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Abstract

Background

Total knee arthroplasty (TKA) following high tibial osteotomy (HTO) is technically more demanding than TKA in a native knee. Studies have reported increased intra and postoperative complication of TKA with previous HTO. The aim of this study was to compare the survival and complication rates and functional outcomes of uncemented TKA with previous HTO to primary TKA at our institution over a decade.

Methods

This case control study included 41 uncemented TKA after HTO between 2002 and 2012. For each case, two control patients were matched based on age and gender without previous HTO.

The two groups were comparable for BMI, as well as preoperative functional scores.

Results

The mean follow-up was 7.8 years ± 2.4 [5;13.6]. At last follow-up, there was no significant difference in functional outcomes or radiological imaging, particularly the rate of radiological loosening. There was no significant difference of complications 9 (22%) in the group of TKA after HTO versus the control group 14 (17%). One revision was performed in the group of TKA after HTO for septic loosening, and no revisions in the control group. The survival rate at a mean follow-up of 8 years was 97.6% in the group TKA after HTO versus 100% in the control group.

Conclusion

Uncemented TKA following HTO have no significant difference in functional and radiological outcomes and survivorship compared to uncemented primary TKA at midterm follow up.

Keywords: Total knee arthroplasty; uncemented; high tibial osteotomy; survival rate; complications.

INTRODUCTION

High tibial osteotomy (HTO) is an important surgical option for medial knee osteoarthritis in young active patients with a varus deformity. It is, however, well recognized that a significant proportion of patients who undergo HTO will require early total knee arthroplasty (TKA) (24% at 10 years) [START_REF] Aglietti | High tibial valgus osteotomy for medial gonarthrosis: a 10-to 21-year study[END_REF][START_REF] Virolainen | High tibial osteotomy for the treatment of osteoarthritis of the knee: a review of the literature and a meta-analysis of follow-up studies[END_REF]. These patients as a result often are young and active with high outcome expectations.

Potential long-term benefits of implants with bone integration continues to drive interest in uncemented implants, particularly for young patients. Excellent long-term results have been reported with uncemented implants in recent years [START_REF] Bercovy | A prospective clinical and radiological study comparing hydroxyapatite-coated with cemented tibial components in total knee replacement[END_REF][START_REF] Bouras | Good long-term results following cementless TKA with a titanium plasma coating[END_REF][START_REF] Kim | Cementless and cemented total knee arthroplasty in patients younger than fifty five years. Which is better?[END_REF]. However, these implants are usually used for simple cases with good bone quality. And there are more surgical technical considerations in TKA conversion following a HTO than without previous surgery [START_REF] Ehlinger | Total knee arthroplasty after opening-versus closing-wedge high tibial osteotomy. A 135-case series with minimum 5-year follow-up[END_REF][START_REF] El-Galaly | Prior High Tibial Osteotomy Does Not Affect the Survival of Total Knee Arthroplasties: Results From the Danish Knee Arthroplasty Registry[END_REF][START_REF] Seo | Survival of total knee arthroplasty after high tibial osteotomy versus primary total knee arthroplasty: A meta-analysis[END_REF][START_REF] Niinimaki | Total knee arthroplasty after high tibial osteotomy: a registry-based case-control study of 1,036 knees[END_REF].

