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Abstract
AIM
To evaluate the influence of the titanium nitride (TiN) 
coating on the results of a total knee arthroplasty (TKA). 

METHODS
A total of 910 patients (338 men; 572 woman), with a 
mean age of 65 (range 36-94) undergoing 1031 primary 
TKAs were assessed. Clinical evaluation and patient-
reported outcomes were gathered one year after surgery. 
The questionnaires included the Knee injury and Osteo
arthritis Outcome Score (KOOS)-Dutch version, Visual 
Analogue Scale (VAS) pain scores in rest and during active 
knee movement, VAS-satisfaction scores, and EQ-5D-3L 
health scores. This was aimed to assess the overall knee 
function and patient satisfaction, and to enable us to make 
a gross comparison to other TKAs.

RESULTS
At a mean follow-up of 46 mo (range 1-92) the overall 
implant survival was 97.7% and 95.1% for any operative 
reason related to the implant. Twenty-three knees (2.2%) 
required revision surgery. Arthrofibrosis was the most 
common indication for a re-operation. The clinical eva
luation and patient-reported outcomes revealed good 
to excellent patient satisfaction and function of the 
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arthroplasty. The median postoperative VAS-pain scores 
on a scale of 0-100, at one year after surgery were 1 in 
rest and 2 during movement.

CONCLUSION
The TiN coated, mobile bearing TKA results are excellent 
and similar to those of other widely used TKA designs. 
Residual pain of the knee remains a concern and the TiN 
coating in combination with the mobile bearing does not 
seem to be the simple solution to this problem. Future 
research will have to show that the coating gives a better 
survival than the cobalt chrome version.  

Key words: Total knee arthroplasty; Titanium nitride 
coating; Mobile bearing; Pain; Satisfaction and survival
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Core tip: The titanium nitride coated, mobile bearing total 
knee arthroplasty (TKA) results are excellent and similar 
to those of other widely used TKA designs.
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INTRODUCTION
Total knee arthroplasty (TKA) is the golden stan­
dard treatment for treating patients with end stage 
Osteoarthritis, and although very successful, appro­
ximately 10% of patients experience residual pain[1]. 
In the last 20-30 years much research have been done 
and many theories have been proposed to explain 
this residual pain. Today most TKA manufacturers 
use approximately the same design, but small diff­
erences in the used materials and coatings, make 
each arthroplasty unique. Each small change to a well 
renowned arthroplasty system needs to be evaluated.

Although fixed bearing designs have revealed a 
high degree of clinical success over the past decades, 
implant loosening and polyethylene wear were regularly 
causes for failure[2,3]. In the 1970’s, Buechel and Pappas 
introduced the (LCS-system) mobile bearing in TKAs, 
hereby trying to reduce polyethylene contact stress and 
therefore wear[4]. Although the mobile bearing achieves 
excellent results, literature is not clear whether a mobile 
bearing is better than a fixed bearing TKA. Some 
studies show a difference, yet others show no significant 
differences between fixed- and mobile bearing TKAs[5-9]. 
Today most femur and tibia components used, are made 
of cobalt-chromium-molybdenum (CoCrMo) alloy[10]. 

Titanium nitride (TiN) is a ceramic, which is regularly 

used as a coating to enhance other materials with the 
properties of TiN. This coating is administered to a wide 
variety of implants used in cardiac-, neurologic-, dental- 
and orthopaedic surgery[11-13]. Beneficial properties 
of TiN include hardness, more scratch resistant, a 
smoother surface, less adhesion to polyethylene and a 
more wettable surface[10,14-16]. The TiN coating is thought 
to reduce the wear of Polyethylene and the potential 
for wear debris induced osteolysis, which today is still a 
considerable cause for revision surgery[2,3]. Furthermore 
In vitro studies have shown that Cobalt en Chrome ions 
can induce an inflammatory response, thus induce pain 
and swelling[10]. Adding the TiN coating to the CoCrMo 
TKA system, is thought to reduce the release of Cobalt 
and Chrome ions[10]. 

