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Promising short-term clinical results of the cementless Oxford phase III medial unicondylar knee prosthesis
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Abstract
AIM: To investigate the short-term clinical results of the Oxford phase III cementless medial unicondylar knee prosthesis (UKP) compared to the cemented medial UKP.

METHODS: We conducted a cross-sectional study in a tertairy orthopedic centre between the period of May 2010 and September 2012. We included 99 medial UKP in 97 patients and of these UKP, 53 were cemented and 46 were cementless. Clinical outcome was measured using a questionnaire, containing a visual analogue scale (VAS) for pain, Oxford Knee score, Kujala score and SF-12 score. Knee function was tested using the American Knee Society score. Complications, reoperations and revisions were recorded. Statistical significance was defined as a P-value < 0.05.

RESULTS: In a mean follow-up time of 19.5 mo, three cemented medial UKP were revised to a total knee prosthesis. Reasons for revision were malrotation of the tibial component, aseptic loosening of the tibial component and progression of osteoarthritis in the lateral- and patellofemoral compartment. In five patients a successful reoperation was performed, because of impingement or (sub)luxation of the polyethylene bearing. Patients with a reoperation were significant younger than patients in the primary group (56.7 vs 64.0, P = 0.01) and were more likely to be male (85.7% vs 38.8%, P = 0.015). Overall the cementless medial UKP seems to perform better, but the differences in clinical outcome are not significant; a VAS pain score of 7.4 vs 11.7 (P = 0.22), an Oxford Knee score of 43.3 vs 41.7 (P = 0.27) and a Kujala score of 79.6 vs 78.0 (P = 0.63). The American Knee Society scores were slightly better in the cementless group with 94.5 vs 90.2 (P = 0.055) for the objective score and 91.2 vs 87.8 (P = 0.25) for the subjective score.

CONCLUSION: The cementless Oxford phase III medial UKP shows good short-term clinical results, when used in a specialist clinic by an experienced surgeon.
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Core tip: The higher revision rate in unicondylar knee arthroplasty (UKP) compared to total knee arthroplasty is a concern. The cementless UKP eliminates one of the technical errors related to failure; the cementing technique. The cementless Oxford UKP also shows reduced radiolucent lines at one year follow-up, whereas the cemented UKP shows occurrence of radiolucent lines. The developing hospital has published encouraging results of the cementless Oxford phase III medial UKP. In our independent retrospective cohort study we observed three revisions of cemented UKP. There were five successful reoperations. The cementless UKP seems to perform better, but no significant difference could be found.
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INTRODUCTION
The unicondylar knee arthroplasty (UKP) is an established treatment for end-stage osteoarthritis (OA) of the knee and accounts for around 8%-10% of all primary knee replacements[1,2]. One of the successful implants used, is the cemented Oxford medial UKP. The phase III is a fully congruent mobile bearing prosthesis, which is implanted via a minimal invasive procedure with minimal bone-loss. Success of the medial UKP is still largely related to the indication for UKP and the experience of the surgeon and the surgical team. This is confirmed by the lower survival rates of UKP in national registers compared to the survival rates of UKP implanted by specialized surgeons who perform UKP surgery regularly[1,2]. 
The higher revision rates in unicondylar arthroplasty are a concern. The difference in revision rate between UKP and total knee prosthesis (TKP) is likely to be multi-factorial. A major issue seems to be the ease to choose for revision of a UKP compared to a revision of a TKP. With the introduction of the cementless Oxford UKP (2003) one of the technical errors related to failure, the cementing technique, can be eliminated. Also, the cementless Oxford medial UKP shows reduced radiolucent lines at one year follow-up, whereas the cemented Oxford medial UKP shows occurrence of radiolucent lines during follow-up[3]. The occurrence of radiolucent lines is thought to be a misleading factor for revision in patients with unexplained pain after cemented UKP. The developing hospital has published encouraging results of the cementless Oxford phase III UKP[3], as well as cementless UKP by other manufacturers[4-6]. 
Since May 2010 the cementless Oxford phase III medial UKP is frequently used in our clinic besides the cemented Oxford phase III medial UKP. In accordance with earlier published results, it is our experience that the cementless Oxford UKP performs as well as, or even better than the cemented Oxford UKP. With this retrospective study we want to compare the short-term clinical outcome of the cemented and the cementless Oxford phase III medial UKP performed in an independent center by one single surgeon.

