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Abstract

Purpose Titanium-nitride (TiN) coating of cobalt-chromium-molybdenum (CoCrMo) 

implants has shown to improve the biomechanical properties of the implant surface and to 

reduce adhesive wear in vitro. It is yet unknown, whether TiN coating of total knee prosthesis 

(TKP) affects the postoperative clinical outcome of total knee arthroplasty (TKA). 

Methods In a double blind randomized controlled clinical trial, 101 patients received an 

uncemented mobile bearing CoCrMo TKP, either TiN coated or uncoated. Primary outcome 

measure Visual Analogue Scale (VAS) score for pain, and secondary outcome measures Knee 

Society Score (KSS), revision rate and adverse events, range of motion of the knee as well 

as knee circumference and knee skin temperature were assessed six weeks, six months, 

one year and !ve years postoperative. Repeated measures analysis was used to evaluate the 

postoperative outcome measures over time.

Results There was no difference between the two groups in VAS score, KSS, revision rate, 

range of motion of the knee, knee circumference and knee skin temperature. There were no 

adverse events which could be related to the TiN coating.

Conclusions TiN coated TKP does not in"uence the postoperative outcome of uncemented 

mobile bearing TKA regarding postoperative pain, revision rate, range of motion, swelling 

and temperature of the knee. Therefore, TiN coating of CoCrMo TKP has no clinical bene!t 

on the outcome of cementless mobile bearing TKA. 

Level of Evidence Level I, Therapeutic study. 

Keywords: titanium-nitride; mobile bearing total knee arthroplasty; postoperative outcome 
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Introduction

For osteoarthritis of the knee which results, despite appropriate conservative treatment, in an 

unacceptable level of pain or physical function or both, total knee arthroplasty (TKA) is the 

accepted treatment [17]. Nonetheless, approximately 10% of patients have persisting pain 5 years 

after surgery [3]. Other postoperative clinical symptoms, such as swelling, progressive deformity, 

instability and stiffness, occur as prodromes of failure of TKA [21]. Whether persisting pain and 

other postoperative clinical symptoms are in!uenced by component material is unclear. 

The femur and tibia component of most total knee prostheses (TKP) are made of a cobalt-

chromium-molybdenum (CoCrMo) alloy. This alloy is mainly used for surgical implants because 

of its mechanical properties, particularly the excellent wear resistance [24]. However, in in vitro 

studies, chromium and cobalt ions showed a negative effect on the growth and metabolism of 

osteoblast like cells [1, 11]. Another in vitro study showed enhanced release of in!ammatory 

cytokines by osteoblast like cells in reaction to chromium and cobalt ions [39]. In a case report, 

"ve patients who presented with severe persistent synovitis, i.e. pain and swelling, were diagnosed 

with implant-related hypersensitivity after CoCrMo TKA [34]. These negative effects of CoCrMo 

alloy raise concerns about its clinical use.

Titanium nitride (TiN) coating of CoCrMo alloy surgical implants was introduced in an 

attempt to enhance the mechanical properties and biocompatibility of these implants [40]. TiN is 

a ceramic, which can be applied by physical vapor deposition in a layer of 3-4 µm to the CoCrMo 

implant [40]. It provides the implant surface with increased hardness, a low coef"cient of friction, 

and high resistance to adhesive wear [26]. Furthermore, TiN coated surfaces show less adhesion 

to polyethylene, as used for inserts of articular implants, compared with CoCrMo surfaces [12]. 

A catalytic effect on the degradation behavior of polyethylene is shown by CoCrMo, whereas TiN 

is inert [12]. 

