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a b s t r a c t
Background: Despite excellent long-term outcomes, posterior stabilisation by a third condyle continues
to receive unwarranted criticism regarding patellar complications and instability.
Hypothesis: Complication rates with a tri-condylar posterior-stabilised implant are similar to those with
other posterior-stabilised prostheses and have diminished over time due to improvements in prosthesis
design.
Material and methods: Post-operative complications and revision rates were assessed retrospectively in
a prospective cohort of 4189 consecutive patients who had primary total knee arthroplasty (TKA) using
a tri-condylar posterior-stabilised implant (Wright-Tornier) and were then followed-up for at least 24
months. The analysis included 2844 knees. The prosthesis generations were HLS1® , n = 20; HLS2® , n = 220;
HLS Evolution® , n = 636; HLS Noetos® , n = 1373; and HLS KneeTec® , n = 595. Complications were compared
across generations by applying Fisher’s exact test, and survival was compared using the Kaplan-Meier
method.
Results: At last follow-up, there had been 341 (12%) post-operative complications in 306 (10.8%) knees,
including 168 (5.9%) related to the implant, 41 (1.4%) infections, and 132 (4.6%) secondary complications
unrelated to the implant. Re-operation was required for 200 complications (7%), including 87 (3.1%) consisting in revision of the prosthesis. Implant-related complications were stiffness (n = 67, 2.4%), patellar
fracture (n = 34, 1.2%), patellar clunk syndrome (n = 25, 0.9%), patellar loosening (n = 3, 0.1%), tibial/femoral
loosening (n = 15, 0.5%), polyethylene wear (n = 3, 0.1%), and implant rupture (n = 1, 0.04%). Signiﬁcant
differences across generations were found for stiffness (P < 0.0001), patellar fracture (P = 0.03), clunk syndrome (P = 0.03), and polyethylene wear (P = 0.004), whose frequencies declined from one generation to
the next. Overall 10-year survival was 92% with no signiﬁcant difference across generations (P = 0.1).
Discussion: Outcomes of tri-condylar posterior-stabilised TKA are similar to those obtained using other
posterior-stabilised implants. Neither patellar complications nor instability are more common, and
improvements in implant design have contributed to correct early ﬂaws.
Level of evidence: IV, historical cohort, retrospective assessment of prospectively collected data.
© 2016 Elsevier Masson SAS. All rights reserved.

1. Introduction
Posterior stabilisation improves total knee arthroplasty (TKA)
stability during ﬂexion, while also facilitating the implantation
procedure [1–3]. The technical methods used to achieve posterior
stabilisation include the post-cam design, third condyle design, and
use of ultracongruent polyethylene [3].
Despite substantial advances, failures continue to occur and
prosthesis exchange is required in some cases. The causes of failure
are infection, complications related to the implant and its design
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[4,5], and secondary complications unrelated to the implant (component malposition, technical error, fracture, extensor mechanism
rupture, haematoma, and pain) [6].
Since 1987, we have been using a TKA implant posterior
stabilised by a third condyle, which has provided excellent clinical and radiological outcomes [7–9]. This type of implant has
been accused of generating patello-femoral complications (third
condyle), providing less stability during knee ﬂexion (absence of
a cam mechanism), and promoting tibial component loosening
(increased weight-bearing loads). These criticisms were voiced
early after the introduction of tri-condylar posterior-stabilised TKA,
whose design has been improved substantially since then.
No studies have assessed complications after tri-condylar
posterior-stabilised TKA in a large sample size. Furthermore,
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depending on implant generation (Figs. 1 and 2). Five generations
of the implant were used:
• HLS1® (1987–1990) with a ﬁxed tibial tray, asymmetrical
posterior femoral condyles to promote external rotation, a nonanatomical trochlea, and a spherical patellar button with a single
central peg;
• HLS2® (1990–1996) with asymmetrical femoral condyles and a
more anatomical trochlear design including a groove in 7◦ of valgus;
• HLS Evolution® (1995–2004) with a ﬁxed or rotating tibial tray,
a trochlear design modiﬁcation in the inter-condylar region, and
a patellar button with three pegs;
• HLS Noetos® (starting in 2000) with a deeper trochlear groove,
so that patellar resurfacing is no longer mandatory;
• HLS KneeTec® (starting in 2009) with a rotating tray and conical tibial keel with delta ﬁns, availability of standard and narrow
widths (the latter for average-sized femurs to diminish mediolateral size), and a modiﬁed trochlear design that extends the
patellar course during knee ﬂexion.
2.2. Patients
Fig. 1. HLS KneeTec® with its third condyle (front and side views).

