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Abstract

Purpose Computer navigation increases accuracy and

precision of component alignment in total knee arthro-

plasty (TKA) compared to the manual technique, but is

often associated with increases in surgical time. In a

previous cadaver study, we demonstrated a significant

improvement in guide positioning precision, final bone cut

precision, and procedure length when using adjustable

cutting blocks (ACB) compared to conventional cutting

blocks (CCB) in computer-navigated TKA. The aim of this

study was to evaluate the use of ACB in vivo.

Methods We radiographically compared component

alignment and mechanical leg alignment, as well as tour-

niquet time, in 94 patients who underwent TKA using

either ACB (N = 30) or CCB (N = 64).

Results Postoperative mechanical alignment variability

was significantly less in the ACB group (SD = 1.7�) than

in the CCB group (SD = 2.7�). Tourniquet time was sig-

nificantly reduced by 14.8 min in the ACB group compared

to the CCB. Differences in component alignment were not

significant.

Conclusion ACB for TKA significantly reduced postop-

erative mechanical alignment variability and tourniquet

time compared to conventional navigated instrumentation,

while providing equal or better component alignment.

Level of evidence III.

Keywords Adjustable cutting blocks � Total knee

arthroplasty � Computer-assisted surgery � Tourniquet time �
Mechanical alignment

Introduction

Long-term implant survivorship in total knee arthroplasty

(TKA) is dependent on numerous factors, including patient

selection, implant design, soft tissue balancing, and surgi-

cal technique. Previous research has also identified align-

ment of the tibial and femoral components and mechanical

leg alignment as important predictors of long-term survi-

vorship [17, 18]. Computer navigation increases accuracy

and precision of component and limb alignment in TKA

compared to the manual technique [5, 13, 15, 19]. How-

ever, the use of computer navigation technology is often

associated with an increase in surgical time ranging from

11 to 24 min on average [3, 5].

Approximately, eighty percent of TKAs performed in

the United States are currently executed by surgeons who

perform 50 or less TKAs per year [7]. Reports also suggest

that short-term outcomes in TKA are related to surgeon

procedure volume [4]. Therefore, the idea of using com-

puter navigation as a tool to help decrease the number of

alignment outliers and related revision procedures has

merit. However, in order for computer-assisted surgery to

be cost-effective in low-procedure volume scenarios, a

significantly higher reduction in malalignment and associ-

ated revision rate is necessary [22].

In a previous cadaver study [12], we demonstrated a

significant improvement in guide positioning precision,

final bone cut precision, and procedure length when using

adjustable cutting blocks (ACB) compared to conven-

tional cutting blocks (CCB) in computer-navigated TKA.
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The aim of this study was to evaluate the use of ACB

in vivo. We hypothesized that the use of ACB would

(1) improve tibial and femoral component positioning;

(2) improve postoperative mechanical leg alignment; and

(3) decrease tourniquet time, when compared to CCB.

Materials and methods

This study was approved by the Institutional Review

Board. This was a retrospective cohort study of consecutive

patients who underwent navigated primary TKA by a sin-

gle surgeon between 2006 and 2010. Prior to surgery, all

patients in the TKA group had evidence of end-stage knee

osteoarthritis in at least two compartments (Kellgren–

Lawrence score, C3) [8]. Patients were excluded if a

revision was being performed, if they had lower limb

fractures, or if they had no radiographic follow-up. A total

of ninety-four patients met the inclusion and exclusion

criteria and were included in the study. Patients were

classified into two groups according to whether the surgery

had been performed using ACB (Nanoblock, Praxim,

Grenoble, France) or CCB (DePuy Sigma�, DePuy

Orthopaedics, Inc., Warsaw, IN). There were sixty-four

patients (68%) in the CCB group and 30 patients (32%) in

the ACB group. Both groups had similar demographic

composition (Table 1). Postoperative long-leg radiographs

were available for fifty patients (78%) in the CCB group

and twenty-three patients (77%) in the ACB group. Lateral

views were available for sixty patients (94%) in the CCB

group and for twenty-two (87%) patients in the ACB

group.