MATERIALS AND METHODS 
Population
We conducted a cross-sectional study in an orthopedic center, specialized in prosthesiology and sports medicine. Between May 19, 2010 and September 01, 2011 a total of 106 medial UKP were implanted in 103 patients with primary medial osteoarthritis. For inclusion, patients had to meet the Oxford selection criteria for UKP and had to have a minimum follow-up of one year. Age, activity status and former high tibial osteotomy were not considered contra-indications. Exclusion criteria were patients who had surgery on their lower extremities less than six months ago, hybrid fixation, patients with insufficient comprehension of the Dutch language and patients living abroad. 
Of the 103 eligible patients, two patients were deceased at the time of follow-up and one patient refused participation. Four patients did not meet the inclusion criteria and were excluded from the study. Reasons for exclusion were; living abroad (two cemented UKP), surgery on the lower extremities less than six months ago and Multiple Sclerosis with progressive muscle weakness (cementless UKP). In total 99 UKP in 97 patients were included in the study. All study participants provided informed written consent prior to study enrollment.  All study participants agreed with anonymous data sharing.

Technique
The medial Oxford phase III cemented and the cementless UKP are similar in design, except for the cylindrical main peg and a smaller anterior peg added posterior to the main peg in the cementless femoral component. Additionally, the cementless UKP has a hydroxyapatite coating with a porous titanium undercoating to stimulate bone adhesion. 
All surgeries were performed by the senior author (MD), who performs more than 100 UKP per year. A short medial arthrotomy was used, followed by a thorough inspection of the knee to make the final decision. If the chondropathy was limited to the anteromedial tibia plateau, the lateral compartment had full thickness cartilage in the weight-bearing areas and the ligaments were intact, the knee was fit for an UKP. A tourniquet was used in all cases. The surgical technique was performed as described in the Oxford operative manual, but without intramedullary alignment of the femur component, as we believe this enlarges the risk of haemarthrosis.
Patients were told to start active knee flexion and extension as soon as possible. Post-operative pain management consisted of Acetaminophen, Diclofenac and an epidural patient controlled pain pump with Chirocaïn/Sufentanil in the first ± 24 h. Full weight-bearing with two elbow crutches was started the second post-operative day. Thrombosis prophylaxis consisted of Nadroparine and a compression stocking for a period of six weeks. Patients who did not reach full extension or had trouble reaching 90 degrees flexion at discharge started with physical therapy immediately. All other patient started physical therapy two weeks post-operative, to ensure adequate wound healing the first two weeks.

Clinical and radiological evaluation 
Except for patients who had a revision and patients who had a reoperation less than six months ago, all patients received a questionnaire consisting a visual analogue scale (VAS) for pain ranging from 0-100 (0 being no pain), the Oxford Knee score (OKS) scored from 48 to 0 with 48 being the best possible outcome[7], the Kujala anterior knee pain score scored from 100 to 0 with 100 being the best possible score[8] and the SF-12 health survey[9]. If questions were left blank we contacted patients by phone. For clinical outcome we used the American Knee Society score[10] (AKSS objective and subjective score both ranging from 0-100, with 100 being the best possible score) performed by the first author (KD) or by one of the co-authors. Range of motion and alignment were measured with the patient in supine position and with a goniometer measuring in 5 degree increments.
Revision was defined as a case in which the femoral or tibial component had to be removed and cases which were planned for revision. Cases in which nettoyage and polyethylene (PE) meniscal replacement took place or cases which were planned for this procedure are defined as reoperation. 
Conventional X-rays in anteroposterior and lateral view, taken pre-operative, the first day post-operative and one year post-operative were evaluated on osteoarthritis grade per compartment using the Ahlbäck score (scored from 1 to 5, focusing on narrowing/attrition) by the first author[11]. Progression of osteoarthritis of the lateral or patellofemoral compartment was defined as a change in Ahlbäck score between the X-rays taken the first day-post-operative and one year post-operative. 

Statistical analysis 
Data were analyzed using SPSS 17 (IBM, New York, United States). Statistical significance was defined as a P-value < 0.05. Scale variables were tested using the independent samples t-test. Pearson’s 2 test was used in case of nominal or ordinal variables.

RESULTS
Of the 99 medial UKP implanted, 53 (53.5%) were cemented UKP and 46 (46.5%) were cementless UKP. Patient characteristics are described in Table 1. The groups were well matched, except for a shorter follow-up time in the cementless group 18.3 mo vs 20.5 mo (P = 0.02). This difference was caused by the relatively low volume of cementless UKP implanted in the introduction period. 