potential changes in complication rates with each improvement
in implant design have not been investigated. The objective
of this study was to record all local post-operative complications in a cohort of 4189 primary tri-condylar posterior-stabilised
TKAs performed over nearly 30 years and to assess survival of
each implant generation. The working hypothesis was that tricondylar posterior-stabilised TKA had similar complication rates
to those seen with other posterior-stabilised implants and that
the incidence of complications declined from one tri-condylar
posterior-stabilised implant generation to the next.

This single-centre retrospective study was based on a prospective cohort of 4189 consecutive primary TKAs performed at a single
surgical department between November 1987 and March 2015 by
several surgeons, all of whom used the same surgical technique.
The patients underwent clinical and radiological evaluations after
1 year and 2 years then every 2 years. Table 1 reports the main
patient characteristics before surgery.
The French advisory committee on health research data
processing (Comité Consultatif sur le Traitement de l’Information en
matière de Recherche dans le domaine de la Santé [CCTIRS]) approved
this study on 24 January 2012 then 9 March 2015 (approval
#11-681).

2. Material and methods

2.3. Operative technique

2.1. Implants

Before 1996, a medial approach was used consistently. Subsequently, the approach varied with the initial knee deformity:
medial for varus knees and lateral for valgus knees, with anterior
tibial tubercle elevation if needed.
Posterior referencing was used, with the tibial cut performed
ﬁrst and the femoral cut second (balancing in ﬂexion then
replication of the gap in extension, adjusted using a distractor
before the femoral distal cut). Only 18 (0.4%) patellas were not

Since 1987, all implants used at our centre have been from
the same manufacturer (Wright-Tornier, Montbonnot Saint Martin, France). With these implants, the posterior cruciate ligament is
removed and posterior stabilisation is achieved by a convex third
condyle in the mid-posterior position that contacts a matching projection on the tibial polyethylene insert beyond 30◦ to 60◦ of ﬂexion,

Fig. 2. Successive generations of the HLS implant (from left to right: HLS1® , HLS2® , HLS Evolution® , HLS Noetos® , and HLS KneeTec® ).
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Table 1
Main pre-operative characteristics of the overall study population.
Overall population
Number of patients
Mean age at TKA (years)
Gender
Male
Female
Mean body mass index (kg/m2 )
History of surgery
None
Arthroscopy
Osteotomy
Anterior tibial tubercle elevation
Internal ﬁxation
Ligament reconstruction
Other
Mean number of surgeries on the knee before TKA
Reason for TKA
Osteoarthritis
Medial compartment
Lateral compartment
Patello-femoral compartment
Other (avascular necrosis, inﬂammatory joint disease)
Mean pre-operative IKS scores
Knee
Function
Mean pre-operative radiological HKA (◦ )

4189
70.4
1320 (31.5%)
2869 (68.5%)
28.7

3

Intra-operative events occurred in 202 (4.8%) cases and consisted of
anterior femoral component notching (n = 13), bone ﬁssure (n = 58;
43 [1%] at the tibia and 15 [0.4%] at the femur), and tendon injury
(n = 105; 77 [1.8%] at the popliteal tendons, 12 [0.3%] at the medial
collateral ligaments, and 16 [0.4%] at the patellar tendon).
2.4. Follow-up and evaluation of complications
Clinical outcomes were assessed by determining the International Knee Society knee and function scores (IKS Score, 1989 [11])
and radiographic outcomes by obtaining antero-posterior, lateral,
and 45◦ patello-femoral views and a long-leg view. All surgeryrelated local complications were recorded, in three categories:
implant-related complications (any complication possibly related
to implant design or architecture), non-implant-related complications, and infections.
The 1345 knees with a complication-free clinical and radiological follow-up shorter than 24 months were excluded from the
analysis. Among them, 409 were lost to follow-up and 936 were
replaced after March 2013 (HLS KneeTec® ). This left 2844 knees for
the analyses of complications and survival (Fig. 3). Mean follow-up
was 39.6 months (range, 24–239); 149 knees were in patients who
died during follow-up.

