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Cemented versus uncemented femoral components: A randomized control trial at

10 years minimum follow-up

Abstract
Background.
The type of TKA fixation (cemented or uncemented) is still subject to debate. The aim of this study was

to assess the survival rate, clinical outcomes and radiological results of TKA according to the fixation
type.

Methods.

130 patients were randomly assigned to either the Cement Group (cemented femoral and tibial
implants) or the Hybrid Group (cemented tibial implant, uncemented femoral implant). The inclusion
criteria were patients between 50 and 90 years old who underwent primary TKA for osteoarthritis
between 2004 and 2005 without a history of prior open knee surgery. Revisions and complications were

reported, as well as, clinical scores and radiological signs of loosening.
Results.

118 patients had complete data at 10 years of minimum follow-up (59 in each group). The mean age
was 72 years-old. The mean follow-up was 13 years. The survival rate was 98% at 13 years in both
groups (one aseptic loosening at 2 years in the Cement Group, one septic loosening in the Hybrid
Group). The complication rate in the Cement Group was 8.5% (n=5) versus 12.1% (n=7) in the Hybrid
Group (p=0.8). The clinical results were not significantly different. In the Cement Group, 25% of
patients (n=15) had radiolucent lines at 10 years. In the Hybrid Group, 33% of patients had bone

transparencies, not evolving or symptomatic.
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Conclusion.

At a minimum follow-up of 10 years, there were no significant difference between cemented TKA and
hybrid TKA for the survivorship, the complications rate, the clinical scores or the radiologic signs of

loosening.

Level of Evidence: |

Keywords: Total knee replacement; Cemented femoral implant; Uncemented femoral implant; survival

rate; loosening.



33

34

35

36

37

38

39

Abbreviations

BMI: Body Mass Index

HKA: Hip Knee Ankle

KSS: Knee Society Score

OA: Osteoarthritis

PE: Poly-Ethylene

TKA: Total Knee Arthroplasty
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Introduction

Knee osteoarthritis is a common problem with well-described negative effects on patient’s quality
of life[1]. Total knee arthroplasty (TKA) remains one of the most successful medical procedures to
restore a patient’s knee function and alleviate pain when nonoperative methods have been exhausted.
Despite advances in TKA technique and implants, a significant number of revision TKA procedures are
performed annually. Over time, the fixation of TKA has been assessed and improved, in an effort to
decrease failures due to implant loosening.

The question of whether cement is required for implant fixation remains open to debate[2]. Some
of the earliest TKA models were cemented implants, with numerous subsequent studies demonstrating
excellent long-term survivorship[l, 3-5]. However, several studies described some disadvantages of
cemented implants. Failure of the cement-bone interface[6] with lack of remodeling capacity of bone
cement as well as third-body wear raise concerns over the long-term durability of cemented fixation.
Mjoberg et al.[7, 8] then Stiirup et al.[9] reported that the cement can be toxic and lead to bone damages
due to the local heat. Gandhi et al. demonstrated that cement degrades in long-term follow-up[10]. These
findings led to the development of uncemented TKA implant design. Historically, cementless implants
have experienced early loosening and complications especially at the tibial and patellar interfaces[11-
13]. However, with more modern implant designs and fixation as well as a better understanding of
surgical technique, outcomes have improved. Good long-term results have also been reported with
uncemented implants in recent years[14-16].

The major concern with uncemented TKA procedures has been the reliability of the tibial
component fixation. Several comparative studies have demonstrated improved results with cemented
tibial components[11, 17, 18]. Potential long-term benefits of implants with bone integration continue
to drive interest in uncemented implants, particularly on the femoral side where the geometry may be

more suitable for this type of fixation[19]. Hybrid TKA utilizing cemented tibial components combined
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with uncemented fixation of the femoral component presents a solution to this problem[2]. The
theoretical benefits of uncemented femoral component are preservation of bone stock, absence of
cement debris, extended survival due to bone integration, particularly in young patients. However,
there are other references against the use of hybrid fixation, due to the increased revision rate[20].