Surgical technique

A standard total knee exposure using a midline parapatellar

approach followed by a medial arthrotomy was performed

on all cases. The navigation procedure in the CCB group

was performed using either the VectorVision system

(BrainLab, Feldkirchen, Germany) (43%) or the NanoSta-

tion Total Knee Surgetics system (Praxim, Grenoble,

France) (57%). All of the ACB cases were done using the

NanoStation system. The tourniquet was inflated after

placement of the tibial tracker pins and just prior to making

the skin incision. It was deflated after prosthesis cemen-

tation, just prior to wound closure. Two 3.2-mm tracker

pins were used for fixation of the tibial reference array in

the diaphysis. One 4-mm tracker pin and one 3.2-mm

tracker pin were placed bicortically in a medial-to-lateral

direction in the femoral metaphysis, within the incision,

for fixation of the femoral array. Navigation was used

throughout the procedure to verify the component and

mechanical alignment before and after cementing, as well

as for placement of the cutting block (Fig. 1).

Clinical assessment

Charts were reviewed to obtain the following data: age,

gender, body mass index (BMI), tourniquet time, and

operated side. Pre- and postoperative standing full-leg

radiographs were reviewed to assess mechanical alignment

[21], as well as tibial and femoral alignment in the coronal

plane [2]. Lateral knee radiographs were used to measure

sagittal tibial component alignment [2]. All measurements

were made on digital radiographic images stored in our

institution’s PACS system. Two examiners performed

all the measurements, and interobserver agreement was

assessed using intraclass correlation (ICC) [1, 2]. The mean

of the two measurements was used for the final analysis.

Statistical analysis

Through an a priori power analysis based on the results of

our previous cadaveric experiment, we determined that a

minimum of 21 patients in the ACB group and 43 patients

in the CCB group would be needed to detect a 0.5� dif-

ference in standard deviation (SD) of alignment between

groups at the 95% confidence level and with 80% power.

After testing for normality using the Shapiro–Wilk test,

F tests were used to detect differences in variance for

component alignment and mechanical alignment between

the ACB group and the CCB group. We evaluated the

Table 1 Demographic data of

the patients included in this

study

Conventional group Adjustable group Total

No. % No. % No. %

Gender

Male 14 21.9 9 30.0 23 24.5

Female 50 78.1 21 70.0 71 75.5

Mean SD Mean SD Mean SD

BMI 30 6.4 32 6.1 31 6.4

Age (years) 66 11.0 66 11.0 66 11.0

Preoperative mechanical alignment 1.8� varus 9.6� 1.8� varus 9.3� 1.8� varus 9.4�

Knee Surg Sports Traumatol Arthrosc (2012) 20:1736–1741 1737

123



differences in tourniquet time using stepwise multiple lin-

ear regression analysis. Our independent variables were as

follows: cutting block type, BMI, age, gender, and type of

navigation system used [20]. The selection of independent

variables in the final models was based on their clinical

significance and association with the dependent variable.

We also identified cases of component or mechanical

malalignment, defined as a difference greater than 3� from

neutral [5], within each group. ICC was calculated using an

online calculator [23]. Other statistical analyses were per-

formed using Stata/IC 10.1 (StataCorp LP, College Station,

TX). Results are presented as mean, SD, and 95% confi-

dence interval (95% CI), when appropriate. Significance

was set at a = 0.05. All P values quoted are for two-tailed

tests.

Results

Component alignment

Mean coronal femoral alignment for the CCB group was

0.8� varus (SD = 1.95�), and for the ACB group, it

was 1.1� varus (SD = 1.5�) (n.s.) (Fig. 2a). 5 out of 49

CCB cases (10%) and 2 out of 22 ACB cases (9%) were

outside the ±3� limits of neutral alignment.