Although TiN coating of CoCrMo has preclinical advantages compared with CoCrMo, it is 

unknown whether the use of a TiN coated CoCrMo TKP results in less postoperative synovitis 

and subsequent better clinical outcome of TKA compared with the use of a CoCrMo TKP. Less 

postoperative pain, swelling and temperature of the knee, better function and range of motion 

as well as a lower revision rate after TKA with a TiN coated CoCrMo TKP compared with the 

standard, CoCrMo TKP was hypothesized. This is the "rst randomized clinical trial to evaluate 

whether TiN coating of CoCrMo TKP improves the postoperative outcome of cementless mobile 

bearing TKA. 
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Material and Methods

A double blind randomized controlled clinical parallel trial with an equal allocation ratio was 

performed, comparing patients with an indication for TKA who were planned to receive a 

cementless mobile bearing rotating platform (RP) TKP. For this study, total knee prostheses 

with similar design and geometry were used. In the intervention group, a TiN coated cementless 

mobile bearing RP TKP, the Ceramic Coated Implant (CCI®, currently available as ACS® Basic, 

Implantcast GmbH, Buxtehude, Germany), was implanted. The TiN coating is applied to the 

articular surface as well as the bone interface surface. In the control group a cementless mobile 

bearing RP TKP, the Low Contact Stress (LCS® Complete, DePuy, Warsaw, IN, USA), the standard 

in our hospital, was implanted. Inclusion criteria for patients were indication for TKA, age of 40 

years or older, and the ability to give informed consent. Exclusion criteria were revision TKA, 

persisting pain after previous TKA on the contralateral side, and no informed consent. Patients 

were enrolled by the primary investigator and assigned to either the intervention group or the 

control group according to a computer randomized list. Patients and the primary investigator 

who assessed outcome were blinded to intervention. The study was approved by the medical 

ethical committee of the VU University Medical Center Amsterdam. The trial was registered 

with the Netherlands National Trial Registry (NTR 3033). The study reporting was based on the 

Consolidated Standards of Reporting Trials principles.

Study "owchart is shown in Figure 1. From July 2006 to June 2007, patients were asked to 

participate in this study. Patients were seen in an outpatient setting, 3 days preoperative (mean, 

SD 4), and 53 days (mean, SD 11), 186 days (mean, SD 11), 372 days, (mean, SD 16), and 5 years 

(mean, SD 0.05) postoperative. There was no difference in time to follow-up between groups. 

Two patients in the intervention group died of non-TKA related causes after 2.3 and 4.2 years. 

Two patients in the control group died of non-TKA related causes after 2.8 and 4.2 years.

Primary outcome measure was Visual Analogue Scale (VAS) score for pain. Secondary outcome 

measures were Knee Society Score (KSS) with subscores Knee (KSSK) and Function (KSSF), 

revision surgery and adverse events, knee "exion and knee "exion contracture, knee circumference 

(in 0.5cm) for swelling and knee skin temperature for increased temperature of the knee using an 

infrared thermometer (resolution 1°C; IT 540E, Horiba Ltd., Kyoto, Japan), and were assessed 

at each visit. These outcome measures were based on the methods as reported before [13, 14, 16, 

19, 25, 30]. Revision surgery was de$ned as replacement of the polyethylene insert, the tibial 

or the femoral component of the TKP. The knee circumference and the knee skin temperature 

were de$ned as the difference in circumference and temperature between the affected and the 

unaffected side to adjust for intra-individual variation. 
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Figure 1. Study !ow diagram. Number of patients assessed for eligibility, inclusion, randomization, and 
allocation to either the intervention, TiN group or the control, CoCrMo group, lost to follow up and 
analysis. TiN, titanium-nitride coated total knee prosthesis; CoCrMo, cobalt-chromium-molybdenum total 
knee prosthesis; V1, visit 1 at six weeks; V2, visit 2 at six months; V3, visit 3 at 1 year; V4, visit 4 at 5 years.

Surgery was performed under spinal anesthesia and consisted of a medial parapatellar 

arthrotomy, inverting of the patella, and tibia-cut-"rst approach. Surgery was performed without 

the use of a tourniquet and by one of three experienced orthopaedic surgeons. In the intervention 

group, a cementless mobile bearing RP TiN coated CoCrMo TKP was implanted. In the control 

group, a cementless mobile bearing RP CoCrMo TKP, the standard in our hospital, was implanted. 

