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Abstract

Background Recently, patient-specific guides (PSGs)

have been introduced, claiming a significant improvement

in accuracy and reproducibility of component positioning

in TKA. Despite intensive marketing by the manufacturers,

this claim has not yet been confirmed in a controlled pro-

spective trial.

Questions/purposes We (1) compared three-planar com-

ponent alignment and overall coronal mechanical

alignment between PSG and conventional instrumentation

and (2) logged the need for applying changes in the sug-

gested position of the PSG.

Methods In this randomized controlled trial, we enrolled

128 patients. In the PSG cohort, surgical navigation was

used as an intraoperative control. When the suggested cut

deviated more than 3� from target, the use of PSG was

abandoned and marked as an outlier. When cranial-caudal

position or size was adapted, the PSG was marked as

modified. All patients underwent long-leg standing radi-

ography and CT scan. Deviation of more than 3� from the

target in any plane was defined as an outlier.

Results The PSG and conventional cohorts showed similar

numbers of outliers in overall coronal alignment (25% versus

28%; p = 0.69), femoral coronal alignment (7% versus 14%)

(p = 0.24), and femoral axial alignment (23% versus 17%; p =

0.50). There were more outliers in tibial coronal (15% versus

3%; p = 0.03) and sagittal 21% versus 3%; p = 0.002)alignment

in the PSG group than in the conventional group. PSGs were

abandoned in 14 patients (22%) and modified in 18 (28%).

Conclusions PSGs do not improve accuracy in TKA and,

in our experience, were somewhat impractical in that the

procedure needed to be either modified or abandoned with

some frequency.

Level of Evidence Level I, therapeutic study. See instruc-

tions for authors for a complete description of levels of

evidence.

Introduction

Successful outcome of TKA is related to adequate patient

selection, three-dimensional (3-D) alignment of the com-

ponents, ligament tension, rehabilitation, and patient

expectations [7, 9, 13, 21–23, 26, 38, 39]. Inferior clinical
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results have been related to postoperative malalignment.

Coronal plane outliers have been shown to have inferior

functional outcomes, earlier loosening, and polyethylene

wear [3, 22, 32, 34, 42]. Internal rotation of the femoral

component has been associated with pain, stiffness, and

instability [1, 2, 8, 24, 31, 44]. In contrast, excessive

external rotation of the femoral component leads to

symptomatic flexion instability [29], increased shear forces

on the patella [25], and medial compartment overload in

flexion [15]. Excessive tibial slope in the sagittal plane

leads to post impingement and flexion instability [6].

Intra- or extramedullary alignment rods guide conven-

tional instrumentation in TKA. Some surgeons use

tensioned gaps in addition to the measured resection to

position the implants [11, 12]. Postoperative malalignment

is reported in a significant number of patients when these

conventional instruments are used [4, 14, 26, 35, 36].

Computer-assisted surgery (CAS) was developed in an

attempt to improve surgical accuracy and avoid outliers.

Despite the reported improvement in coronal alignment,

CAS failed to improve alignment in the horizontal plane,

mainly because of the difficulty of identifying the correct

landmarks intraoperatively [4, 14, 40]. More importantly,

the system failed to become generally adopted as a stan-

dard orthopaedic instrument in surgical theaters because of

issues with cost, time investment, and pin-related compli-

cations [30].

In the past decade, patient-specific guides (PSGs) were

developed, based on 3-D models of the patient’s anatomy,

by virtue of powerful 3-D software systems and rapid

prototyping. This technology gained widespread accep-

tance in dental surgery [18, 19] and was gradually

introduced in TKA [16, 17, 20, 27, 37, 43]. Using a pre-

operative CT or MRI scan, disposable cutting blocks are

produced. These blocks have a single and unique fit on the

distal femur and proximal tibia. They direct the femoral

and tibial bone cuts, following a virtual preoperative plan.

This plan is based on a Cartesian coordinate system, using

relevant landmarks [41].

In this prospective randomized controlled trial, we (1)

compared three-planar component alignment and overall

coronal mechanical alignment between PSG and conven-

tional instrumentation and (2) logged the need for applying

changes in the suggested position of the PSG.

Patients and Methods

Between February 2011 and May 2012, we included 128

patients with end-stage knee osteoarthritis scheduled for

TKA in the study. Patients with rheumatoid arthritis, pre-

vious osteotomy, fractures, retained hardware in the limb,

or claustrophobia were excluded. Ethics committee

approval was obtained and all patients gave written

informed consent.

Sample Size and Randomization

The sample size was calculated based on a power of 0.80

(1 � b) with a = 0.05 to detect a difference in deviation

from a target of 1� (required sample size n = 92) and in

number of outliers of 20% (required sample size n = 118).