The primary goal is to report if the TiN coating in 
a mobile bearing TKA has any influence on the clinical 
outcome, patient satisfaction and the mid term implant 
survival of the TKA. This TiN TKA has been used in 
several clinics the last decade. Yet, little is published or 
reported about the clinical outcome and survival[10,14,15].

MATERIALS AND METHODS
All patients that had received a primary ACS® 
(Implantcast, Buxtehude, Germany) TiN mobile bearing 
TKA, between February 2007 and April 2012 in our 
clinic, were included in this study. The data for all 
included patients was collected up until October 2014, 
by utilizing the clinics’ database and by contacting 
patients if any necessary data was missing. No patients 
were excluded on the basis of the severity of their 
disease or deformity of the knee. Patient sex, age, 
BMI, ASA-class (American Society of Anaesthesiology), 
arthroplasty side, component sizing and use of posterior 
stabilised components were gathered as baseline 
patient characteristics. Informed consent was obtained 
from all individual participants included in this study.

The Primary endpoints were defined as true 
revisions, defined as exchange of the tibial and/or 
femoral component, and secondary resurfacing of the 
patella. Secondary endpoints were defined as “revision 
for any reason” and included also open and arthroscopic 
arthrolysis, exchange of the polyethylene liner, and 
realignment of the patella. All patients were asked to 
complete a questionnaire at 1 year following primary 
TKA. The questionnaire included the Knee injury and 
Osteoarthritis Outcome Score (KOOS)-Dutch version[17], 
Visual Analogue Scale (VAS) pain scores in rest and 
during active knee movement, VAS-satisfaction scores, 
and EQ-5D-3L health scores. This was aimed to assess 
the overall knee function and patient satisfaction, and to 
enable us to make a gross comparison to other TKAs.

Operative technique
Three orthopaedic surgeons within the same orthopedic 
clinic performed all TKAs, with osteoarthritis being the 
most common indication for surgery. Patients underwent 
either a general- or spinal-anaesthetic and all patients 
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received a locally infiltrated anaesthetic (LIA) at the end 
of surgery. All patients received perioperative antibiotic 
prophylaxis for 24 h. A straight longitudinal incision was 
made to expose the knee joint. A surgical tourniquet 
was used during all TKAs. All prostheses were fixed 
using bone cement. Postoperative thrombo-profylaxis 
was administered in the form of daily subcutaneous 
injections with Low Molecular Weight Heparin (LMWH) 
and use of a Trombo Embolism Deterrent (TED) 
stocking during 4 wk after surgery. Physical therapy was 
prescribed generally starting two weeks after surgery. 

Statistical analysis
Survival analyses were performed using the Kaplan-
Meier methods and cumulative survival rates were 
calculated with 95%CI for both true revision and revision 
for any reason as endpoints. Patients who died with 
the implant intact or who were lost to follow up were 
identified from patient files, and the follow-up time for 
these patients was censored at the date of death or 
last clinical or telephone based contact. Multivariate 
Cox regression analysis was performed to assess the 
association between potential risk factors (age, BMI, 
ASA, component sizing and indication) and revision. The 
KOOS, VAS-pain and satisfaction, and EQ-5D scores are 
described as medians with accompanying interquartile 
ranges (IRQ). Comparisons between the revision and 
non-revision group were performed by use of Mann 
Whitney U-tests. Statistical analysis was performed with 
the use of SPSS 24.0 (Armonk, NY: IBM Corp). A P-value 
< 0.05 was considered statistically significant.

RESULTS
A total of 910 patients with 1031 Primary ACS arthro­
plasties, performed by 3 orthopaedic surgeons, were 
identified from the database. This included 338 male 
(37.1%) and 572 female (62.9%) patients, with a mean 
age of 65.4 years (range 36-94) at time of surgery.

The arthroplasties were performed in 52.7% (n 
= 543) on the right side, and in 47.3% (n = 488) on 
the left. A total of 121 patients had received bilateral 

arthroplasty between 2007 and 2012. Mean BMI was 
28.7 (range 20.4-47.3). 26.3% of patients had an ASA-
score of 1, 67.8% had an ASA-score of 2 and 5.9% had 
an ASA-score of 3. 