Reoperations and revisions 
During a mean follow-up of 19.5 mo (range 12-33 mo, SD 4.3), seven patients were eligible for reoperation (7%) and three revisions tot TKP were performed (3%). An overview of reoperations and revisions is given in Table 2. The main reason for reoperation was bony or soft-tissue impingement in four cases (4.1%). In two cases (2.0%) subluxation of the meniscal bearing and in one case (1.0%) a 90 degrees rotation of the meniscal bearing occurred. Reoperations were treated with a minimal invasive medial arthrotomy, using the old incision. The impinging osteophytes were removed with a small osteotome, the presence of posterior osteophytes was checked with a curved osteotome and excessive fibrotic tissue was removed. In all cases a thicker PE meniscus was necessary to gain the appropriate balance. The clinical outcome of the reoperations, which were performed more than six months ago, were all good to excellent (Table 2). Statistically, patients with a reoperation were significant younger than patients in the primary group (56.7 vs 64.0, P = 0.01) and were more likely to be male (85.7% vs 38.8%, P = 0.015). There were no significant differences between the primary group and the redo group concerning body mass index (BMI), ASA classification, SF-12 scores and pre-operative or post-operative OA grade.
All three revisions (3.1%) to TKP were cemented Oxford UKP. Reasons for revision were malrotation of the tibial component, aseptic loosening of the tibial component (revision surgery was performed elsewhere) and progression of OA in the lateral- and patellofemoral compartment.  The time to revision was 16 wk, 20 wk and 27 wk post-implantation. There were no significant differences between the primary group and the revision group concerning age, gender, BMI, ASA classification, SF-12 scores and pre-operative or post-operative Ahlbäck score.

Functional outcome 
The revisions and reoperations excluded, 89 of the original UKP were still in situ and eligible for clinical assessment. Although no significant differences were found, the scores were slightly better in the cementless group, with a VAS pain score of 7.4 vs 11.7 (P = 0.22), an OKS of 43.3 vs 41.7 (P = 0.27) and a Kujala score of 79.6 vs 78.0 (P = 0.63) (Figure 1). 
Because of health issues three patients accounting for four medial UKP were not able to come to our clinic for clinical evaluation. One patient refused clinical evaluation because of personal reasons. All these patients had good to excellent OKS outcomes (48, 48, 48 and 38). Of the remaining 85 medial UKP, 44 UKP (51.2%) were cemented and 41 (48.8%) were cementless UKP. The AKSS scores were slightly better in the cementless group 94.5 vs 90.2 (P = 0.055) for the objective score and 91.2 vs 87.8 (P = 0.25) for the subjective score, both not significantly different (Figure 1). The SF-12 scores were not significantly different in the cementless group, with a mean Physical Component Summary (PCS) score of 49.5 vs 47.6 (P = 0.28) and Mental Component Summary (MCS) score of 55.3 vs 54.5 (P = 0.60).

Complications 
There were no cases of thrombosis or deep infection. No vascular or neurological complications occurred. No fractures were observed post-operatively in this cohort. One patient experienced a length difference of the operated leg after a total hip replacement, which resulted in an inappropriate gait pattern and led to pain in the knee in which the medial UKP was implanted (VAS score 76, OKS 9, Kujala 26).