No patella component was used. Both groups received prophylactic antibiotics peroperative and 

followed the same postoperative protocol during hospital stay, which implied a pressure bandage 

for 48 hours, early mobilization with crutches or a walker, analgesics consisting of paracetamol, 
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non-steroid anti-in!ammatory drugs and opioids, and hospitalization for approximately four 

days. Low molecular weight heparin as deep vein thrombosis prophylaxis was administered for 

six weeks postoperative. After discharge, patients were referred to their own physical therapist 

for therapy according to local protocol. Patients were advised to use paracetamol and NSAID’s 

for pain if necessary. 

Statistical analysis

Clinical relevant reduction in pain was found to be 10-16 mm with a 95% con"dence interval, 

on a 100 mm VAS [13, 37]. Based on a 10 mm reduction of pain, a standard deviation of 20 

mm [4], with 90% statistical power and   level 0.05, with the intention to treat and a response 

rate of 94%, the estimated sample size was 50 patients for each group. Univariate analyses 

using independent samples T-test and two-tailed Fishers exact test were performed to examine 

differences between the two groups in characteristics and outcome measures at baseline, revision 

rate, !exion contracture and limited !exion. To study the effect of TiN coated or uncoated CoCrMo 

TKP over a period of "ve years, the participants are measured multiple times to see the changes 

in outcome measures over time. Therefore, a general linear model (GLM) repeated measures 

procedure [8] was used, while multivariate analysis was used for potential confounders including 

age, sex, preoperative BMI, and preoperative TKA on the contralateral side. All statistical tests 

were considered signi"cant at the 0.05 threshold and all p-values were two sided. Statistical 

analysis was performed using SPSS 19.0 for Windows (SPSS Inc, Chicago, Il, USA).

Results

Baseline characteristics are shown in Table 1. A higher BMI in the control group as compared 

with the intervention group was found (p=0.01). No difference between the intervention and 

control group were found for age, sexe, comorbidity, primary type of arthritis, previous surgery 

to the affected knee and contralateral TKA.
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Table 1. Baseline characteristics

TiN (n=51) CoCrMo (n=50) p-value

Age [yr (SD)] 69.7 (10.0) 68.0 (7.9) n.s.

Male [n] 22 13 n.s.

BMI [mean (SD)] 29.7 (4.0) 32.2 (5.6) 0.01

ASA [n]

1 17 17 n.s.

2 32 32 n.s.

3 2 1 n.s.

Primary type of knee arthritis [n]

Osteoarthritis 45 44 n.s.

Rheumatoid arthritis 1 2 n.s.

Osteoarthritis + other 5 4 n.s.

Previous surgery [n]

None 21 27 n.s.

Arthroscopy 10 7 n.s.

Arthroscopy + meniscectomy 11 13 n.s.

Arthrotomy + meniscectomy 11 6 n.s.

High tibial osteotomy 5 3 n.s.

Other 2 1 n.s.

Contralateral TKA 11 4 n.s.
 
TiN, titanium-nitride coated total knee prosthesis; CoCrMo, cobalt-chromium-molybdenum total knee 
prosthesis; BMI, Body Mass Index; ASA, American Society of Anesthesiologists classi!cation; TKA, total 
knee arthroplasty.

Clinical outcome measures at baseline are shown in Table 2. As compared with the control 

group, knee circumferences of the affected side and the unaffected side were both signi!cantly 

lower in the intervention group. In both groups, tibial tubercle osteotomy was performed in one 

patient because of suboptimal peroperative exposure. Groups were considered similar for the 

number of patients operated on per orthopaedic surgeon.

After !ve years of follow-up, a decrease of VAS score (p=0.02) (Fig. 2) and an increase of the 

KSS (p<0.001) (Fig.3A), the KSSK (p<0.01) (Fig. 3B), and the KSSF (p=0.003) (Fig.3C) within 

the intervention and control group was found. However, no differences in these outcome measures 

were found between the two groups. In both groups, knee "exion and knee circumference changed 

over time (p=0.002 and p=0.04, respectively), whereas knee skin temperature did not (see Fig. 