Clinical outcomes at 1 year after surgery
A total of 671 patients (65%) had filled out the 
questionnaires at one year after primary TKA (Table 1). 
The KOOS measured at 1 year after surgery showed 
generally good levels of function during activities of 
daily life (ADL), pain, and symptoms with a median 
scores of 89 (IQR: 70-97), 92 (IQR: 72-100), 86 (IQR: 
71-93), respectively. The domains “sport/rec” and 
“QoL” had median values of 40 (IQR: 15-70) and 69 
(IQR: 50-88), respectively. In all but the “sports and 
recreational function” subscale of the KOOS, patients 
without required revision surgery scored significant 
higher scores (P-value < 0.01) then the revision group 
(Table 1).

The median postoperative VAS-pain scores on a 
scale of 0-100, at one year after surgery were 1 in rest 
and 2 during movement of the joint in the non-revision 
group. The patients that required a revision operation 
scored significantly higher VAS scores during activity (P 
= 0.03). 

Overall patient satisfaction levels were good, revealing 
a median VAS-satisfaction score of 91 (IQR: 70-100) 
out of 100 in the non-revised, vs 45 (IQR: 14-38) out of 
100 in the revision group at one year following primary 
surgery. This difference was statistically significant (P < 
0.01).

At one year after surgery patients reported high levels 
of health-related quality of life. There was a significant 
difference (P < 0.01) in the EQ-5D scores between the 
revised and non-revised TKA scores, with the revision 
group showing lower scores corresponding with a lower 
quality of life (Table 1). 

Component sizing
Table 2 shows the overall use of arthroplasty sizes utilised 
in this study. Size 4 femoral and tibial components were 
the most frequently implanted (both 38%) with a 10 
mm thick liner (53%). Twelve female knee replacements 
were done using a Gender-specific, also known as a 
Slim-variety, arthroplasty. In 18 cases, use of a Posterior 
Stabilised (PS) femoral component with matching PS-
liner was deemed necessary to acquire a peri-operative 
stable knee joint. All but two TKAs were primarily 
implanted without a patellar component. In these two 
cases peri-operative patellar tracking was suboptimal 
due to heavy wear and severe deformation of the patella 
and/or trochlea. The size of the components was not 
significantly associated with revision rates for component 
exchange as well as revisions for any reason (0.22 < P < 
0.72).

Survival analysis
The mean follow-up period of all 1031 patients was 
46 mo, ranging from 1 to 92 mo. Overall arthroplasty 

Table 1  Comparisons of clinical outcomes 1 year after primary 
total knee arthroplasty (medians with interquartile ranges)

Arthroplasty in situ  
(n  = 663)

Revised (n  = 8) P  value

KOOS-pain     92 (72; 100)   64 (42; 72) < 0.01
KOOS-sympt   86 (71; 93)   68 (56; 78) < 0.01
KOOS-adl   89 (70; 97)   59 (51; 75) < 0.01
KOOS-sport   40 (15; 70) 33 (6; 65)    0.56
KOOS-qol   69 (50; 88)   38 (38; 55) < 0.01
VAS-pain (rest) 1 (0; 7)   8 (1; 61)    0.06
VAS-pain (activity)   2 (0; 13) 18 (3; 40)    0.03
VAS-satisfaction     91 (70; 100)   45 (14; 38) < 0.01
EQ-5D    0.84 (0.78; 1.0)     0.76 (0.35; 0.78) < 0.01
EQ-5D-VAS   80 (70; 90)  71 (50; 89)    0.26

KOOS: Knee injury and osteoarthritis outcome score; VAS: Visual analogue 
scale.

Breugem SJM et al . Evaluation of titanium nitride coated TKA



925 December 18, 2017|Volume 8|Issue 12|WJO|www.wjgnet.com

survival for component exchange was 97.7% (95%CI: 
97.2-98.2) and 95.1% (95%CI: 94.4-95.8) for revision 
for any reason. Seventeen patients (18 TKAs) had died 
due to causes unrelated to knee surgery after a mean 
follow-up of 30.1 mo (range: 9 to 56) (Figure 1).