DISCUSSION
With this cross-sectional study we wanted to compare the short-term clinical outcomes of the cemented and the cementless Oxford phase III medial UKP performed in an independent center by one single surgeon. We achieved a good to excellent short-term clinical outcome of both the cemented and the cementless Oxford UKP. Although not significant different, the cementless UKP showed better clinical results compared to the cemented UKP. These results support the good clinical results of the Oxford study group[12,13]. 
In three cases (sub)luxation of the PE bearing occurred. PE bearing exchange with a good clinical outcome was not considered as a revision, but was listed as a reoperation (Table 2). In four cases the patient experienced impingement of the PE bearing, because of bony- or soft tissue re-growth at the bone ridge cranial to the anterior side of the femur condyle. 
Patients requiring a reoperation were significantly younger and more frequently male. In earlier Oxford UKP survival studies gender has shown not to affect UKP survival. Whether age under 60 years old influences the survival rates is still a discussion. The Oxford group has shown in their studies no significant difference between survival in patients under and over 60 years old[13]. Worldwide registers and other independent studies however show higher revision rates in patients under 60 years old[14-16]. Patients aged under 60 in the reoperation group were relatively active patients, which we think might be part of the explanation for (sub)luxation. Impingement might be caused by too little bone resection cranial to the anterior side of the femur component or because of re-growth. We currently use the microplasty instrumentation and aim for a resection of approximately 10 mm caudal to the femur component, the problem of patients with signs of anterior impingement seems to be resolved.
Based on our results and experience, we believe that if there is an obvious reason for pain in a medial UKP, a reoperation can be successful and it prevents (early) revision surgery. This does require accurate patient selection, based on physical examination and radiologic reviewing by an experienced surgeon. 
There were no revisions in the cementless group. Of the cemented UKP, three had to be revised to a TKP, two of these revisions were performed in our clinic. Reasons for revision were malposition, aseptic loosening of the tibia component and progression of OA in the lateral and patellofemoral compartments. The time to revision varied between 16-27 mo. Two of the revisions were performed within the first two years after implantation. Generally, it is not recommended to revise a medial UKP to a TKP in the first two years after implantation, because of tibial stress and the bone remodeling that occurs. In this phase, medial pain is common and a bone scintigraphy will show false-positive results. Unless there is an obvious reason for failing, revision to a TKP in this phase can be unsatisfying[13]. 	
The revision rates of the cemented UKP lie in between the excellent results of the Oxford study group[13] and the Joint registry reports[17].
Surgical errors play a considerable role in UKP failure, as over-correction of an existing valgus deformity, overstuffing and cementing technique are frequently reported reasons for revision[17]. With the cementless UKA cementing errors are eliminated, such as uneven distribution of the cement, cement residue posterior and loose particles. It is also known that cemented medial UKP show physiological radiolucent lines at follow-up, a phenomenon that is less seen in the cementless medial UKP[3]. Physiological radiolucent lines after medial UKP can easily be mistaken for radiolucency due to aseptic loosening. These factors may contribute to lower revision rate in cementless medial UKP compared to cemented medial UKP[1]. 
The surgical technique for cementless and cemented Oxford medial UKP are very similar, but there are a few important factors to keep in mind. The cementless UKP needs an adequate initial fixation. Although not observed in this cohort, peri-prosthetic tibia plateau fractures can occur. This might be due to a deep posterior tibial cortical cut or due to hard hammering, both should be avoided.
The strength of this study is the specialized character of our clinic and the choice to only include patients operated by one single surgeon. The occurrence of surgical errors is related to the frequency of the operation performed and the experience of the surgeon and his staff[17]. Our clinic is specialized in sports-, arthroscopic- and prosthetic surgery. We perform approximately 200 UKP per year of which more than half are performed by the senior author (MD). By comparing the clinical outcome of the cemented and cementless UKP performed by a single surgeon, we eliminated a surgeon bias for indication as well as a bias in surgical technique. Limitations of this study are the cross-sectional design and the relatively short follow-up time. 
The cementless Oxford phase III medial UKP shows promising short-term clinical outcome when used in a specialized orthopedic center. Because of the promising results of the cementless Oxford phase III medial UKP, it is now the most used medial UKP in our clinic for eligible patients.  
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COMMENTS
Background
The unicondylar knee prosthesis (UKP) is an established treatment for end-stage osteoarthritis (OA) of the knee and accounts for around 8%-10% of all primary knee replacements. One of the successful implants used, is the cemented Oxford medial UKP phase III. This is a fully congruent mobile bearing prosthesis, which is implanted via a minimal invasive procedure with minimal bone-loss. The success of the medial UKP is still largely related to the indication for surgery and the experience of the surgeon and the surgical team. The higher revision rates in unicondylar arthroplasty are a concern. The difference in revision rate between a UKP and a total knee prosthesis (TKP) is likely to be multi-factorial. A major issue seems to be the ease of choosing for a revision of a UKP compared to a TKP. 

Research frontiers
The developing hospital has published encouraging results of the cementless Oxford phase III medial UKP, as well as cementless UKP by other manufacturers.

Innovations and breakthroughs
With the introduction of the cementless Oxford UKP (2003) one of the technical errors related to failure, the cementing technique can be eliminated. Also, the cementless Oxford medial UKP shows reduced radiolucent lines at one year follow-up, whereas the cemented Oxford medial UKP shows occurrence of radiolucent lines during follow-up. The occurrence of radiolucent lines is thought to be a misleading factor for revision in patients with unexplained pain after cemented UKP. In accordance with earlier published results, it is our experience that the cementless Oxford UKP performs as well as, or even better than the cemented Oxford UKP. 