The challenges of TKA after HTO during surgery vary in complexity and are a combination of exposure, ligament balancing, limb malalignment, altered joint line and bone stock loss from the HTO procedure. Other complications can present post operatively in both the short and long term, particularly stiffness, infection, subsidence and prosthetic loosening [START_REF] Ehlinger | Total knee arthroplasty after opening-versus closing-wedge high tibial osteotomy. A 135-case series with minimum 5-year follow-up[END_REF][START_REF] El-Galaly | Prior High Tibial Osteotomy Does Not Affect the Survival of Total Knee Arthroplasties: Results From the Danish Knee Arthroplasty Registry[END_REF]. In particular, closing wedge HTO creates difficulty with knee exposure and soft tissue releases during TKA [START_REF] Han | Total knee arthroplasty after failed high tibial osteotomy: a systematic review of open versus closed wedge osteotomy[END_REF][START_REF] Filho | Total knee arthroplasty after high tibial osteotomy: a comparison of opening and closing wedge osteotomy[END_REF]. Another challenge with a lateral closing wedge HTO is the callus formed within the tibial metaphysis when cutting and broaching. In uncemented TKA it is important to avoid impingement of the intramedullary stem of the tibial component on the lateral tibial cortex. It remains controversial if a HTO has a deleterious effect on the outcome of a subsequent TKA, and particularly in relation to an uncemented TKA. Several studies have compared the results of TKA with or without a previous HTO. Some have reported a lower survivorship at long term follow up of cemented TKA after HTO compared than primary TKA [START_REF] El-Galaly | Prior High Tibial Osteotomy Does Not Affect the Survival of Total Knee Arthroplasties: Results From the Danish Knee Arthroplasty Registry[END_REF][START_REF] Seo | Survival of total knee arthroplasty after high tibial osteotomy versus primary total knee arthroplasty: A meta-analysis[END_REF]. All studies on TKA with previous HTO have used cemented tibial implants with or without an extended intramedullary stem. No study has assessed the outcomes of an uncemented TKA.

The aim of this study is to compare the survival rate at mid-term of an uncemented TKA with previous HTO versus without. The functional results and post-operative complications in each of these two populations were analyzed and compared, with particular attention paid to signs of tibial loosening. We hypothesized that there would be no clinical or radiological differences between the two groups and that survival rates would be similar.

MATERIAL AND METHODS

Patients

This case control study included all patients undergoing TKA after tibial osteotomy at our institution between 2002 and 2012 (41 patients). The inclusion criteria were primary TKA for osteoarthritis with a previous high tibial valgisation osteotomy (HTO) on the operated knee. Exclusion criteria were associated surgical procedures, including anterior tibial tubercle osteotomy and revision of tibial osteotomy; or previous femoral osteotomy.

For each case, two control patients were matched based on age (18-month deviation) and gender. All control patients had a primary uncemented TKA, without an associated surgical procedure or previous femoral osteotomy. Indications for TKA were osteoarthritis in both groups.

The demographic data is described in the Table 1. The two groups were comparable for age, gender, body mass index (BMI), preoperative functional scores (KSS score), preoperative alignment, as well as the rate of extended tibial stems. In the Case group, the mean preoperative alignment was 180.2° ±5. 4 [168;191], and there were 7 (17.1%) patients with severe overcorrection (> 185°).

Surgical technique

All TKA were the same implant (Score -Amplitude, Valence, FRANCE) and performed by the two surgeons with the same surgical technique during this 10-year period.

The surgical technique used a posterior reference for the femoral preparation. The tibial cut was made with an extra-medullary guide. The objective of limb alignment was to achieve mechanical alignment. All implants were uncemented. The TKA (Score -Amplitude, Valence, FRANCE) was posterior stabilized with a fixed bearing polyethylene. A cylindershaped keel and delta wing stabilize the baseplate in the tibia. This standard keel measures 15mm of width and 35mm of length. The intramedullary stem options were between 75 and 200 mm. The majority of patients in both groups did not require an extension stem (Table 1).

The prosthesis created a press-fit effect with a dual coating of plasma-sprayed titanium (80µm) and hydroxyapatite (80µm). In the group of TKA after HTO, eight patients (19.5%) had a patellar resurfacing, versus 35 patients in the control group (42.7%) (p=0.005). Patellar resurfacing indications were: patellofemoral osteoarthritis stage III or IV on IWANO classification [START_REF] Iwano | Roentgenographic and clinical findings of patellofemoral osteoarthrosis. With special reference to its relationship to femorotibial osteoarthrosis and etiologic factors[END_REF], anterior knee pain, global pain, synovial disease and rheumatoid arthritis.