2929 (69.9%)
745 (17.8%)
310 (7.4%)
62 (1.5%)
76 (1.8%)
100 (2.4%)
255 (6.1%)
1.41
3792 (90.5%)
2945 (70.4%)
705 (16.8%)
138 (3.3%)
397 (9.5%)
51.3
58.5
175.8

TKA: total knee arthroplasty; HKA: hip-knee-ankle angle.

2.5. Statistical methods

resurfaced. The implants were cemented, except for 132 (3.2%)
hydroxyapatite-coated femoral components, previously evaluated
in a prospective study published in 2011 [10].
Spinal anaesthesia was used in 67.2% of cases and a tourniquet in 97.2% of cases. Mean operative time was 84.3 minutes.

Complication rates across implant generations were compared
by applying Fisher’s exact test using R© software (https://www.
r-project.org). Kaplan-Meier survival curves were plotted and compared with the log rank test using a tool available on the Technical
University of Denmark web site (https://www.statcom.dk). Values
of P < 0.05 were considered signiﬁcant.

Fig. 3. Flow chart.
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Fig. 4. Local complications with the number of each. CRPS, complex regional pain syndrome.

3. Results
At last follow-up, 341 (12%) post-operative complications had
been recorded in 306 (10.8%) knees. Of these complications, 200
(7%) required surgery, including 113 with no prosthesis exchange
and 87 (3.1%) with exchange of at least one prosthetic component
(tibial component, n = 3 [0.1%]; femoral component, n = 7 [0.3%],

polyethylene insert, n = 18 [0.6%], patellar button, n = 10 (0.4%), and
total exchange, n = 48 [1.7%]).
Figs. 4, 5 and 6 report the complications recorded in our patients
overall, those requiring surgery, and those requiring exchange of
one or more prosthetic components. Mechanical implant-related
complications occurred in 168 (5.9%) cases. Table 2 reports the
number of knees with each complication and the treatments used.

Fig. 5. Complications requiring surgery with the number of each. CRPS, complex regional pain syndrome.
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Fig. 6. Complications requiring exchange of one or more implant components with the number of each.

Table 3 shows the numbers and frequencies of each mechanical implant-related complication with each of the ﬁve implant
generations. Statistically signiﬁcant differences were found across
generations for the rates of post-operative stiffness (P < 0.0001),
patellar fractures (P = 0.03), patellar clunk syndrome (P = 0.03), and
polyethylene wear (P = 0.004). Stiffness was more common with
HLS Noetos® than with the other four generations (4% vs. 0.5–0.9%,

respectively). Patellar fracture frequency decreased signiﬁcantly
starting at the third generation (HLS Evolution® ), from 2.3–10% to
0.8–1.1%. The frequency of patellar clunk syndrome declined significantly from one generation to the next (1.7% with HLS Evolution®
vs. 0.2% with HLS KneeTec® ). Finally, polyethylene wear occurred
only with the earlier generations (5% with HLS1® and 0.3% with HLS
Evolution® vs. 0% with the last two generations).

Table 2
Mechanical implant-related complications: number and treatment.
n (%)

Treatments and number of times each was used

Post-operative stiffness

67 (2.4%)

Patellar fracture

34 (1.2%)

Clunk syndrome

25 (0.9%)

Femoral and/or tibial loosening

15 (0.5%)

Coronal tibio-femoral laxity

11 (0.4%)