Compensating for possible dropouts, a sample size of 128

was chosen for the study.

Patients were randomized into two cohorts. The selec-

tion and randomization protocol was as follows. Patients

with end-stage osteoarthritis were selected for TKA in the

outpatient clinic. An appointment for a preoperative

information session on the surgery and hospital stay was

scheduled at the time of this outpatient visit. During the

preoperative information session, the patient was informed

by the coordinating nurse about the proposed study. If the

patient agreed to participate and no exclusion criteria were

detected, informed consent was obtained and the patient

was included in the study. At that time, the nurse opened

the sealed randomization envelope. The content of the

envelopes was either PSG or conventional. The date of

surgery was planned after randomization, allowing suffi-

cient time to plan the preoperative scan and produce the

PSGs in the PSG cohort. The PSG cohort (n = 64) was

operated on using PSGs and the conventional cohort (n =

64) using conventional instrumentation. In the PSG cohort,

PSG designs from four different TKA suppliers (Sub-

groups PSG 1–4, described below) were used. This

subgrouping was not randomized, for logistic reasons; the

use of the different systems was consequently consecutive.

There were three patients who did not receive the allo-

cated PSG intervention. In the first case, the PSG did not

arrive on the day of surgery and the patient refused

postponement; in the second case, the PSG was made for

the wrong patient; and in the third case, the PSG was

made for the contralateral side. These three patients were

excluded from the study. The operation was carried out by

the senior authors (JV, JB) or fellowship-trained staff

members (HV, NA). A flowchart of the study design is

shown (Fig. 1).

No statistical differences were found in demographic

parameters between the two cohorts. The male:female ratio

was identical (21:43). The mean preoperative coronal

alignment was 2.7� varus (SD, 7.0�; range, 17� varus to 18�
valgus) in the PSG cohort and 3.5� varus (SD, 6.5�; range

13� varus to 15� valgus) in the conventional cohort. The

mean preoperative condylar twist angle was respectively

�1.7� (SD, 2.1�; range, �4.6� to 3.2�) and �1.9� (SD, 1.7�;

range, �5.7� to 2.0�) (Table 1).
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Operative Technique

All patients in both cohorts received a posterior-stabilized,

fixed-bearing implant. The operation was performed

through an anteromedial parapatellar approach, without

everting the patella. Cement fixation was used in all

patients. The patella was resurfaced in all patients.

In the PSG cohort, PSGs from four different implant

suppliers (PSG Subgroups 1–4) were used to align the

femoral and tibial implants. The surgical plan was built by

the manufacturer and controlled by the senior surgeon. The

minimum time between imaging and delivery of the PSG

was 4 weeks, except for PSG Subgroup 2, where it was 8

weeks.

In PSG Subgroup 1, Signature1 (Biomet Inc, Warsaw,

IN, USA) was used. Each patient underwent preoperative

MRI of the lower limb, following the prescribed protocol.

The images were processed by Materialise (Leuven, Bel-

gium). The following alignment targets were set: a neutral

mechanical axis in the coronal plane for the femur and

tibia, 3� of flexion in the sagittal plane for the femoral and

tibial components, and a femoral component rotation par-

allel to the surgical epicondylar axis. The implant used was

the Vanguard1 Complete Knee System (Biomet Inc).

CONVENTIONALPSG

Assessed for eligibility (n = 166)

Excluded (n = 38)
♦Not meeting inclusion criteria (n = 21)
♦ Declined to participate (n = 17)
♦ Other reasons (n = 0)

Analyzed (n = 61)
♦Excluded from analysis (n = 0)

Lost to followup (n = 0)
Discontinued intervention (n = 14 PSG)

Allocated to intervention (n = 64)
♦Received allocated intervention (n = 61)
♦Did not receive allocated intervention (n = 3)

1 PSG not ready on time
1 PSG made for the wrong patient
1 PSG made for the wrong side

Lost to followup (n = 0)
Discontinued intervention (n = 0)

Allocated to intervention (n = 64)
♦Received allocated intervention (n = 64)
♦Did not receive allocated intervention (n = 0)

Analyzed (n = 64)
♦Excluded from analysis (n = 0)

Allocation

Analysis

Followup

Randomized (n = 128)

Enrollment
Fig. 1 A flowchart illustrates the

study design.