The aim of this study was to compare the survival rate of either an uncemented femoral component
or an all cemented TKA, using a single implant design, at a minimum of 10-year follow-up. We
hypothesized that there were no significant differences for the femoral implant survival, for the rate of

radiographic signs of femoral implant loosening or for clinical outcomes.

Materials and Methods

Patients

A prospective, randomized, single center study included 130 consecutive primary TKA between
2004 and 2005. Inclusion criteria were: age between 50 and 90 years old and an indication of a primary
TKA for osteoarthritis. Exclusion criteria included rheumatoid arthritis, preoperative knee flexion less
than 90 degrees, associated femoral or tibial osteotomy, history of prior ipsilateral knee surgery other
than arthroscopy. Randomization was performed via random number generation. The study was
registered at ClinicalTrials.gov (Identifier: NCTO00132587) and was approved by our hospital’s
Institutional Review Board as a Randomized Controlled Trial (study ID Number: 2003.095.2A). All
patients signed a consent form that included a description of the protocol and the potential
complications of both procedures. The patients were blinded on the used surgical technique.

One hundred thirty patients were randomized into the cemented (n=65) or hybrid (n=65) groups.
One patient randomized to the hybrid group underwent cementing of the femoral component due to

failure of the press fit fixation, during the trials of primary TKA (Fig.1).
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Surgery

The surgical technique for both groups has been described in detail in previous studies[21, 22]. All
operations were performed by senior surgeons. The surgical approach was a medial or lateral
parapatellar approach depending on the pre-operative limb deformity. The TKA was performed with the
same technique for all patients, including the trial implants positioning. At this point, the sealed
envelope was opened in the operating room and fixation proceeded according to the randomization
protocol. The tibial and patellar components were cemented in all cases and the femoral component was
either cemented (cement group) or placed without cement (hybrid group).

The same prosthesis (HLS Noetos, Tornier, St-Ismier, France) was used in all cases. This implant
is a posterior stabilized TKA, the design of which has been previously described[23]. There were two
types of femoral component differentiated by the method of fixation: cemented femoral component or
hydroxyapatite-coated femoral component (uncemented). The femoral component is a chrome cobalt
component. The uncemented femoral component has a coating of hydroxyapatite with a thickness of
75um and a hydroxyapatite purity superior to 95%. The bioactive titanium-hydroxyapatite coating is

applied using a vacuum plasma spray technique.

Data management

Pre-operatively, all patients were evaluated clinically (range of motion ; International Knee Society
(IKS) scores[24]) and radiographically. Radiographic evaluation included anteroposterior, lateral,
patellar and long leg films. Limb alignment of the knee was defined using the hip-knee-ankle angle.

Clinical and radiographic assessments were repeated at two years and at least ten years post-
operatively. The major complications included all complications needing revisions or all life-
threatening complications (particularly deep infections, vascular complications, fractures, loosenings,
patellar complications...). The radiographic assessment also included an assessment of radiolucent lines

and bone transparency about the femoral component on the lateral radiograph. Radiolucent lines (RLL)
6
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were evaluated in terms of location, width (in millimeters), and progression as recommended by the
Knee Society[25]. RLL were observed at the interface between bone and cement for cemented
component or between bone and prosthesis in case of uncemented component. Zone 1 was defined as
the anterior area, zone 2 as the anterior chamfer, zone 3 as the posterior chamfer, zone 4 as the posterior
area, and zones 5-7 as central (Fig. 2). The same observer made all measurements manually on plain
radiographs. The bone radiotransparencies corresponded with a low radiopacity at the interface between

bone and prosthesis, with a width greater than 2mm.