4, 5 6). A difference in knee "exion was found between both cohorts, which was in"uenced by 

age (p=0.002) and preoperative BMI (p=0.047). In addition, at the end of follow-up, a decrease 

in number of patients with a "exion contracture of more than 10 degrees was observed in both 

groups (p=0.005), but there was no decrease in number of patients with a "exion contracture of 

5-10 degrees.
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Table 2. Clinical outcome measures at baseline

TiN (n=51) CoCrMo (n=50) p- value

Visual Analogue Scale for Pain 49.7 (19.4) 51.0 (19.1) n.s.

Knee Society Score 120.3 (20.7) 117.2 (20.2) n.s.

Knee 58.1 (16.2) 55.1 (13.5) n.s.

Function 62.2 (14.4) 62.1 (14.1) n.s.

Knee Flexion (degrees) 115.7 (11.0) 111.3 (14.7) n.s.

Knee Flexion Contracture [n]

<5 degrees 2 2 n.s.

5-10 degrees 12 10 n.s.

10-15 degrees 4 3 n.s.

15-20 degrees 1 3 n.s.

Knee Circumference (cm)

Affected side 41.4 (3.3) 43.3 (4.3) 0.01

Unaffected side 40.8 (3.5) 42.7 (4.4) 0.02

Difference 0.6 (1.4) 0.6 (1.4) n.s.

Knee Skin Temperature (°C)

Affected side 31.6 (1.3) 31.7 (1.4) n.s.

Unaffected side 31.4 (1.2) 31.5 (1.3) n.s.

Difference 0.2 (0.9) 0.1 (0.7) n.s.
 
TiN, titanium-nitride coated total knee prosthesis; CoCrMo, cobalt-chromium-molybdenum total knee 
prosthesis. Values are presented as mean (standard deviation).

Figure 2. Knee pain. Knee pain expressed by the Visual Analogue Scale (VAS) score preoperative, six weeks, 
six months, 1 year, and 5 years postoperative. There was no difference in postoperative pain between groups 
on each visit. In both groups, there was a lower VAS score at V1 compared with P, at V3 compared with 
V1, and at V4 compared with V2. TiN, titanium-nitride coated total knee prosthesis; CoCrMo, cobalt-
chromium-molybdenum total knee prosthesis; VAS, visual analogue scale score; P, preoperative visit; V1, 
visit 1 at six weeks; V2, visit 2 at six months; V3, visit 3 at 1 year; V4, visit 4 at 5 years.
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Figure 3. Knee Society Score. KSS and its subscores Knee and Function preoperative, six weeks, six months, 
1 year postoperative, and 5 years postoperative. There was no difference in KSS and its subscores between 
groups on each visit. A) In the TiN group the KSS improved from V1 to V2. In the CoCrMo group the KSS 
improved from V1 to V2 and from V2 to V4. B) In both groups the KSS Knee improved from P, to V1, to 
V2, and to V4. C) In both groups the KSS function decreased from P to V1 and improved to V2. KSS, Knee 
Society Score; TiN, titanium-nitride coated total knee prosthesis; CoCrMo, cobalt-chromium-molybdenum 
total knee prosthesis; P, preoperative visit; V1, visit 1 at six weeks; V2, visit 2 at six months; V3, visit 3 at 
1 year; V4, visit 4 at 5 years.
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Figure 4. Knee !exion. Knee !exion in degrees preoperative, six weeks, six months, 1 year, and 5 years 
postoperative. There was no difference in knee !exion between groups on each visit. Knee !exion decreased 
from P to V1 and improved from V1 to V2. TiN, titanium-nitride coated total knee prosthesis; CoCrMo, 
cobalt-chromium-molybdenum total knee prosthesis; P, preoperative visit; V1, visit 1 at six weeks; V2, visit 
2 at six months; V3, visit 3 at 1 year; V4, visit 4 at 5 years.

Figure 5. Knee circumference. The difference in knee circumference in centimeters between the affected side 
and the unaffected side preoperative, six weeks, six months, 1 year postoperative, and 5 years postoperative. 
TiN, titanium-nitride coated total knee prosthesis; CoCrMo, cobalt-chromium-molybdenum total knee 
prosthesis; P, preoperative visit; V1, visit 1 at six weeks; V2, visit 2 at six months; V3, visit 3 at 1 year; V4, 
visit 4 at 5 years.