A total of 23 (2.2%) TKAs required revision surgery 
of at least one component of the TKA or addition of 
a patellar button. All revisions were performed within 
the first three years postoperatively. Mean time to 
revision was 21 mo (range: 3 to 36). Revision of six 
tibial components was performed due to malpositioning 
at primary surgery, two of which also required addition 
of a patellar button. In five cases revision was required 
following a traumatic event, resulting in periprosthetic 
bone fractures, and muscle-/ligament tears. One of 
which, revision of the femoral component was necessary 
at 27 mo, after a fracture of the femur was caused 
during manipulation under narcosis, at five months 
after primary TKA. Revision surgery was performed on 
2 patients due to infection of the TKA. Revision surgery 
of the total joint was performed in two stages with 
addition of antibiotic treatment. These treatments proved 
successful as the revised TKAs are still implanted. 

Isolated Patellofemoral (PF) pain occurred in four 
patients after TKA and required addition of a patellar 
component. Two patients had PF pain accompanied 
by non-traumatic instability and required polyethylene 
exchange along with the addition of a patellar com­
ponent. One patient reported PF pain and instability after 
a traumatic event for which PE exchange and addition 
of a patellar component was performed. Arthrofibrosis 
combined with PF pain was seen in four patients. In 
these cases addition of a patellar component was done 
along with an arthrolysis and in three cases removal of 
the liner was necessary to release the posterior capsule. 
An implantation of a patellar component was necessary 
to improve patellar tracking along the trochlea.

Revision for other reasons in terms open and 
arthroscopic arthrolysis, exchange of the polyethylene 
liner, and realignment of the patella, was performed in 
an additional 27 patients (2.6%), resulting in a total 
amount of 50 revisions for any reason (4.8%) with a 
mean time to revision of 18 mo (range 1 to 36). Of 
these 27 procedures, seventeen knees (34% of all 
revisions for any reason) required an open release for 
which the PE needed to be removed, eight knees (16%) 
required an open arthrolysis without PE exchange, one 
knee (2%) was arthroscopically released and in one 

knee (2%) an arthroscopic lavage was done, followed 
by antibiotic treatment due to an infection of the knee.

Five patients required open arthrolysis with exchange 
of the polyethylene liner. In three of these cases no clear 
improvement of the ROM was achieved by a manipulation 
under anaesthesia (MUA). One patient suffered from 
periarticular ossifications (PAO’s), which were excised at 
13 mo after surgery and therefore required polyethylene 
exchange. In one case, the patient had complaints of 
a large fabella for which removal of the PE was needed 
to gain access for excision. Five patients suffered from 
joint instability after a traumatic event, and four patients 
had complaints of instability following primary surgery 
without any clear trauma. One early infection (within 1 
mo) was treated with arthroscopic lavage followed by 
an additional treatment. Of the eight TKAs that received 
an open procedure without PE exchange, seven patients 
underwent arthrolysis for arthrofibrosis, of which two 
cases required additional realignment of the patella 
without implantation of a patellar button. One patient 
had complaints of a Corpus Liberum (CL) that required 
removal. On inspection, there was no visible damage 
caused by the CL.

In one case amputation of the lower limb was 
necessary within the first month after surgery, due to 
a rupture of a pseudo-aneurysm. This lead to a com­
partment syndrome, which was detected too late due to 
an epidural anaesthesia.

MUA was performed in 33 knees (3.2%) at a mean 
follow up time of 4.1 (range 1-8) mo. In three cases 
MUA was followed by an open release, for which PE 
exchange was also necessary and in one case by 
component exchange. All TKAs that required MUA 
suffered from arthrofibrosis that limited the functional 
Range of Motion (ROM) of 90 degrees of flexion or full 
extension. Patient age, gender, BMI and ASA-class were 
not significantly associated with true revision as well as 
revision for any reason (0.38 < P < 0.99).