Statistical analysis

For the power analysis, we considered that a difference of 15-points in the post-operative IKS
score was significant, according to previous analyses in our department and some studies[26, 27]. A
power analysis demonstrated that a 15 points difference in post-operative IKS score would be detected
with 80% power (o = 0.05) with 64 patients in each group. A post-hoc power analysis has been

performed (12 lost to follow-up). This post-hoc power analysis found a power superior to 80%.

All analyses were performed utilizing the intention to treat principle. Comparisons between the
cemented and hybrid groups were carried out with Student’s t-tests and Fisher’s exact tests for
continuous and categorical data respectively. Continuous variables were averaged and reported with
standard deviation. A p value <0.05 was considered statistically significant in each analysis. SPSS 13.0

software (SPSS Inc., Chicago, IL) was used for all statistical calculations.

Funding source

This research did not receive any specific grant from funding agencies in the public, commercial, or

not-for-profit sectors.
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Results

One hundred eighteen patients (90%) were clinically and radiologically assessed at a minimum
follow up of 10 years (59 patients (90%) from the cemented group; 59 patients (89%) from the hybrid
group). Twelve patients died from the cemented group and 9 from the hybrid group, with complete data
at the last follow-up. Twelve patients could not be reviewed during this period for personal reasons
(unable to come in hospital due to health problem or a long-distance move) (7 for Cement Group, 5 for
Hybrid Group) (Fig. 1). The mean follow-up of the 118 patients was 13.1 +1.2 years [10;14.4]. The
patients lost to follow-up had no complication or revision at the last follow-up. Their mean follow-up
was 7.9 £1.6 years [2.7;9.4]. There were no significant differences concerning clinical and radiographic

data preoperatively between both groups (Table 1).

Survival rate

In the hybrid group, one patient required revision for septic loosening prior to two years post-
operative. No revision TKAs were performed for mechanical failure or aseptic loosening. The survival
rate at 14.2 years of follow-up was 98.3%. In the cement group, one patient underwent revision for
aseptic loosening prior to two years post-operative. The survival rate at 13.9 years of follow-up was
98.2%. There was no significant difference of the survival rate between both groups. There was no

predictive factor of surgical revision.

Complications

The rate of major complications in the hybrid group was 8.5%. These complications included:
one revision for patellar instability, one acute deep infection treated by debridement, antibiotics and
implant retention (DAIR), one vascular bypass following a popliteal thrombosis at 3 weeks post-

operatively, and 2 traumatic-fractures at 13.0 years follow-up.
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In the cemented group, the rate of major complications was 3.4%. These complications included:
one patient underwent arthroscopy for a loose body (cement fragment) removal and clunk syndrome, and
one patient required exchange to a large polyethylene insert due to symptomatic varus valgus laxity.
There was no significant difference of the complications rate between both groups. The complications

were not secondary to the femoral fixation.

Clinical outcomes
IKS scores significantly improved in both groups following TKA (p<0.05), without significant

difference of post-operative scores between both groups at the last follow up (Table 2).

Radiographic results

There were no significant difference concerning radiographic measurements.

There was a significant difference of bone transparencies of the femoral epiphysis between both
groups (n=6 for Cement Group (10 %); n=17 for Hybrid Group (29 %); p<0.05) (Table 3). In all cases,
the bone transparencies were observed in zone 2, under the anterior chamfer cut (Fig. 3), and appeared
during the first year.

Transparency was noted in 35 of the 59 patients in the hybrid group at two years post-operative. At ten
years post-operative, the transparency had resolved in 18 patients (51.4%) and remained stable in 17

patients (48.6%). No new bony transparency developed between 2- and 10-years post-operative.

Radiolucent lines were more frequent in the Cement Group at the last follow-up (p<0.05) (Table
3). Radiolucent lines were noted for 25% of patients (n=15/59) in the Cement Group at two years post-
operative. At ten years post-operative, these lines had progressed in 3 patients (20%) (Fig. 4) and

remained stable in 12 patients (80%). All radiolucent lines measured less than 2 mm in width.
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Radiolucent lines were noted in only one patient in the Hybrid Group. This patient was revised for
septic loosening prior to 2-year follow-up.