Information on revision surgery and postoperative limited !exion is shown in Table 3. Because 

of a painful, warm knee with effusion without elevated infection parameters in one patient in the 

control group, an arthroscopic synovectomy was performed, 1.4 years after primary TKA, which 

was complicated by a false route. Patient was treated with antibiotics until the wound healed, 

however a painful knee with effusion remained. Patient was referred for a two stage revision with 

a hinged prosthesis, 2.9 years after primary TKA. All peroperative cultures were negative. In 

seven patients, MUA was performed at 6-7 months and knee !exion improved from 72 degrees 
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(range 30-85 degrees) at six weeks to 100 degrees (range 85-110 degrees; p=0.01) one year 

postoperative. In two patients of the intervention group with patella baja, proximalization of the 

tibial tuberosity was performed. 

Figure 6. Knee skin temperature. The difference in knee skin temperature in degrees Celsius between 
the affected side and the unaffected side preoperative, six weeks, six months, 1 year postoperative, and 
5 years postoperative. There was no difference in knee skin temperature between groups on each visit. 
TiN, titanium-nitride coated total knee prosthesis; CoCrMo, cobalt-chromium-molybdenum total knee 
prosthesis; V1, visit 1 at six weeks; V2, visit 2 at six months; V3, visit 3 at 1 year; V4, visit 4 at 5 years.

Table 3. Revision surgery and postoperative limited knee !exion

TiN (n=51) CoCrMo (n=50) p-value

Revision surgery

Aseptic loosening tibial component [n] 2 2 n.s.

Time to revision [years; (SD)] 2.4 (1.0) 1.2 (0.09) n.s.

Layer spinout [n] 1 0 n.s.

Deep infection [n] 0 1 n.s.

Patellar resurfacing [n] 0 1 n.s.

Limited knee !exion 

Required CPM [n] 8 6 n.s.

Required MUA [n] 4 3 n.s.

Time to MUA [days; (SD)] 218 (75.7) 162 (61.6) n.s.

Tuberosity proximalization [n] 2 0 n.s.

TiN, titanium-nitride coated total knee prosthesis; CoCrMo, cobalt-chromium-molybdenum total knee 
prosthesis; CPM, continuous passive motion; MUA, manipulation under anesthesia.
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Discussion

In this study, no difference in postoperative pain, swelling and temperature of the knee, function, 

range of motion or revision rate after TKA with a TiN coated CoCrMo TKP compared with a 

CoCrMo TKP was found, suggesting that TiN coating of CoCrMo TKP has no in!uence on 

postoperative pain after TKA. 

TiN coating of CoCrMo TKA might protect the knee for the release of Co and Cr ions. In 

vitro studies suggest Co and Cr ions might induce an in!ammatory response. In!ammation of the 

knee presents with swelling, and increased temperature of the knee [9, 16]. Knee circumference 

in centimeters measured at the mid-joint line is suggested to be a valid parameter for swelling of 

the knee due to in!ammation [16]. For temperature of the knee, thermistor thermometry showed 

signi"cant difference in temperature between in!amed and normal knees [35]. A comparing 

study of thermistor thermometry and infrared dermal thermometry showed equal performance 

[6]. It is likely that knee skin temperature measured by infrared dermal thermometry is a valid 

parameter for the temperature of the knee. Postoperative knee skin temperature was comparable 

with "ndings in other studies [14, 25]. However, the suggested change over time in knee skin 

temperature after total knee arthroplasty was not signi"cant. This is probably due to a degree 

in variance in knee skin temperature between patients. A larger number of patients is probably 

necessary to correct for this variance and to be conclusive on the in!uence of TiN coating on knee 

skin temperature. Nonetheless, there was no difference between the intervention and the control 

group in knee circumference and probably no difference in knee skin temperature. This suggests 

that TiN coating of CoCrMo TKP has no in!uence on postoperative in!ammation of the knee 

after TKA.  

The original KSS [19] was used to be able to compare our results to the available literature on 

the LCS which was introduced in 1977 [33]. The KSS was comparable with the results of other 

studies [7, 18]. Hartford et al. found rather low scores for the KSSK (76, range 18-95) and KSSF 

(55, range 15-100) after uncemented mobile bearing TKA [15]. This could be explained by the 

possible difference in demographics between these studies [5]. 