DISCUSSION
In this large retrospective review of a TiN coated mobile 

Table 2  Implant component sizing (n  = 1031)

Component 
size femur

n  (%) Component 
size tibia

n  (%) Size liner n  (%)

2   5 (0.5) 3 57 (5.6) 10 545 (53)
3 257 (25.0) 4 386 (37.6)    12.5 394 (38.2)
4 390 (37.9) 5 287 (27.9) 15   80 (7.8)
5 280 (27.2) 6 221 (21.5)    17.5     8 (0.8)
6 97 (7.4) 7 76 (7.4) 20     2 (0.2)
Missing 2 Missing 4 Missing     2
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Figure 1  Kaplan-Meier survival curves of the ACS total knee arthroplasty 
for both True revision (component exchange and revision for any reason).
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bearing TKA, good to excellent scores were achieved 
and a very low pain scores. A median postoperative 
VAS pain scores in a scale of 0-100, at one year after 
surgery were 1 in rest and 2 during movement of the 
joint. The median reported KOOS-pain scores were 92. 
These reported pain scores seem to be comparable 
with the reported VAS-pain scores reported by Moon 
et al[18] of 1.4 (in de “Buechel and Pappas” total knee 
group) and 1.8 (in the “NexGen-LPS” total knee group). 
Therefore the results of the TiN coated mobile bearing 
TKA concur with the results of the CoCrMo mobile 
bearing TKA, and are not superior or inferior to the 
CoCrMo mobile bearing TKA[18,19].

It was suggested in the literature, that the TiN 
coating could protect the synovium of the knee for 
the release of Co and Cr ions[10]. In vitro studies have 
shown that Co en Cr ions can induce an inflammatory 
response, thus induce pain and swelling[10]. Van Hove 
et al[10] compared the TiN coating to a CoCrMo mobile 
bearing TKA and found no difference in postoperative 
pain scores or inflammation between the two groups. 
So the hypothesis that the TiN coating could make a 
difference in the direct post operative period, does not 
seem to be the case, our results are comparable to the 
CoCrMo mobile bearing TKA.

Another reason for our group to use the mobile 
bearing TKA is the low number of patients with anterior 
knee pain or PF pain after a TKA. Resurfacing or nor 
resurfacing the patella during primary TKA still remains 
controversial[1,20]. Anterior knee pain after TKA could 
have multiple causes and is not solely caused by not 
resurfacing the patella during primary surgery. In our 
series all but two TKAs in this study were implanted 
without the use of a patellar component. Later 10 
Patients (1.0%) suffered from PF pain and required 
a secondary resurfacing of the patella. Thus in our 
series, more than 1000 knees were not resurfaced 
with a patella, this may further support the theory 
that resurfacing of the patella is not strictly necessary 
in primary mobile bearing TKA[20-22]. There are some 
limitations in this study with regard to this dilemma. We 
did not specifically ask questions regarding PF pain or 
quantify that amount of pain. Although the completed 
questionnaires can give some insight in the overall knee 
function and pain scores, they do not isolate PF pain. 
We only have data on PF pain if this resulted in the 
secondary resurfacing of the patella.

Patient satisfaction were good, revealing a median 
VAS-satisfaction score of 91 (IQR 70-100) out of 100 in 
the non-revised, vs 45 (IQR: 14-38) out of 100 in the 
revision group at one year following primary surgery. 
This difference was statistically significant (P < 0.01). 
At one year after surgery patients reported high levels 
of health-related quality of life. There was a significant 
difference (P < 0.01) in the EQ-5D scores between the 
revised and non-revised TKA scores, with the revision 
group showing lower scores corresponding with a lower 
quality of life. The impact of a revision or secondary 
operation can be revealed in this way.

The TiN coating of the CoCrMo TKA could be 
beneficial to patients with a metal allergy, especially 
those with a known nickel sensitivity[23]. This precludes 
them from receiving a CoCrMo alloyed arthroplasty. 
Due to the increase in the number of TKAs performed 
annually; the amount of patients with a painful well-
implanted TKA is also thought to increase. If a patient is 
known with a metal allergy, it is advised to perform an 
anallergic implant, like the TiN coated implants.

MUA was performed in 33 (3.2%) cases, and this 
is in unison with the widely reported prevalence of 
1.3%-12%[8]. For all but 3 patients in our study, a 
single MUA followed by intensive physical therapy was 
sufficient to improve ROM to a functional level of > 90 
degrees of flexion and full extension. An additional open 
release was necessary in the above-mentioned three 
patients following MUA to regain a functional ROM.