Applications
With this retrospective study the authors want to compare the short-term clinical outcome of the cemented and the cementless Oxford phase III medial UKP performed in an independent center by one single surgeon.

Peer-review
This is a good article.
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Figure 1 Questionnaire and clinical outcome (mean score with 95%CI error bars).
	






Table  1 Patient characteristics
	 
	Cemented
n = 53
	Cementless
n = 46
	P-value

	Age (yr)
	64.6 ± 8.2
	62.2  ± 6.7 
	0.12 

	Sex
	 
	 
	0.471

	 Male
	21 (39.6%)
	21 (45.7%)
	 

	 Female
	32 (60.4%)
	25 (54.3%)
	 

	ASA
	 
	 
	0.497

	 1
	15 (28.3%)
	10 (21.7%)
	 

	 2
	30 (56.6%)
	31 (67.4%)
	 

	 3
	8 (15.1%)
	5 (10.9%)
	 

	BMI (kg/m2)
	27.7  ± 4.1
	29.0  ± 4.7
	0.17 

	Follow-up (mo)
	20.5  ± 3.9
	18.3  ± 4.5
	0.02 

	[bookmark: _GoBack]Ahlbäck grade medial joint space   
	0.442

	  0 (> 3 mm)
	0 (0%)
	1 (2.2%)
	 

	  1 (< 3 mm)
	41 (77.4%)
	33 (71.7%)
	 

	  2 (Obliteration)
	10 (18.9%)
	12 (26.1%)
	 

	  3 (Attrition < 5 mm)
	2 (3.8%)
	0 
	 

	Ahlbäck grade lateral joint space 
	0.129

	  0 (> 3 mm)
	53 (100%)
	45 (95.7%)
	 

	  1 (< 3 mm)
	0 
	2 (4.3%)
	 

	  2 (Obliteration)
	0 
	0 
	 

	  3 (Attrition < 5 mm)
	0 
	0 
	 

	Ahlbäck grade patellofemoral joint space 
	0.139

	  0 (> 3 mm)
	29 (54.7%)
	18 (39.1%)
	 

	  1 (< 3 mm)
	23 (43.4%)
	28 (60.9%)
	 

	  2 (Obliteration)
	1 (1.9%)
	0 
	 

	  3 (Attrition < 5 mm)
	0 
	0 
	 



 
 




 
Table  2 Reoperations, revisions and outcome
	Type
	Fixation
	Operation performed
	Indication
	Survival
(mo)
	Gender
	Age
(yr)
	ASA
	BMI
kg/m2
	OKS
	AKSS
O/S

	Revision
	C
	ACS PS
5/5/15 mm
	Malrotation tibial component
	16
	Male
	50
	1
	30.0
	-
	-

	Redo
	CL
	Nettoyage
PE 5 to 8
	Subluxation PE
	19
	Male
	50
	1
	30.0
	48
	100/100

	Revision
	C
	TKP elsewhere
	Aseptic loosening tibial component
	20
	Female
	78
	1
	27.2
	-
	-

	Redo
	C
	Nettoyage
PE 5 to 6
	PE luxation
90 degrees 
	21
	Male 
	60
	2
	32.8
	46
	100/100

	Redo
	CL
	Nettoyage
PE 5 to 7
	Impingement
	21
	Male 
	55
	3
	32.4
	37
	80/90

	Redo
	CL
	Nettoyage
PE 4 to 7
	Impingement
	21
	Male 
	64
	2
	31.7
	42
	90/100

	Redo
	C
	Nettoyage
PE 4 to 6
	Subluxation PE
	22
	Male 
	51
	2
	28.4
	48
	95/100

	Redo
	CL
	Planned
	Impingement
	23
	Male
	 55
	 2
	26.6 
	-
	-

	Redo
	CL
	Planned 
	Impingement 
	26
	Female 
	62
	 2
	25.8 
	-
	-

	Revision
	C
	ACS 
5/5/12,5 mm
	Progression of OA lateral/PF
	27
	Male
	51
	2
	36.3
	-
	-


BMI: Body mass index; OA: Osteoarthritis; C: Cemented; CL: Cementless; PE: Polyethylene meniscus; OKS: Oxford Knee score; AKSS O/S: American knee society score objective score/subjective score.
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