A difference in knee !exion was found between both groups. Multivariate analysis for 

covariates showed that age and BMI at baseline in!uenced knee !exion, but TiN coating did 

not in!uence knee !exion. Because the BMI at baseline was higher in the control group, this is 

probably the reason for difference in knee !exion between both groups. Further, postoperative 

knee !exion in both groups was similar with "ndings of other studies [18, 32].

Limited !exion of less than 90 degrees at six weeks postoperative which required MUA 

was found in approximately 7% of patients. MUA at 6-7 months had a positive effect on the 

postoperative knee !exion at one year. Although the prevalence of MUA was rather high, it 

concurs with the reported prevalence of 1.3-12% [28]. In our study however, MUA was performed 

six to seven months postoperative which is in contrast to six weeks postoperative as used in 
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another study [20]. Despite a less aggressive approach, similar improvement of knee �exion was 

obtained [31].

TiN coating was suggested to have a positive effect on bone cell proliferation compared with 

CoCrMo in vitro [38]. This might have a positive effect on the osseointegration of the tibia and 

femur components of the TKP. However, there was no difference in revision rate in both groups. 

A high rate (4%) of early revision of the tibial base plate due to aseptic loosening in both groups 

was found. This concurs with revision rates for our standard TKP as reported in literature [2, 

15, 32]. Nonetheless, this is a higher revision rate as compared with cemented TKP [2]. Time to 

revision in 3 out of 4 patients was 1.09-1.36 years. Revision was performed for persisting pain 

more than one year after surgery which was diagnosed as aseptic loosing or !brous ingrowth of 

the tibial base plate when other plausible causes for pain were excluded. Early revision for !brous 

ingrowth was found to be approximately 2.3 years [10]. Furthermore, the percentage of patients 

with increased pain one year after TKA decreases in the following !ve years [3]. In this study, 

revision rates could have been lower if a wait and see approach was employed. 

A major complication, dislocation of the rotating platform or insert spinout, occurred in 

one patient in the intervention group. A report on 10 dislocated rotating platforms after mobile 

bearing TKA in 2485 patients illustrates that this is a potential but rare complication of mobile 

bearing RP TKA [36].  

There are several limitations to this study. First, randomization did not result in equal 

groups on account of BMI and knee circumference, and there were minimal differences in sex 

and previous contralateral TKA. Results were adjusted for these covariates using GLM procedure 

for repeated measures. Second, it would have been interesting to determine plasma metal ion 

concentrations of cobalt and chromium in patients of both groups. Chromium and cobalt ion 

plasma concentrations are greater in patients with a TKA than in patients without an implant 

after !ve to seven years [22]. A zirconium-nitride coated CoCrMo TKP did not in�uence the 

plasma metal ion concentration one year postoperative compared with an uncoated CoCrMo TKP 

[23]. This might suggest an increase in chromium and cobalt ion release over time. It is unknown 

whether coating of CoCrMo TKP in�uences plasma metal ion concentration after !ve years. 

Third, ideally a TiN coated version of the LCS was used in this study, but this was not available in 

our hospital for logistic reasons. The introduction of new designs and accompanying instruments 

might result in suboptimal clinical results due to a surgeon’s learning curve or due to design 

changes [27, 29]. The use of the CCI prosthesis, instead of the TiN coated version of the LCS, did 

not result in suboptimal clinical results compared with the uncoated LCS.
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Conclusion

In a double blind prospective randomized controlled clinical trial, the preclinical advantages of 

TiN coating of CoCrMo do not result in less postoperative synovitis, improvement in clinical 

outcome or revision rate. Therefore, TiN coating of CoCrMo TKP has no clinical bene!t on 

the outcome of cementless mobile bearing TKA. Nonetheless, the results of TiN coated mobile 

bearing RP TKP concur with results as presented in the literature on mobile bearing RP TKA, 

and therefore the TiN coated mobile bearing RP TKP is not inferior to the uncoated CoCrMo 

RP TKP. 
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