Assessed data

All data including the operative reports as well as pre-and post-operative clinical and radiographic data were prospectively collected in a computer database. Patients were followed clinically and radiographically at 2 months, 1 year, and every 2 years after surgery. Clinical follow-up was performed using the Knee Society Score (KSS) questionnaire to calculate the corresponding KSS score at each follow-up visit [START_REF] Lingard | Validity and responsiveness of the Knee Society Clinical Rating System in comparison with the SF-36 and WOMAC[END_REF]. The Knee Society radiographic evaluation consisted of an anteroposterior and lateral view of the operated knee, a skyline view of the patella at 45° of knee flexion, as well as a standing bilateral hip to ankle radiograph to assess mechanical axis [START_REF] Ewald | The Knee Society total knee arthroplasty roentgenographic evaluation and scoring system[END_REF].

Coronal alignment was determined radiographically at each pre-and post-operative visit using a standing hip to ankle X-Ray to measure the mFTA (mechanical FemoroTibial Angle) as well as the mechanical Tibial Angle (mTA) and the mechanical Femoral Angle (mFA). Radiological loosening was defined as a progressive radiolucent line greater than 2mm. All local and systemic complications resulting from the surgery were documented and recorded in the database according to the standardized list and definitions of the Knee Society [START_REF] Healy | Complications of total knee arthroplasty: standardized list and definitions of the Knee Society[END_REF].

Ethical approval

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

Patients were managed, operated and reviewed routinely as all TKA in our institution.

Approval to collect the data both retrospectively and prospectively for the study was granted by The Advisory Committee on Research Information Processing in the Field of Health (CCTIRS) approved this study on June 4, 2015 under number 135-5265.

Statistical analysis.

For statistical analysis XLs-stat software (2015; Addinsoft) was used. The continuous variables were averaged and reported with standard deviation and interval. A Mann-Whitney nonparametric test was performed to assess the evolution of the KSS. Statistical analysis was performed using Student t-test or Wilcoxon nonparametric test. The categorical variables were compared using a Fisher exact test. The multinomial logistic regression model to investigate the relationship between functional outcomes or complications and patient risk factors included osteotomy type (lateral closing wedge or medial opening wedge osteotomy), range of motion, and extended stem. A p value <0.05 was considered statistically significant in each analysis. The survival rates were calculated using the Kaplan-Meier method with a 95% confidence interval based on the following end points: implant removal and/or symptomatic and progressive radiologic loosening.

RESULTS

Functional and radiological results

The mean follow-up was 7.8 years ± 2.4 [5;13.6] for the group of TKA after HTO, and 7.3 years ±2.4 [5;14] for the control group (p=0.28).

At the last follow-up, there was no significant difference in global KSS, Knee KSS or functional KSS scores between both groups. The range of motion was also similar between both groups.

The femorotibial alignment postoperatively was not significantly different between both groups. There was no radiological loosening in the group of TKA after HTO (Fig. 1). In the control group, one patient had a radiolucent line greater than 2 mm on the femoral and tibial implant. This radiolucent line was stable at 6 years of follow-up and the patient was not symptomatic. There was no implant migration in both groups. These results are reported in Table 2.

Complications

At the last follow-up, there were 9 complications (22%) in the group of TKA after HTO versus 14 complications (17%) in the control group (p=0.35). The detail of these complications is reported in table 3. There was no significant difference in the number or type of complications between both groups. Of note the rate of infection or loosening of the tibial implant were not significantly different.

Survival analysis

One of the TKA after HTO was revised, there was no revision of the control group. This revision was secondary to a septic loosening and occurred within one year of the TKA. The survival rate at a mean follow-up of 7.8 years was 97.6% (95% CI [92.8;100]) in the group TKA after HTO. The survival rate at a mean follow-up of 7.3 years was 100% in the control group.

Predictive factors

No predictive or risk factors were associated with functional outcomes or complications. In particular, osteotomy type (lateral closing wedge and medial opening wedge osteotomies), range of motion, or use of an extended stem were not predictive or risk factors.