The TiN coating is thought to reduce the wear of 
Polyethylene and the potential for wear debris induced 
osteolysis, which today is still a considerable cause for 
revision surgery[2,3]. This is thought to be due to the 
beneficial properties of TiN coating, they include: The 
hardness, more scratch resistant, a smoother surface, 
less adhesion to polyethylene and a more wettable 
surface[10,14-16]. In this series a survival of 97.7% at 
a mean follow-up period of 46 mo was found. This 
is comparable to the survivorship of other TKAs. The 
survival of conventional knee arthroplasties, using 
fixed bearing implants, ranges from 90%-95% of 
> 10 years[18]. Beuchel et al[19] reported a 20 year 
survival of the LCS cemented rotating platform TKA of 
97.7%. Jordan et al[24] reported survivorship of 94.8% 
at 8 years of the meniscal-bearing TKA. All retrieved 
polyethylene liners were inspected for wear during 
revision surgery. There were no reports of significant 
wear of the retrieved liners. The mean revision period 
of 21 mo is however, arguably too short to reveal 
high levels, if any, of polyethylene wear. Whether or 
not the addition of a TiN coating of a mobile bearing 
TKA reduces polyethylene wear and thus enhance 
the survival of the arthroplasty needs to be further 
investigated in the upcoming years.

Results of this study should be interpreted taking 
into account the limitations inherent to retrospective 
studies. Additionally, the response rate of completed 
questionnaires was 65%. This percentage might be 
susceptible to selection bias. A limitation of our study is 
due to lack of pre-operative pain scores, it is however 
not possible to quantify the improvement of patient 
reported pain after TKA.

In conclusion the ACS TiN mobile bearing TKA is a 
reliable arthroplasty yielding good to excellent clinical 
results, with a high level of function and low revision 
rates at a mean follow-up of 46 mo after surgery. Based 
on the outcomes of this study, the use of the ACS TiN 
coated, mobile bearing TKA appears to be justified 
and will be used as our primary TKA. Further research 
is necessary to investigate long-term survival of the 
arthroplasty and whether or not the addition of the TiN 

Breugem SJM et al . Evaluation of titanium nitride coated TKA



927 December 18, 2017|Volume 8|Issue 12|WJO|www.wjgnet.com

coating is beneficial for polyethylene wear.

ARTICLE HIGHLIGHTS
Research background
Evaluate the influence of the titanium nitride (TiN) coating on the results of a 
total knee arthroplasty (TKA). 

Research motivation
Very little is known about the influence of the TiN coating on the results of a 
TKA.

Research objectives
Evaluate the overall clinical outcome, evaluating pain and patient satisfaction 
and the mid-term implant survival.

Research methods
A total of 910 patients (338 men; 572 woman), with a mean age of 65 (range 
36-94) undergoing 1031 primary TKAs were assessed. Clinical evaluation 
and patient-reported outcomes were gathered one year after surgery. The 
questionnaires included the Knee injury and Osteoarthritis Outcome Score 
(KOOS)-Dutch version, Visual Analogue Scale (VAS) pain scores in rest 
and during active knee movement, VAS-satisfaction scores, and EQ-5D-3L 
health scores. This was aimed to assess the overall knee function and patient 
satisfaction, and to enable us to make a gross comparison to other TKAs.

Research results
At a mean follow-up of 46 mo (range 1-92) the overall implant survival was 
97.7% and 95.1% for any operative reason related to the implant. Twenty-three 
knees (2.2%) required revision surgery. Arthrofibrosis was the most common 
indication for a re-operation. The clinical evaluation and patient-reported 
outcomes revealed good to excellent patient satisfaction and function of the 
arthroplasty. The median postoperative VAS-pain scores on a scale of 0-100, at 
one year after surgery were 1 in rest and 2 during movement.	

Research conclusion
The TiN coated, mobile bearing TKA results are excellent and similar to those 
of other widely used TKA designs. Residual pain of the knee remains a concern 
and the TiN coating in combination with the mobile bearing does not seem to be 
the simple solution to this problem. Future research will have to show that the 
coating gives a better survival than the cobalt chrome version.  
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