Physical therapy: 12
Mobilisation under anaesthesia (stiffness < 3 months): 43
Arthroscopic release (stiffness < 6 months): 7
Open release (stiffness > 6 months): 3
Isolated femoral component exchange, after re-cutting: 1
Bipolar revision: 1
Non-operative treatment (no extension lag): 23
Total patellectomy (comminuted fracture): 2
Lateral vertical patellectomy (piecemeal lateral fracture): 2
Arthroscopic removal of a bone fragment: 1
Internal ﬁxation: 6
Surgical excision of peri-patellar ﬁbrosis: 19 (open excision: 12; arthroscopic excision: 3; concomitant
patellar button exchange: 3; concomitant polyethylene exchange: 1)
No surgery (no functional impairment): 6
Isolated tibial loosening: 9 (isolated tibial component revision: 2; bipolar revision: 7)
Isolated femoral loosening: 3 ⇒ routine bipolar revision
Bipolar loosening: 3 ⇒ Routine bipolar revision
Polyethylene insert exchange (ligament re-tensioning): 6
Modiﬁcation in ligament balancing: 2 (femoral varus osteotomy: 1; isolated tibial component
exchange, after re-cutting: 1)
Bipolar revision with a hinge prosthesis (ligament failure): 1
No surgery (no functional impairment): 2
Lateral retinacular release and MPFL reconstruction: 1
Isolated patellar button exchange: 1
Isolated femoral component exchange: 2
No surgery (no functional impairment): 5
Patellar button exchange: 3
Isolated polyethylene insert exchange: 1
Total revision for metallosis: 1
No surgery (wear < 2 mm): 1
Bipolar revision: 1

Patellar instability

9 (0.3%)

Patellar loosening
Polyethylene wear

3 (0.1%)
3 (0.1%)

Rupture of the implant

1 (0.04%)

MPFL: medial patello-femoral ligament.
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Table 3
Mechanical implant-related complications: number and frequency with each implant generation.

Number of knees
Post-operative stiffness
Patellar fracture
Clunk syndrome
Femoral and/or tibial loosening
Coronal tibio-femoral laxity
Patellar instability
Patellar loosening
Polyethylene wear
Rupture of the implant
Total

HLS1®

HLS2®

HLS Evolution®

HLS Noetos®

HLS KneeTec®

20

220
2 (0.9%)
5 (2.3%)

636
6 (0.9%)
7 (1.1%)
11 (1.7%)
7 (1.1%)
3 (0.5%)

1373
56 (4%)
15 (1.1%)
13 (1%)
7 (0.5%)
4 (0.3%)
7 (0.5%)

596
3 (0.5%)
5 (0.8%)
1 (0.2%)

102 (7.4%)

14 (2.3%)

2 (10%)

1 (0.4%)
2 (0.9%)

2 (0.3%)
2 (0.3%)

1 (5%)
1 (0.5%)
11 (5%)

3 (15%)

38 (5.9%)

2 (0.3%)
2 (0.3%)
1 (0.2%)

P value
< 0.0001
0.03
0.03
0.08
0.48
0.33
0.16
0.004
0.08
< 0.0001

Table 4
Complications unrelated to the implant: number and treatment.
n (%)
Fracture of the femur
Fracture of the tibia
Non-union of elevated ATT
Rupture of extensor mechanism

9 (0.3%)
9 (0.3%)
3 (0.1%)
4 (0.1%)

Rupture of medial retinaculum
Skin necrosis

1 (0.04%)
10 (0.4%)

Post-operative haematoma

16 (0.6%)

Complex regional pain syndrome

12 (0.4%)

Tibial malalignment with > 5◦ of valgus

Treatments and number of times each was used
Non-operative treatment: 2
Internal ﬁxation: 16
Surgical revision with curettage and grafting: 3
Partial tear: 2 ⇒ Non-operative treatment
Full-thickness tear: 2 ⇒ Surgery with cable protection
Surgical revision with lavage and suturing: 1
Superﬁcial necrosis: 6 ≥ Local care using dressings
Deep necrosis: 4 ⇒ Surgical treatment with lavage and suturing
Surgical drainage: 1
Local treatment: 15
Surgical revision for stiffness: 1
Non-surgical treatment: 11
Bipolar revision: 1
No surgery (no functional impairment): 1
Bipolar revision: 2
Surgical revision for stiffness: 3
Surgical revision (unconﬁrmed suspicion of sepsis, excessively tight TKA, painful scar: 26
(with implant exchange: 8; without implant exchange: 18)
No surgery: 20
Bony impingement on lateral epicondyle, neuroma, removal of residual cement, other
unspeciﬁed complications

2 (0.1%)