DISCUSSION

Survival rate

This is the first study to report outcomes and survivorship of uncemented TKA after HTO. The important finding of this study is that there was no radiological loosening or mechanical failure, particularly of the tibial implant, after uncemented TKA post HTO at midterm follow-up. In our study, the survival rate was high in both groups (97.6% in TKA with previous HTO at 8 years). In the literature, several studies have assessed the outcomes of cemented TKA after HTO. The majority of studies described similar survival rate, complications and functional outcomes after cemented TKA with previous HTO compared than cemented TKA without HTO. Two reviews from joint registries reported similar survival for both groups: around 92% at 10 years and 88% at 15 years [START_REF] Niinimaki | Total knee arthroplasty after high tibial osteotomy: a registry-based case-control study of 1,036 knees[END_REF][START_REF] Badawy | The risk of revision in total knee arthroplasty is not affected by previous high tibial osteotomy[END_REF]. Meding et al. reported a survival rate of 97% for knees with a previous HTO at 15 years [START_REF] Meding | Does high tibial osteotomy affect the success or survival of a total knee replacement?[END_REF].

However, two authors reported a lower survival rate at long term after cemented TKA post HTO compared to primary TKA [START_REF] El-Galaly | Prior High Tibial Osteotomy Does Not Affect the Survival of Total Knee Arthroplasties: Results From the Danish Knee Arthroplasty Registry[END_REF][START_REF] Seo | Survival of total knee arthroplasty after high tibial osteotomy versus primary total knee arthroplasty: A meta-analysis[END_REF]. In the Danish Knee Arthroplasty Registry, El Galaly et al. reported an inferior survival at 10 years of follow-up of 91% compared to primary TKA (94%) [START_REF] El-Galaly | Prior High Tibial Osteotomy Does Not Affect the Survival of Total Knee Arthroplasties: Results From the Danish Knee Arthroplasty Registry[END_REF]. In a recent meta-analysis, Seo et al. reported that the primary TKA group (95.5%) had a significantly higher survival rate than TKA with previous HTO (93.6%) at long term [START_REF] Seo | Survival of total knee arthroplasty after high tibial osteotomy versus primary total knee arthroplasty: A meta-analysis[END_REF].

Tibial loosening

This study did not report a higher risk of tibial loosening or of radiolucent lines for uncemented TKA with previous HTO. Of the studies that reported a significant difference of survivorship between TKA with and without previous HTO, there was no significant difference of mechanical tibial failure or radiolucent line [START_REF] Chalmers | Total Knee Arthroplasty After High Tibial Osteotomy Results in Excellent Long-Term Survivorship and Clinical Outcomes[END_REF][START_REF] Ramappa | Total knee replacement following high tibial osteotomy versus total knee replacement without high tibial osteotomy: a systematic review and meta analysis[END_REF]. Few studies reported a high rate of tibial loosening after HTO [START_REF] Ehlinger | Total knee arthroplasty after opening-versus closing-wedge high tibial osteotomy. A 135-case series with minimum 5-year follow-up[END_REF][START_REF] El-Galaly | Prior High Tibial Osteotomy Does Not Affect the Survival of Total Knee Arthroplasties: Results From the Danish Knee Arthroplasty Registry[END_REF]. In literature some authors report a significant increase in radiolucent lines after the TKA with previous HTO [START_REF] Paredes-Carnero | Long-term results of total knee arthroplasty after failed high tibial osteotomy[END_REF][START_REF] Parvizi | Total knee arthroplasty following proximal tibial osteotomy: risk factors for failure[END_REF]. However, this difference was not significant and not associated with a high rate of tibial loosening [START_REF] Efe | TKA following high tibial osteotomy versus primary TKA--a matched pair analysis[END_REF]. This is the first study to report the results of TKA after HTO with an uncemented implants. The major concern with uncemented TKA procedures has been the reliability of the tibial component fixation and several previous comparative studies have demonstrated improved results with cemented tibial components in primary TKA [START_REF] Carlsson | Cemented tibial component fixation performs better than cementless fixation: a randomized radiostereometric study comparing porous-coated, hydroxyapatite-coated and cemented tibial components over 5 years[END_REF][START_REF] Van Hamersveld | Fixation and clinical outcome of uncemented peri-apatite-coated versus cemented total knee arthroplasty : five-year follow-up of a randomised controlled trial using radiostereometric analysis (RSA)[END_REF]. However, the results of this study are encouraging for the uncemented TKA with previous HTO.