No risk factors for radiolucent lines or bone transparencies have been found except the type of
implant. There was no correlation between IKS scores and the presence of radiolucent lines or bone

transparencies.

Discussion

The most important finding of this prospective randomized study was a similarly high survival rate
between cemented and uncemented femoral implants at a minimum of 10 years follow-up. To our
knowledge, this study is one of the randomized controlled trials with the longest follow-up period
comparing hybrid TKA with a cemented TKA.

The recent studies comparing cemented and uncemented femoral components reported similar
results to this study. The difference of survival rate is not statistically significant between both types of
implants, even for mobile-bearing TKA system. Iofisidis et al. found that the fixation technique had no
influence on the prosthesis’s survivorship, and on clinical and radiographic outcomes at a mean follow-
up of 9.5 years[28]. Their revision rate was 4.9% in the uncemented group. The survivorship rate of
hybrid TKA varied between 94.3% and 98.2% at 5 years of follow-up[29, 30], and between 83% and
96.3% at 15 years of follow-up[30, 31]. The rate of aseptic loosening of hybrid TKA remained at less
than 1% at 10 years of follow-up in recent studies, similar to cemented TKA[29-31].

Few studies describe the survival rate of cemented and hybrid TKA at a long follow-up[32, 33]. On 77
hybrid TKA at 12 years of follow-up, Perry et al. found that press-fit fixation of the femoral component
was a reliable and durable alternative to cemented fixation[34]. McLaughlin and Lee showed that

primary hybrid TKA can achieve excellent fixation at 16 years of follow-up[35].

10
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Several older studies reported a higher rate of aseptic loosening for uncemented femoral
components[36, 37]. Campbell et al. reported that 13.8% of the hybrid TKA’s required revision[38].
The common characteristic between these older studies is their publication date prior to 2002. The type
of surface coating of the uncemented implant may be of importance. The biological fixation of the
femoral component with bone ingrowth should be more efficient with newer coating technologies[17].
Henricson et al. reported no statistically significant differences in implants migration (radiostereometric
analysis) or clinical results between cemented TKA and uncemented TKA with porous fiber titanium
mesh coating at 10 years follow-up[39]. Other uncemented designs with clinical results equal to
cemented design have been equipped with various types of porous coatings[16, 40-43] or
hydroxyapatite (HA) coating[21, 44, 45]. Smooth or grit blasted surface seems to result in inferior
uncemented fixation[36]. Pijls et al. compared component migration in HA-coated versus non-HA-

coated TKA[46]. They concluded that HA reduced migration of uncemented TKA.

Another important finding of this study was the significant radiographic differences (bone
transparencies and radiolucent lines) between both groups at ten years follow-up. However, these
radiographic findings did not influence clinical outcomes or survivorship. Park and Kim found
significant radiolucent lines in only 5% of the cemented and uncemented TKA at 14 years follow-
up[33]. By contrast, Illgen et al. reported radiolucent lines in the uncemented femoral components in
about 13% at 10 years[42]. We observed that bone transparency was more frequently noted in the
hybrid group at ten years follow-up, in all cases in zone 2 under the anterior chamfer cut.

The most interesting finding was that the half of the bone transparencies observed at 2 years
spontaneously resolved at 10 years. We can suppose that some of these bone transparencies were
secondary to the bone preparation during the surgery and disappear over time as the bone remodels
postoperatively. Liu et al.[47] and Peters et al.[48] reported that distal femoral bone density decreased

between the 6th month and the 12th month postoperatively after performing TKA. Akizuki et al.
11
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described a spontaneous disappearance of the clear zones at 12 months postoperatively after
uncemented TKA[49]. Asymptomatic bone transparencies at 2 years of uncemented hybrid TKA are not

worrying situations of early loosening and need only a regular monitoring.

