
  
    
  
BioMed Research InternationalVolume 2014 (2014), Article ID 562919, 10 pageshttp://dx.doi.org/10.1155/2014/562919
Clinical Study
Accuracy of Patient Specific Cutting Blocks in Total Knee Arthroplasty
Naeder Helmy, Mai Lan Dao Trong, and Stefanie P. Kühnel
Abteilung für Orthopädie und Traumatologie des Bewegungsapparates, Bürgerspital Solothurn, Schöngrünstrasse 42, 4500 Solothurn, Switzerland
Received 1 March 2014; Revised 22 June 2014; Accepted 26 June 2014; Published  31 August 2014
Academic Editor: Padhraig O’Loughlin 
Copyright © 2014 Naeder Helmy et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Abstract. 
Background. Long-term survival of total knee arthroplasty (TKA) is mainly determined by optimal positioning of the components and prosthesis alignment. Implant positioning can be optimized by computer assisted surgery (CAS). Patient specific cutting blocks (PSCB) seem to have the potential to improve component alignment compared to the conventional technique and to be comparable to CAS. Methods. 113 knees were selected for PSI and included in this study. Pre- and postoperative mechanical axis, represented by the hip-knee-angle (HKA), the proximal tibial angle (PTA), the distal femoral angle (DFA), and the tibial slope (TS) were measured and the deviation from expected ideal values was calculated. Results. With a margin of error of ±3°, success rates were 81.4% for HKA, 92.0% for TPA, and 94.7% for DFA. With the margin of error for alignments extended to ±4°, we obtained a success rate of 92.9% for the HKA, 98.2% for the PTA, and 99.1% for the DFA. The TS showed postoperative results of 2.86 ± 2.02° (mean change 1.76 ± 2.85°). Conclusion. PSCBs for TKA seem to restore the overall leg alignment. Our data suggest that each individual component can be implanted accurately and the results are comparable to the ones in CAS.
 

1. Introduction
Since the introduction of knee replacement by Gluck in the 19th century using ivory implants [1], the total knee arthroplasty (TKA) became a reliable treatment for osteoarthritis of the knee. The goal of TKA is to reduce pain and to restore normal function and alignment. Patient satisfaction, complications, implant failure rates, and overall survival rates of primary TKA depend on different factors like medical condition of the patient, choice of implant, and surgical technique. Overall survival rates range from 75 to 90% after 15 years [2]; a satisfactory outcome was shown in 82% with an overall revision rate of 15% after a 10-year follow-up; a satisfactory outcome was shown in 82% with an overall revision rate of 15% after a 10-year follow-up [3, 4].
Multiple studies showed the mechanical alignment as one of the most important factors determining the long-term survival of the prosthesis [5–8]. Recent studies suggest that attaining neutrality in all three coronal alignment parameters is one of the most determining factors concerning patient satisfaction and implant survival. Attaining a mechanical axis and component alignment within a range of ±3° is thought to be associated with a better outcome [9]. Surgical technique and implants developed, different minimally invasive approaches were reported, and computer assisted surgery (CAS) was introduced and has shown to improve the alignment of the prosthesis significantly [10–12]. Potential downsides of CAS are an increased OR time, higher cost, and more surgical steps.
The aim of this study was to determine the accuracy of patient specific cutting blocks (PSCBs) for total knee arthroplasty, designed from a 3D data set. The acquired data is based on CT images of the hip, knee, and ankle and subsequently specific cutting guides are produced by rapid prototype technique for optimal component alignment. We hypothesize that the accuracy of patient specific cutting blocks (PSCBs) is comparable to the one achieved by computer assisted surgery.
2. Patients and Methods
We started implanting knee prosthesis with the PSCB technique at our institution in October 2009. Between October 2009 and November 2011, the first 113 patients underwent a primary TKA, using patient specific cutting blocks based on CT data.
Indications for surgery were advanced osteoarthritis, severe pain, and limited function/walking ability.
Excluded from the study were patients without proper preoperative radiographic documentation (
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) or with previous high tibial osteotomy (
	
		
			
				𝑛
				=
				1
			

		
	
) or intraoperative complications not related to the surgical method. One patient died due to a cerebral bleeding after a fall, not related to the surgery, and was lost to follow-up. In seven patients, bilateral surgery was performed at different time points.
Hence, the surgical and radiographic data of 106 patients and 113 knees were collected at a follow-up of three months.
Patients mean age was 69,8 years (range 49–86 years); 66% of the patients were female. We operated on 52 (46%) left knees and 61 (54%) right knees. In one knee, a lateral approach was used due to a severe valgus deformity [13] as it has been shown in literature that, in severe valgus deformities, alignment results are inferior if a standard medial approach is used [14]. In mixed groups (varus and valgus knees), no significant difference in postoperative alignment has been found between medial and lateral approaches [15]. In two cases, an osteotomy of the tibial tuberosity was necessary to expose the joint sufficiently.
In 73 patients surgery was performed by the first author (N. Helmy), a very experienced knee surgeon, in 22 cases by a middle experienced surgeon, and in 18 cases by a resident under supervision of the first author as a teaching operation.
For the measurement of operating time, two patients were excluded due to the necessity of an osteotomy of the tibial tuberosity because this causes a prolonged operating time that does not rely on the PSCB technique. Thus, operating time (time between skin cut and skin closure) was recorded in 111 operations.
From all patients, standardized long-leg standing radiographs and standard knee radiographs (anterior-posterior and lateral views) were obtained pre- and postoperatively.
Mechanical leg axis defined by the hip-knee-angle (HKA) and component alignment defined by the distal femoral angle (DFA) and the proximal tibial angle (PTA) were assessed in the coronal plane (Figure 1). Tibial slope (TS) was measured in the sagittal plane [16, 17] (Figure 2). All alignment parameters were recorded preoperatively and at the standard three-month follow-up.
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Figure 1: Schematic drawing of the alignment parameters. HKA was defined by the angle between the femoral head centre, the middle of the knee joint, and the middle of the ankle joint (a). DFA was defined by the angle between the femoral head centre, the middle of the knee joint, and a tangential line at the femoral condyles/femoral component in the coronal plane (b). PTA was defined as the angle between the middle of the ankle joint line and a tangential line at the tibial plateau/tibial component in the coronal plane (c).
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