Predictive factors

The type of HTO (closing-wedge or opening-wedge) has no impact on the TKA survivorship [START_REF] Ehlinger | Total knee arthroplasty after opening-versus closing-wedge high tibial osteotomy. A 135-case series with minimum 5-year follow-up[END_REF][START_REF] Chalmers | Total Knee Arthroplasty After High Tibial Osteotomy Results in Excellent Long-Term Survivorship and Clinical Outcomes[END_REF][START_REF] Preston | Total knee arthroplasty after high tibial osteotomy: no differences between medial and lateral osteotomy approaches[END_REF][START_REF] Bae | Comparison of mid-term results between conversion total knee arthroplasties following closed wedge high tibial osteotomy and primary total knee arthroplasties: A matched pair study including patellar symptom and position[END_REF]. In a systematic review, Han et al. reported that clinical and radiological outcomes including revision rates did not statistically differ between TKA with previous closing-wedge HTO and TKA with previous opening-wedge HTO [START_REF] Han | Total knee arthroplasty after failed high tibial osteotomy: a systematic review of open versus closed wedge osteotomy[END_REF]. But, there are more surgical technical concerns in TKA conversion from closing-wedge HTO than from the opening-wedge HTO group, particularly exposure difficulties and important releases [START_REF] Han | Total knee arthroplasty after failed high tibial osteotomy: a systematic review of open versus closed wedge osteotomy[END_REF][START_REF] Filho | Total knee arthroplasty after high tibial osteotomy: a comparison of opening and closing wedge osteotomy[END_REF]. Another challenge with a lateral closing wedge HTO is the callus formed within the tibial metaphysis when cutting and broaching. One of the advantages of TKA after opening wedge HTO is the preservation of proximal tibial anatomy [START_REF] Han | Total knee arthroplasty after failed high tibial osteotomy: a systematic review of open versus closed wedge osteotomy[END_REF].

The limb alignment created by the HTO can impact on the challenges to attain a balanced mechanically alignment TKA as well as influence outcomes and survivorship. In our study, the mean preoperative alignment was 180°, and 7 (17.1%) patients had severe overcorrection (> 185°). This study didn't assess this predictive risk factor of loosening from preoperative or postoperative alignment. Hernigou et al reported that previous HTO alignment did not jeopardize the longevity of the posterior-stabilized arthroplasty [START_REF] Hernigou | Outcome of total knee arthroplasty after high tibial osteotomy: does malalignment jeopardize the results when using a posterior-stabilized arthroplasty[END_REF]. If ligament balancing is not achieved with posterior-stabilized TKA, a more constrained TKA is required (e.g. high post or hinged prosthesis). Appropriate balance was achieved in all cases of this study and no conversion to an increased constraint TKA was required.

The use of extended stems was uncommon in our study, despite using an uncemented TKA. In literature, the use of extended tibial stems is controversial and can depend on a surgeon's preference rather than bone stock or quality and patient factors. An extended stem is not routinely required after HTO. And no study has demonstrated a superiority of extended stems for the TKA with previous HTO [START_REF] Ehlinger | Total knee arthroplasty after opening-versus closing-wedge high tibial osteotomy. A 135-case series with minimum 5-year follow-up[END_REF][START_REF] Scott | The role of the design of tibial components and stems in knee replacement[END_REF][START_REF] Saari | Comparison of cementing techniques of the tibial component in total knee replacement[END_REF].

Complications

This study did not find any significant difference for the complications rate between both groups. The most frequent complications described after TKA with previous HTO are: wound dehiscence, infection, stiffness [START_REF] Efe | TKA following high tibial osteotomy versus primary TKA--a matched pair analysis[END_REF]; without significant difference between closingwedge and opening-wedge HTO [START_REF] Ehlinger | Total knee arthroplasty after opening-versus closing-wedge high tibial osteotomy. A 135-case series with minimum 5-year follow-up[END_REF]. In the Danish Knee Arthroplasty Registry, instability (22.5% vs 17%) and wear (7.25% vs 4%), occurred more frequently in the former group with previous HTO repsectively [START_REF] El-Galaly | Prior High Tibial Osteotomy Does Not Affect the Survival of Total Knee Arthroplasties: Results From the Danish Knee Arthroplasty Registry[END_REF]. Parvizi et al reported greater presence of preoperative coronal instability in post-HTO knees, when mechanical alignment was achieved after implanting the TKA [START_REF] Parvizi | Total knee arthroplasty following proximal tibial osteotomy: risk factors for failure[END_REF].