According to our study, there was no difference for the clinical outcomes at 10 years follow-up
between both groups. Gao et al. found no significant differences in clinical outcomes[50]. Pelt et al.
reported that hybrid fixation leads to similar intermediate-term outcomes as fully cemented
components[51]. Several recent studies described similar results for cemented and uncemented

TKA[18, 28-30, 32, 33, 52].

In the currently published literature and in our study, there was no demographic risk factor of
aseptic loosening identified after TKA with uncemented femoral component, particularly the
obesity[29, 53]. Some studies can be distorted by the lack of randomization. Indeed, the surgeons can
choose during the surgery between the use of cemented or uncemented components, according to the
bone quality. In this study, the two groups were comparable because the patients were randomized and

only one patient had bone quality deemed too poor for an uncemented TKA.

This study had some limitations. Firstly, the assessment of the femoral loosening was performed on
radiographs, without CT scan. But these exams are invasive and not justified for the usual follow-up
after TKA. Secondly, we didn’t assess the polyethylene wear, which can be a cause of aseptic
loosening. We don’t perform a radiostereometric analysis in current practice. But the two groups of
patients had the same design of implant and the same polyethylene. A previous study has described a
very low rate of polyethylene wear for these same implants [54]. Additionally, the patients have two
types of surgical approaches (medial and lateral approaches). Nevertheless, due to the randomization,

the two groups were comparable for this parameter. Then, there were several patients lost to follow-up.
12



259 However, in the first power analysis, we had considered 10% of patients potentially lost to follow-up.
260 And the post-hoc power analysis showed a sufficient power. Finally, the observer was not blinded but
261 was independent. The difference between cemented and uncemented is systematically known with the
262 radiographs. Despite these limitations, this study presented some strengths. It is a randomized design
263 using a sufficient number of knees investigated at a long follow-up period. The implants were identical
264 except for the femoral fixation. Two experienced surgeons performed all TKAs using the same surgical
265 technique.

266

267 Conclusion

268 No significant difference was reported for the survival rate and the rate of femoral loosening between

269 cemented TKA and hybrid TKA at a minimum follow-up of 10 years. The clinical outcomes were also

270 similar between both groups. Hybrid fixation appears to be a safe alternative to cemented fixation in
271 TKA.
272

273  Figures

274 Figure 1.

275 Flowchart of this prospective series of TKA.

276

277 Figure 2.

278 International Knee Society zone assignment of the femoral component, on a profile view radiography.
279

280 Figure 3.

281 Last follow-up lateral radiographs showing bone transparencies after implantation of an uncemented
282 femoral component.

283

284 Figure 4.
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Last follow-up lateral radiographs showing radiolucent lines on cemented femoral component zone 1-2-

3-4
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Tables

Table 1

Demographic characteristics for the Cement and Hybrid Groups.

Cement Group Hybrid Group
INITIAL COHORT p-value
n=65 knees n=65 knees
Age (years) 72 +8.5 72.5 7.3
n.s.
(mean +SD) [Min; Max] [54 ; 85] [52; 85]
BMI (kg/m2) 29 +5.2 28.4 £3.9
n.s
(mean +SD) [Min; Max] [20.5 ; 40.5] [20.5 ; 39.7]
Side (Right) 33 (50.8%) 36 (55.4%) n.s
Gender (Female) 53 (81.5%) 45 (69.2%) n.s
Cement group  Hybrid group
ANALYZED COHORT p-value
n=59 knees n=59 knees
Age (years) 72.2 £8.3 72.3 £7.9
n.s.
(mean £SD) [Min; Max] [54 ; 85] [52; 85]
BMI (kg/m2) 29 +4.6 28 £3.8
n.s.
(mean £SD) [Min; Max] [20.5 ; 40.5] [20.5 ; 39.7]
Side (Right) 25 (42.4%) 25 (42.4%) n.s.
Gender (Female) 46 (80%) 40 (67.8%) n.s.
Etiology (Nb) n.s.
Osteoarthritis 56 (94.9%) 58 (98.3%)
Chondrocalcinosis 3(5.1%) 1 (1.7%)
Osteoarthritis stage
1 1 (1.7%) 1 (1.7%)
%) 11 (17%) 11 (17%) n.s.
3 40 (67.8%) 33 (55.9%)
4 7 (11.9%) 14 (23.7%)

