Cementing the Tibial Component in Total Knee Arthroplasty : Which Technique is the Best?
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Abstract

Aseptic loosening of the tibial component remains a major cause of failure in total knee arthroplasty and may be related, directly or indirectly, to micromotion. Therefore, good fixation of the tibial component is a prerequisite to achieve long-term success of the implant. Cementing technique is one of the factors that play a role in this respect. We investigated the effect of different cementing techniques on the cement penetration in the proximal tibia. We compared 5 different cementing techniques in an anatomical open pore sawbone model (n = 25), using a contemporary total knee arthroplasty design and standard polymethylmetacrylate cement. We demonstrated that applying cement to both the undersurface of the tibial baseplate and as well as onto the tibial bone, either by a spatula or fingerpacking technique, leads to an optimal cement penetration of 3 to 5 mm. When cement is applied only onto the tibial component, penetration is insufficient. When a cement gun is used, cement penetration is too excessive.
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Introduction

Total knee arthroplasty (TKA) remains the gold standard treatment for the end-stage degenerative joint disease of the knee, with numerous long-term follow-up studies showing an excellent survivorship of 90% to 95% at 15 years 1 and 2. Nevertheless, aseptic loosening of the tibial component remains a major cause of failure. Micromotion at the implant-cement or cement-bone interface can add to the generation of wear particles, which is believed to be the main reason for this process [3]. Moreover, the evolution to extend the indications for TKA toward younger and more active patients and the development of so-called high performance TKA designs may increase the tensile and shear forces on the components and thus the risk for micromotion and, ultimately, loosening. Achieving a good initial fixation of the baseplate to the underlying bone is therefore of paramount interest for the long-term performance of a TKA.

Previous studies have shown that better cement penetration increases the tensile and shear strength of the cement-bone interface [4]. An in vitro study measuring the micromotion of the tibial tray in different configurations showed that significant micromotion occurred with a cementless stem and a 1-mm cement mantle under the tibial tray. However, if the cement mantle beneath the tibial baseplate was increased to 3 mm, excellent stability of the implant was seen regardless of whether the tibial stem was cemented or not [5]. This could be explained by the observation of Walker et al [6], that 2 to 3 mm of cement penetration is required to engage at least 1 level of transverse trabeculae and sufficient bends in the vertical channels. Considering the fact that thermal injury is likely to occur with a cement penetration of more than 5 mm [7], a penetration depth between 3 and 5 mm seems to be ideal.

A recent study by Lutz et al [8], conducted to determine the current trends in cementing for TKA, showed that although more than 91% of surgeons regularly cement the tibial plateau, cementing techniques vary. Cement was applied by hand with and without fingerpacking by a spatula or with a cement gun and is applied to the prosthesis, to the bone, or to both surfaces. Although cementing technique is very important for the fixation of the tibial component, and thus the long-term outcome of TKA, these different techniques have never been compared in a standardized in vitro study.

In this research project, we therefore compared five commonly used cementing techniques in an anatomical open pore sawbone model, using a contemporary TKA design and standard polymethylmetacrylate cement, to investigate the effect on overall cement penetration.

Material and Methods

The study was performed using a specifically developed open pore composite sawbone model (item 1117-130, Sawbones, Malmo, Sweden), mimicking the open cell structure of the proximal tibial cancellous bone. Twenty-five bone models were used for the tests, each identical in size and composition. The models consisted of an anatomic replica of the proximal tibia composed of a fiber filled epoxy cortex injected around an open pore polyurethane foam. This model has been validated previously with respect to the structural properties 9 and 10. The cancellous cell structure was identical in all models (cell size 1.5 to 2.5 mm, porosity >95%).

The sawbones (n = 25) were prepared for a size 5 tibial component of the Genesis II PS knee prosthesis (Smith & Nephew, Memphis, TN) with the standard cutting block size 5.

The polymethylmethacrylate (PMMA) bone cement (Surgical Simplex P, Stryker Howmedica Osteonics Corp, Rutherford, NJ) was stored and prepared in a controlled environment of 20°C and 70% relative humidity. The cement was manually mixed without the use of a vacuum mixing device following the instructions of the manufacturer and was applied after 4 minutes in a doughy state. Immediately before cement application, Vaseline was applied on the lower surface of the baseplate to facilitate component removal for the analyses.