Oversized prosthesis
Patella baja
Unexplained pain

2 (0.1%)
3 (0.1%)
46 (1.6%)

Other

15 (0.5%)

Complications unrelated to the implant developed in 132 (4.6%)
knees. Table 4 lists the number of knees with each complication
and the treatments used.
Infections occurred in 41 (1.4%) cases. Among them, 8 were
superﬁcial and required only local treatment. The remaining 33
were deep infections treated with simple joint irrigation (n = 4),
joint irrigation and polyethylene insert exchange (n = 6), or total
implant exchange (n = 23, including 18 in two stages).
Mean IKS knee and function scores at last follow-up were 88 and
78.1, respectively, with no statistically signiﬁcant differences across
implant generations (P = 0.1 and P = 0.08, respectively) (Table 5).
Fig. 7 shows the survival analyses overall and for each implant
generation. The event of interest was the exchange of one or more
implant components, including the patellar button and polyethylene insert. Survival did not differ signiﬁcantly across generations
(P = 0.1).

4. Discussion
The main strength of this study is that all local complications
(including those related to the implant) were recorded in a large

and homogeneous cohort of consecutive patients managed with
tri-condylar posterior-stabilised TKA.
A meta-analysis by Hopley et al. [12] included a total of 6437
TKAs posterior-stabilised by a cam mechanism. Mean IKS knee and
function scores were 89 and 78, respectively, in keeping with our
results. Our 96% 5-year and 92% 10-year survival rates are also similar to those obtained in recently published, large (> 250 TKAs with
follow-up data) studies of posterior-stabilised TKA (Table 6).
In the Swedish [18] and Australian [19] registries, the main reasons for revision were infection (26 and 22%), aseptic loosening
(25% and 29%), and patellar complications (19 and 16%). These
ﬁndings agree in part with ours (33, 17, and 16%, respectively).
Mahoney and Kinsey [17] studied 1030 posterior-stabilised TKAs
and found 32 revisions including 11 (34%) for infection, 10 (31%)
for peri-prosthetic fractures, 8 (25%) for loosening, and 2 (6%) for
stiffness. No revisions for unexplained pain were recorded. The distribution of reasons for revisions was largely similar in our study;
however, aseptic loosening was considerably less common, a fact
ascribable to the routine bipolar cement ﬁxation of all implants.
In the British registry [20], the frequency of aseptic loosening was
80% lower with cemented versus cementless TKA. Another contributor to the low aseptic loosening rate in our study is the tri-condylar

Table 5
Mean IKS knee and function scores with each implant generation.

Number of patients
Mean IKS knee score
Mean IKS function score

Overall

HLS1®

HLS2®

HLS Evolution®

HLS Noetos®

HLS KneeTec®

P value

2844
88
78.1

20
83.3
60

220
88.1
65.4

636
90.5
75.4

1373
88.5
79.9

596
84.7
82.1

0.1
0.08
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Fig. 7. Survival curves overall and with each implant generation.

posterior-stabilised design, which lowers the tibio-femoral contact
zone, thereby diminishing shear forces at the bone-tibial component interface.
In a review of 1600 posterior-stabilised TKAs including 280
with patellar resurfacing, Schiavone Panni et al. [21] found 5 (1.8%)
cases of patellar instability, 1 case of aseptic patellar loosening
(0.4%), and no patellar fractures. These rates agree partially with
those in our study (0.3, 0.1, and 1.2%, respectively). Faulty implant
position is the main cause of patellar instability. Patellar clunk syndrome was observed with early posterior-stabilised implants, due
to impingement of the femoral component on the upper edge of
the patella. In previous reports, the frequency of patellar clunk
syndrome ranged from 0 to 15% [22] (0.9% in our study). Theiss
et al. [23] and Rajshekhar et al. [24] reported a direct association
between the overall frequency of patellar complications (including
clunk syndrome) and changes in implant design (particularly those
affecting the femoral component). Our data are partly consistent
with their conclusions, with signiﬁcant declines in both patellar