BMI : Body Mass Index ; SD : Standard Deviation ; Min : Minimum ; Max : Maximum ; n.s.

significant.

S non-

15
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Table 2.

Clinical outcomes preoperatively and postoperatively in both groups (cemented and hybrid TKA).

Cement Group Hybrid Group p-value
n = 59 knees n = 59 knees

Preoperative knee score 48.9 £15.9 49.3 £17.8 n.s.
(mean +SD) [Min; Max] [14 ;90] [23;97]

Postoperative knee score 89.7 £8.5 90.749.2 n.s.
(mean +SD) [Min; Max] [60 ; 100] [50 ; 100]

Preoperative function score 53.4£19.2 56.9 £19.7 n.s.
(mean £SD) [Min; Max] [5;90] [20 ;100]

Postoperative function score 79.9 £14.5 80.7 £15.8 n.s.
(mean +SD) [Min; Max] (45 ; 100] [45 ; 100]

Preoperative IKS global score 102 £30.2 105.6 +£31.5 n.s.
(mean +SD) [Min; Max] [25; 180] [44 ; 175]
Postoperative IKS global score 169.6 +18.2 171.3 £17.5 n.s.
(mean +SD) [Min; Max] [124 ; 200] [100 ; 200]

Preoperative flexion (°) 120.4 £14.4 119.4 £13.9 n.s.
(mean +SD) [Min; Max] (85 ; 140] [80 ; 140]
Postoperative flexion (°) 7.7 £12.1 120.4 +11.6 n.s.
(mean +SD) [Min; Max] (90 ; 140] (85 ; 140]

IKS: International Knee Society; SD : Standard Deviation ; Min : Minimum ; Max : Maximum ; n.s. : non-significant.
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Table 3.
Radiological results in both groups (cemented and hybrid TKA)

RLL radiolucent lines Cement Group Hybrid Group p-value
n = 59 knees n = 59 knees

Preoperative HKA (°) 176.2 £6.7 176.7 £7.5 ns

(mean £SD) [Min; Max] [164 :196] [164:192]

Postoperative HKA (°) 179.4 +4 180 £3.3 ns

(mean £SD) [Min; Max] [177;184] [177;183]

Incidence of RLL 15 1 <0.05
RLL zone 1 9 1 <0.05
RLL zone 2 5 0 <0.05
RLL zone 3 2 1 ns
RLL zone 4 11 1 <0.05

RLL progressive 3 1 <0.05

Bone transparencies 6 17 <0.05

HKA: Hip Knee Ankle angle ; RLL : Radiolucent Line; SD : Standard Deviation ; Min : Minimum ; Max : Maximum ; n.s. :

significant.

non-
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Assessed for eligibility

Excluded (n=2)
- Not meeting for criteria (n=0)
- Refused to participate (n=2)
- other reason (n=0)

N=132

Randomized
N= 130

Cement Group
Allocated to intervention (n=65)
Received to intervention (n=66)
Did not receive intervention (n=0)

Lost follow up (n=7)
Died (n=12)

Cement Group
Analysed (n=59)
Excluded for analysis (n=0)

Hydrid group
Allocated to intervention (n=65)
Received to intervention (n=64)
Did not receive intervention (n=1)

Lost follow up (n=5)
Died (n=9)

Hydrid group
Analyzed (n=59)
Excluded for analysis (n=0)















