (average 4-mm)
[13].
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Hofmann et al. reported the results of surface cemen-
tation with a fixed-bearing implant at a minimum 5-year
follow-up. They treated 128 consecutive knees, and no
osteolytic lesions were found. However, 3 tibias had
radiolucent lines with asymptomatic, nonprogressive, and
not associated with implant failure patterns. The average
depth of penetration of cement was 2.7 mm [9].

All the papers cited comparing full versus surface
cementation techniques used fixed-bearing tibial compo-
nents. The only paper comparing both cementation tech-
niques using a tibial rotating platform is a biomechanical
study [14]. The authors described the increased micromo-
tion of the tibial component in mobile-bearing TKA using
hybrid technique (with a 3-mm cement mantle), compared
to full cementation. A limitation of this study is the use of
sawbones.

The present study is the first to report short-term clinical
and radiological results of an URP prosthesis using a sur-
face cementation technique and a press-fit stem fixation.
The overall results reported are comparable to Hofmann’s
et al. outcomes with a fixed-bearing design, either in
clinical/radiological evaluations or in average cement
penetration [9]. We have to underline that both in Hof-
mann’s study and in the present study, the implants have a
peripheral lip that may enhance cement penetration by
reducing cement escape during implantation [24].

In the present study, no loosening cases were observed,
but in five cases (7%) radiolucency lines around the
noncemented stem were recognized. Although the natural
history of radiolucencies seems to be benign, there are
still some concerns that they may represent signs of
loosening. However, these five patients were asymptom-
atic with full weight bearing and excellent range of
motion. The average follow-up was 50.5 months (SD 10,
range 37 to 60 months). They were followed for a mean
of 11.5 months (DS 2) after the radiolucencies were
noted, without any clinical or radiological worsening.
This is certainly an encouraging point, but considering the
two aseptic failures described by Lombardi et al. at 36
and 55 months of follow-up, we cannot surely state that
radiolucency lines noted are not correlated with loosening
[13]. A long-term follow-up is required to certainly
exclude this possibility. Nevertheless, Smith et al. repor-
ted, out of 195 hybrid fixed TKAs, 15 cases (8%) of
radiolucency lines around the tibial component, diagnosed
within the first 2 years and without any progression to
loosening [23].

As mentioned, a limitation of the present study is the
relatively short follow-up (minimum 37 months, average
43 months, SD 14). A long-term follow-up study is
required to definitely confirm the reliability of the tech-
nique. Nevertheless, many studies showed that the highest
rate of complications after TKA, most of all aseptic
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failures, occurs in the early post-operative period [2, 7, 19].
For these reasons, the authors feel that an initial report may
be useful to exclude a high early failure rate with hybrid
fixation and mobile-bearing designs.

Conclusions

In the light of these considerations, we can conclude that
full cementation technique still remains the gold standard,
according to the longer follow-up outcomes reported in the
literature. Nevertheless, at short follow-up, the rate of early
loosening and radiolucency lines with mobile tibial tray
and surface cementation is comparable to other studies
using different cementation techniques or surface cemen-
tation and fixed platform total knee arthroplasties.
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