fractures and clunk syndrome from one generation to the next. The
switch from one to three pegs for patellar button anchoring may
have substantially decreased the risk of fracture. Furthermore, the
steady improvements in trochlear design (7◦ groove valgus, deepening of the groove) contribute to improve patellar tracking and to
decrease the risk of impingement.
We believe that some cases of patellar fracture or loosening are
secondary to patellar necrosis, which is often misdiagnosed and
usually classiﬁed as unexplained pain (20/2844, [0.7%] of cases of
anterior knee pain not treated surgically in our study).
The frequency of polyethylene wear in our study (0.1% of cases
and 2.3% of revisions) was comparable to that in the Swedish registry [18] (4% of revisions) and Australian registry [18] (1.6% of
revisions). Changes in polyethylene design and the introduction of
a mobile platform in the latest generations seem to have limited the
risk of wear. The third condyle distributes the loads over the entire
surface of the polyethylene, in contrast to prostheses posteriorstabilised by a cam mechanism.

Table 6
Survival of posterior-stabilised implants in earlier studies.

Garcia-Crespo et al. [13]
Metsovitis et al. [14]
Tayot et al. [8]
Nakamura et al. [15]
Argenson et al. [16]
Mahoney et Kinsey [17]
Our study

N

Model

Posterior stabilisation

Survival

297
326
376
507
846
1030
2847

Optetrak® (Exactech)
Rotaglide® (Corin group)
HLS1® (Wright-Tornier)
Bisurface (Kyocera Medical)
Multiple
Scorpio® (Stryker)
Multiple HLS models (Wright-Tornier)

Posterior cam
Ultra-congruent
Third condyle
Posterior cam
Posterior cam
Posterior cam
Third condyle

91.3% after 12 years
96% after 10 years
93.7% after 10 years
97.4% after 10 years
92% after 10 years
95.8% after 9.5 years
92% after 10 years
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Coronal plane laxity was uncommon in our study (0.4% of cases)
but was nearly always treated with prosthesis exchange. Posterior stabilization has been incriminated as a risk factor for coronal
plane laxity. However, in a study of post-operative laxity in 60
TKAs, Takeda et al. found no signiﬁcant difference after 2 years
between the group with posterior stabilization and the group with
posterior cruciate ligament retention [25]. Extension laxity was the
reason for 9% of the revisions in our study, in keeping with registry data (6 to 12%). A weakness of our database is the absence of
information on symptomatic ﬂexion laxity, which may be related
to tri-condylar posterior stabilisation and may also be mistakenly
classiﬁed as unexplained pain. The absence of cases of dislocation
in our study suggests favourable effects of balancing in ﬂexion ﬁrst
then replicating the gap in extension, as well as of congruence of
the third condyle in ﬂexion.
Stiffness was the most common complication in our study
(2.4%). Yercan et al. [26] previously found stiffness in 5.3% of
1188 TKAs performed between 1987 and 2003 and taken from
the database used for our study. This decrease in the frequency
of stiffness is chieﬂy ascribable to the excellent performance of
the last-generation implant, HLS KneeTec® ; availability of a narrow
femoral component option for average-sized femurs decreases the
medio-lateral dimension and, therefore, the relative oversizing of
the prosthesis (a typical problem with HLS Noetos® ). This smaller
size minimises the risk of impingement and pain and decreases the
loads applied to the extensor mechanism, all of which are associated with stiffness after TKA.
Although regular follow-up was offered, 10% of patients were
lost to follow-up. This attrition is a source of bias in our study. In
addition, mean follow-up was short, and the frequency of longterm complications may therefore have been underestimated.
The database used for this study more closely resembles a
registry of homogenous cases than a retrospective case series.
Therefore, discernment is in order when interpreting our ﬁndings.
Nevertheless, given the large numbers of patients in the source
database and study analysis, our results are clearly in favour of tricondylar posterior stabilisation and support a beneﬁcial effect on
complication rates of the changes in implant design made over the
last 30 years.
5. Conclusion
Tri-condylar posterior stabilisation has been proven effective
over the past three decades. Mid- and long-term outcomes are
excellent, similar to those obtained in vast case-series studies
of post-cam posterior-stabilised TKA. Aseptic loosening was a
rare reason for revision, and the rates of patellar complications
and instability were not higher with the tri-condylar posteriorstabilised design. Improvements in implant design over time have
been successful in correcting early ﬂaws.
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