Mean coronal tibial alignment for the CCB group was

0.1� valgus (SD = 1.3�), and for the ACB group, it

was 0.5� varus (SD = 1.01) (n.s.). One CCB case (2%) was

outside the neutral alignment limits. No ACB cases were

malaligned (Fig. 2b).

Sagittal tibial alignment was a mean 0.5� of anterior

slope (SD = 2.9�) for the CCB group and 0.7� anterior

slope (SD = 2.5�) for the ACB group (n.s.). 15 out of 60

CCB cases were malaligned (25%), compared to 4 out of

26 ACB cases (15%) (Fig. 2c).

Mechanical leg alignment

Preoperatively, the CCB group had a mean mechanical

alignment of 1.8� varus (SD = 9.6�), while the ACB group

had a mean 1.8� varus (SD = 9.37�) (n.s.).

After surgery, mechanical leg alignment variability, as

reflected by the SD, improved for the CCB (mean = 0.7�
varus; SD = 2.7�; P \ 0.0001) and the ACB group

(mean = 1.8� varus; SD = 1.7�; P \ 0.0001). However,

there was significantly less variability in postoperative

mechanical alignment in the ACB group compared to

the CCB group (P = 0.0091) (Fig. 3). 12 out of 50 patients

in the CCB group (24%) and 4 out of 23 patients in

the ACB group (17%) had postoperative mechanical

malalignment.

Tourniquet time

In our multiple linear regression model, the use of an

adjustable cutting block reduced tourniquet time by

14.8 min (P = 0.008), from 91 min (SD = 17.7 min) to

76 min (SD = 16.7 min), compared to using CCB (Fig. 4).

Tourniquet time was 8.1 min less for women than for

men (P = 0.051). No significant effects of BMI, age,

operated side, and type of navigation system used were

found (n.s.).

Interobserver agreement

There was high interobserver reliability for all radiographic

measurements. The ICC for coronal femoral alignment was

0.88. For coronal tibial alignment, the ICC was 0.86. For

sagittal tibial alignment, the ICC was 0.85. Finally, the

ICC for preoperative mechanical alignment measurements

was 0.99, while for postoperative measurements, it was

0.98.

Fig. 1 Following directions

from the navigation system (a),

the target alignment of the bone

cut is precisely obtained by

turning the screws on the

Nanoblock (b). Once the

target alignment has been set,

the surgeon may initiate the cut
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Discussion

The most important finding of this study was that the use of

an adjustable cutting block significantly reduced tourniquet

time and postoperative mechanical alignment variability.

Furthermore, although statistically nonsignificant, the

adjustable cutting block group showed less variability of

coronal femoral and tibial component alignment than the

conventional group and a lower percentage of malaligned

tibial components.

Computer navigation improves implant positioning and

mechanical alignment [5, 13, 15, 19]. However, a perceived

drawback is the increase in surgical time often associated

with the technology [5], which limits its cost-effectiveness.

Manzotti et al. [14] showed that surgeon experience with

navigation could help reduce surgical time. Improved

instrumentation, better suited to navigated procedures,

could also help decrease the time required to perform

navigated surgeries. Klima et al. [9] first showed an

improvement in the time required for the fixation of an

adjustable cutting guide of 3.5 min over conventional

blocks (2.9 vs. 6.4 min). Our previous cadaver study dem-

onstrated a 4.5-min improvement over conventional guides

(2.2 vs. 6.6 min) by reducing the time required for guide

positioning [12]. This may be due primarily to an easier

fixation and alignment process, as the initial fixation of the

guide to the bone does not have to precisely match the

desired target alignment for the cut. Rather, it can be

approximated and then fine-tuned by turning the adjustment

screws on the guide with the aid of the navigation system’s

interface. Although we did not record the time required for

Fig. 2 (a–c) Although not statistically significant, we observed a

trend toward lesser variability in coronal femoral component align-

ment, coronal tibial component alignment, and sagittal tibial compo-

nent alignment in the ACB compared to the CCB group

Fig. 3 There was a significantly less variability in postoperative

mechanical alignment in the ACB group compared to the CCB group

(P = 0.0091)