Functional results

At the last follow-up, we did not find a significant difference of functional outcomes or range of motion between both groups. Several studies have reported similar results [START_REF] Seo | Survival of total knee arthroplasty after high tibial osteotomy versus primary total knee arthroplasty: A meta-analysis[END_REF][START_REF] Ramappa | Total knee replacement following high tibial osteotomy versus total knee replacement without high tibial osteotomy: a systematic review and meta analysis[END_REF][START_REF] Paredes-Carnero | Long-term results of total knee arthroplasty after failed high tibial osteotomy[END_REF]. Haslam et al. comparing 51 post-HTO cases with 51 cases with no HTO at 13-year follow-up. They reported lower ROM in the group with previous HTO (91° against 106°) [START_REF] Haslam | Total knee arthroplasty after failed high tibial osteotomy long-term follow-up of matched groups[END_REF]. Efe et al., in a comparative study about 41 TKA with previous HTO, described also better ROM (flexion and extension) for the TKA without previous HTO compared than TKA after HTO [START_REF] Efe | TKA following high tibial osteotomy versus primary TKA--a matched pair analysis[END_REF].

Limitations

There are several limitations to this study. Firstly, follow-up is at mid-term and will be important to review at long-term (greater than 10 years average minimum). However, our follow-up at an average of 7.8 years and minimum of 5 years is close to long term. As this is the first study of uncemented TKA after HTO it is important to accurately assess if the revision rate increases in the long term. A further limitation is the small population of patients with TKA after HTO as HTO is not frequently performed. Finally, the assessment of tibial loosening or displacement was by radiographs only and not CT scan. Radiographs are routine follow-up of TKA in our institution and increased radiation of a CT scan is not performed unless radiolucency is present.

CONCLUSION

There is no significant difference in functional or radiological outcomes and survivorship after an uncemented TKA with previous HTO compared to primary uncemented TKA at midterm follow up. Review of survivorship in particular prosthetic failure or loosening in the long term will be important as this is the first comparison study of uncemented TKA with previous HTO compared to primary uncemented TKA. Tables Table 1. Demographic characteristics for both groups before TKA: TKA with and without HTO. 
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Figure 1 :

 1 Figure 1: Radiographs of a TKA after HTO by medial opening wedge. 1a and 1b: preoperative radiographs. 1c and 1d: Radiographs (AP view and profile) at 11 years of follow-up, without implants loosening.

  

  

  

  

Table 2 .

 2 Post-operative functional and radiographic results for both groups: TKA with and without HTO.

	n=41	group	TKA group n=82	p-value

SD: Standard Deviation; Min: Minimum; Max: Maximum; n.s.: Non-significant ; TKA : Total knee arthroplasty ; HTO : High tibial osteotomy ; HKA angle: Hip Knee Ankle angle ; KSS: Knee society score.

.

Table 3 .

 3 Postoperative complications and revisions in both groups: TKA with and without HTO

		TKA-HTO group n=41	TKA group n=82	p-value
	COMPLICATIONS	9 (22%)	14 (17%)	0.35
	Unexplained Pains	1 (2.4%)	1 (1.2%)	0.5
	Femoral fracture	4 (9.8%)	1 (1.2%)	0.08
	Patellar complications	1 (2.4%)	5 (6.1%)	0.3
	Stiffness	2 (4.9%)	7 (8.5%)	0.34
	Deep Infection	1 (2.4%)	0	0.4
	Tibial loosening	0	0	1
	REVISION TKA	1 (2.4%)	0	0.4
	Infection	1 (2.4%)	0	0.4

n.s.: Non significant ; TKA : Total knee arthroplasty ; HTO : High tibial osteotomy.
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