Each component was placed onto the tibia and impacted 12 times until it was seated fully on the tibial surface. All impactions were performed by the same investigator, and a previous study showed it is possible to carry out a series of impactions very reproducibly [11].

Five cementing techniques were investigated, each in five sawbones (Fig. 1):

1. In the first technique, 10 g of cement was applied in a thin layer on the lower surface of the tibial component. The component was then placed and impacted onto the tibia using the specific component impactor supplied by the manufacturer.

2. In the second technique, 20 g of cement was applied in a thick layer on the lower surface of the tibial component.

3. In the third technique, 20 g of cement was applied in equal parts, on both the tibial component and the tibial bone using a spatula.

4. In the fourth technique, 20 g of cement was applied in equal parts on both the tibial component and the tibial bone, but it was fingerpacked into the bone.

5. In the fifth technique, 20 g of cement was applied to the tibial bone with the use of a cement gun.
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Fig. 1. The five different cementation techniques.

During the cement-setting phase, a constant force of 50 N along the long axis of the tibia was applied by a weight for 15 minutes. In all cases, the excess of cement was removed using a curette and weighed. After total polymerization of the cement—at 20 minutes—the component was removed by a gentle tap.

The specimens were then cut in the medial and lateral oblique sagittal plane (Fig. 2) using a band saw. For this purpose, the model was fixed into a specifically manufactured clamp to hold the tibia in the correct orientation and position during cutting in an effort to maximize reproducibility. A slow cutting speed was used to prevent damage to the surfaces. The cut surfaces were subsequently cleaned with pressured air and grinded with sandpaper (grit 800) to remove debris.
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Fig. 2. Medial and lateral oblique sagittal cuts through the sawbone.

Digital high-resolution (600 dpi) pictures were taken of all sections together with a measuring scale using a Nikon D200 camera with a 105 mm, 1:2.8 G objective (Fig. 3). The images were imported in CorelDRAW 9, and the cement that was present at the outer surface of the bone was excluded from the analysis (since it should not be considered as having penetrated into the cancellous structure).
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Fig. 3. Example of a section with the measuring scale.

Finally, all composite pictures were imported in Corel PHOTO-PAINT 9 to quantify cement penetration. This was done for the medial and lateral oblique sagittal cut. The cement layer in each of these zones was identified manually using the Magic Wand tool. This tool automatically defines irregularly shaped selections that include all adjacent pixels that are similar in color (defined by their hue) to the selected pixel. The hue tolerance was chosen to be 10. The predefined region was evaluated by the operator, and if necessary, extra regions were added or removed to fit the cement layer as closely as possible. The number of the pixels in the final selection was used to calculate the area of the cement layer in the investigated zone, and the average penetration depth was calculated from this area by dividing it by the length of the cut for that zone.

Statistical analysis was performed making a balanced analysis of variance with 5 levels (the 5 cementing techniques) each with numerosity of 10 (the 5 lateral and the 5 medial penetration depths that we measured for each technique). To see which cementing technique is statistically different from the others, we made a comparison using a Bonferroni analysis with the Dunn test correction.

The reproducibility of this methodology was previously documented by Vaninbroukx et al [12] and showed it was possible to evaluate penetration depth with the described procedure with an average interoperator precision of better than 0.5 mm.

Results

The mean penetration depth and standard deviation for each cementing technique are shown in Fig. 4.
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Fig. 4. The average penetration depth of the cement with standard deviation for each cementing technique.

Techniques 1 (thin layer of cement on the tibial implant only) and 2 (thick layer of cement on the tibial implant only) were not significantly different from each other in terms of penetration depth but were both significantly different from the other techniques (P << .001). The same was seen for technique 3 (2 equal parts of cement on both the tibial component and the tibial bone using a spatula) and 4 (2 equal parts of cement on both the tibial component and the tibial bone, using the fingerpacking technique). The penetration depth was highest for technique 5 (using a cement gun), which was significantly different from all the other techniques (P << .001).

Fig. 5 shows the weight of the cement that penetrated the tibial sawbone for each technique. Fig. 6 shows the correlation between this weight and the penetration depth. The calculated Pearson correlation coefficient R2 was 0.73 (P < .001), which indicates a high correlation between both measurements.
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Fig. 5. Weight of cement that penetrated the tibial sawbone.