Fig. 4 The use of ACB improved tourniquet time by 15.8 min

compared to CCB (P = 0.008)
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each surgical step, we have shown in the current study that

the use of the adjustable cutting block reduced tourniquet

time by an estimated 14.8 min compared to the conven-

tional jigs. This is especially important considering that

early release of the tourniquet results in a reduction in

postoperative pain and earlier straight-leg raising [1] and

that prolonged operating time is associated with a higher

rate of infection [24]. Furthermore, considering the current

overhead costs of a surgical center, this is a significant

reduction that may increase the cost-effectiveness of navi-

gated TKA [16]. Moreover, as the alignment of the cutting

guide can be adjusted after fixation to the bone, the tar-

get alignment of the cut can be adjusted and achieved with

more precision. This was confirmed by the results of the

current study. We should also note that, although our

measurement of sagittal tibial slope showed a slightly

anterior positioning of the component, this is most likely

due to the radiographic measurement technique used. Since

as previous research has shown that using the posterior

cortex as reference can lead to a difference of about 3� when

compared to the anatomic axis of the tibia, it is likely that

the true position of the tibial component is closer to our

target of 38 of posterior slope.

There are several possible limitations of this research.

First, the retrospective nature of the study may introduce

confounding factors to the results. When testing for dif-

ferences in tourniquet time, we controlled for age, BMI,

operated side, gender, and the type of navigation system

used [20]. We found that men had higher tourniquet times

than women. This is consistent with the findings by

Kosashvili et al. [10] and may be due to differences in lean

mass percentage, femoral morphology, soft tissue laxity, or

other unexplored variables. Importantly, the gender com-

position of both groups was similar, with a slightly higher

percentage of men in the adjustable cutting group (33%)

than in the conventional group (24%) (n.s.). However,

since the two groups overlap in time, we cannot rule out the

occurrence of selection bias in deciding to use the adjust-

able block versus the conventional instrumentation. Sec-

ond, as this study focused on the results of a single surgeon

at a single hospital, we cannot state how generalizable the

improvements in tourniquet time and alignment may be.

However, these in vivo results are consistent with our

previous cadaver study, in which the surgeries were per-

formed by a different surgeon [12]. Third, the measurement

of postoperative mechanical alignment and implant posi-

tioning was performed on plain radiographs. The accuracy

of this method is always of concern, especially if malro-

tation is present. All radiographs evaluated in the current

study were performed by the same department within the

same institution using a standard technique. While we

attempted to reduce measurement error by excluding

radiographs if technique problems were identified and

using the next available postoperative radiograph, the

reader should be aware of this limitation. Fourth, we spe-

cifically evaluated tourniquet time and not operating room

time. We acknowledge that a change in tourniquet time

may not directly correlate to total operating room time.

However, the surgical technique and the setup for the

navigation system were exactly the same in both groups,

except for the additional fixation of the NanoBlock in the

ACB group. Since NanoBlock fixation was performed after

the tourniquet was inflated, we believe that tourniquet time

effectively conveys the time efficiency information nec-

essary to compare both techniques. Fifth, surgeries in the

CCB group were performed using two different navigation

systems, which may confound the results. However, we

have accounted for the type of navigation system used in

our regression model, and we found this variable not to

have a significant association with the outcome variable, in

this model. Sixth, since the start of the study period, new

technology has become available. Robotic cutting blocks

[11] and custom jigs are [6] now being increasingly used.

However, we believe that this only further underscores the

current interest in increasing the productivity of TKA while

improving outcomes.

The findings of this study may be of special interest to

surgeons who are currently performing computer-navigated

TKA and who wish to further reduce surgical time without

compromising the quality of the procedure.

Conclusion

ACB for TKA significantly reduced postoperative mechan-

ical alignment variability and tourniquet time compared to

conventional navigated instrumentation, while providing

equal or better component alignment.
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