[image: image6.jpg]‘Cemest depth [mm)

e

R
Walght of i coment ayet (B

0

DO




Fig. 6. Correlation between calculated weight of cement and the mean penetration depth.

Discussion

Aseptic loosening of the tibial component remains a major cause of failure in TKA and may be related, directly or indirectly, to micromotion. Therefore, good fixation of the tibial component is a prerequisite to achieve long-term success of the implant. Cementing technique is one of the factors that play a role in this respect.

Several authors have investigated a wide range of methods to increase penetration depth of the cement and quality of the cement layer in the tibia during TKA, such as the lift leg technique [6], negative pressure intrusion [13], pulsed lavage [14], impactor devices [15], and a peripheral lip at the tibial baseplate undersurface [16]. However, in none of these reports, the factors that could influence the cement penetration depth, for example, blood pressure, the applied pressure after impaction, or the specific surgical variables that may exist between different surgeons, were eliminated. This is the first in vitro study comparing 5 frequently used cementing techniques under standardized conditions.

We investigated the effect of cementing technique on the cement penetration in the proximal tibia using identical open pore sawbones, reproducible impactions, a standardized axial compression force of 50 N, and a controlled interval between mixing of the cement and its application. As such, we eliminated the variables that could influence the results of our measurements. An artificial sawbone model was used for the sake of reproducibility because penetration is known to be proportional to the bone pore diameter and to the square root of the applied pressure and inversely proportional to the time after initial mixing [6]. The absence of blood and fat eliminated factors such as excessive blood pressure and different possible methods of preparation and cleaning of the cut surface, which have been shown to influence the tensile and shear strengths of the cement-bone interface 17 and 18.

Previous studies have documented the accuracy of such a model in mimicking the structural properties of the natural situation, with significantly lower variability in testing compared to cadaveric specimens 9 and 10.

We could demonstrate that significant differences in cement penetration exist when different cementation techniques are used. Techniques 1 and 2, in which a thin or thick layer of cement is applied only to the undersurface of the tibial component, resulted in a penetration depth of 2.2 and 2.6 mm, respectively. Knowing that a depth of at least 2 to 3 mm is required to engage at least one level of transverse trabeculae and sufficient bends in the vertical channels [6], this technique could increase the risk for micromotion and implant instability, unless the tibial stem is cemented [5]. Techniques 3 and 4 showed a significantly higher penetration depth of 3.7 and 3.8 mm, respectively. The fifth technique, using a cement gun, was shown to achieve statistically deeper penetration than all the other techniques, with a mean penetration depth of 5.6 mm. However, previous work has shown that a penetration depth of greater than 5 mm increases the risk for thermal damage [7].

This was confirmed in a recent report by Lutz et al [19], who compared techniques 2 and 5, applying a thick layer of cement on the undersurface of the tibial component (technique 2), with the use of a cement gun (technique 5), in an in vivo situation. Using a radiographic review, they calculated the mean depth of cement penetration in 2 groups of 25 and 28 patients after TKA. The results of this study correspond with our results with a penetration depth of 2.4 mm when applying the cement on the undersurface of the tibial component and 4.9 mm when using the cement gun. This indicates that our in vitro model is a realistic representation of the in vivo situation.

A previous study by Huiskes et al [7] has shown that a penetration depth of greater than 5 mm increases the risk for thermal damage. Based upon our work, it therefore seems advisable to apply cement on both the tibial bone and tibial component undersurface, either by a spatula or fingerpacking technique, before impacting the component onto the tibia. Applying cement on the tibial component only leads to insufficient penetration depth according to our data. The use of a double amount or a thicker layer of cement only on the tibial component is of little effect resulting in only a very small and insignificant increase of the mean cement penetration depth.

In our study, we noted a high correlation (Pearson correlation coefficient R2 = 0.73) between the weight of the cement that penetrates the tibia and the mean penetration depth. Measuring the total weight of unused, removed cement could therefore be an interesting and relatively simple clinical tool to estimate the amount of cement that effectively penetrated into the proximal tibia and thus the mean cement penetration.

As conclusion to our study, we state that applying cement to both the undersurface of the tibial baseplate and as well as onto the tibial bone, either by a spatula or fingerpacking technique, leads to an optimal cement penetration of 3 to 5 mm. When cement is applied only onto the tibial component, penetration is insufficient. When a cement gun is used, cement penetration is too excessive.
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