Table 1. Demographic data of the PSG and conventional cohorts

Variable PSG cohort Conventional

cohort

p value

Number of patients 64 64

Male/female ratio (number of patients) 21/43 21/43 1.00

Age (years)* 67 (52–87) 66 (36–92) 0.85

Mean preoperative coronal alignment (�)� �2.7 (7.0) (17 varus to 18 valgus) �3.5 (6.5) (12.8 varus to 14.8 valgus) 0.52

Mean femoral rotational alignment

(condylar twist angle) (�)�
�1.7 (2.1) (�4.6 to 3.2) �1.9 (1.7) (�5.7 to 2.0) 0.45

* Values are expressed as mean, with range in parentheses; �values are expressed as mean, with SD and range in parentheses; PSG = patient-

specific guide.
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In PSG Subgroup 2, TruMatch1 (DePuy Inc, Warsaw,

IN, USA) was used. Each patient underwent a CT scan of

the leg from hip to ankle, as defined by the manufacturer’s

protocol. The following alignment targets were set: a

neutral mechanical axis in the coronal plane for the femur

and tibia, 3� of flexion in the sagittal plane for the femoral

and tibial components, and a femoral component rotation

parallel to the surgical epicondylar axis. The implant used

was the Sigma1 Fixed Bearing Knee System (DePuy Inc).

In PSG Subgroup 3, Visionaire1 (Smith & Nephew Inc,

Memphis, TN, USA) was used. All patients underwent AP

long-leg standing radiography and MRI of the knee, fol-

lowing the protocol prescribed by the manufacturer. The

following alignment targets were set: a neutral mechanical

axis in the coronal plane for the femur and tibia, 4� of

flexion in the sagittal plane for the femoral component and

3� of flexion for the tibial component, and a femoral

component rotation parallel to the surgical epicondylar

axis, taking the asymmetric nature of the posterior condyles

of the implant into account. The implant used was the

Genesis1 II Total Knee System (Smith & Nephew Inc).

In PSG Subgroup 4, Patient-Specific Instruments1 (PSI)

(Zimmer Inc, Warsaw, IN, USA) was used. Each patient

underwent MRI of the lower limb, following the prescribed

protocol. The images were processed by Materialise

(Leuven, Belgium). The following alignment targets were

set: a neutral mechanical axis in the coronal plane for the

femur and tibia, 4� of flexion in the sagittal plane for the

femoral component and 7� of flexion for the tibial com-

ponent, and a femoral component rotation parallel to the

surgical epicondylar axis. The implant used was the Nex-

Gen1 Complete Knee Solution (Zimmer Inc).

In the conventional cohort, standard instrumentation was

used. The femoral component was aligned using an intra-

medullary rod and standard block instrumentation, and the

tibial component was aligned using an extramedullary

guide and standard block instrumentation. The target was a

neutral mechanical axis in the coronal plane for the femur

and tibia, 4� of flexion in the sagittal plane for the femoral

component and 3� of flexion for the tibial component, and a

femoral component rotation parallel to the surgical epic-

ondylar axis, taking the asymmetric nature of the posterior

condyles of the implant into account. The implant used was

the Genesis1 II Total Knee System (Smith & Nephew Inc).

In both cohorts, the tibial component was axially aligned to

the femoral component in the extended knee.

Surgeon Experience and Pretraining

All participating surgeons were fellowship trained and

performed more than 200 TKAs per year. They had a long-

standing experience with the use of surgical navigation and

the standard instruments used in the control group. Before

starting the study, they had performed more than 10

operations with PSGs and at least one procedure within

each PSG subgroup.

Abandoning or Modifying the PSG Procedure

In the PSG cohort, the suggested cuts were measured with

the surgical navigation system (BrainLAB Knee 2.1 Uni-

versal; BrainLAB AG, Munich, Germany), after the block

was carefully positioned and pinned in place. If the mea-

sured value exceeded the target alignment in any plane and

any direction by more than 3�, the use of the PSG was

abandoned for the affected bone and the cuts were made

following the surgical navigation system. The value before

correction, as measured by the navigation system, was

recorded and included in the overall analysis, and the

patient was marked as an outlier for that specific alignment

parameter on the femur or the tibia. This abandoning of the

PSG was done independently for femur and tibia.

In case the suggested resection planes remained within

3� of target alignment as measured with the surgical nav-

igation system but the cranial-caudal level of resection was

judged incorrect on the basis of insufficient gap space as

measured with a spacer block, the position of the distal cut

was adapted and marked as modified for the affected bone.

Outcome Measurement

In both cohorts, bipedal standing AP full-leg radiographs

were obtained with the patellae facing forward and the

knee in full extension [5]. In addition, a lateral radiograph

on long film was taken. All patients also underwent a

postoperative CT scan, using a scatter reduction protocol.

The slice thickness was 2 mm.

Angular measurements were performed on the hospital

picture archiving and communication system (Agfa Geva-

ert, Mortsel, Belgium). The full-leg standing radiograph

was used to measure the mechanical limb alignment and

the coronal alignment of the femoral and tibial compo-

nents. Mechanical limb alignment was defined as the angle

formed between the lines connecting the center of the hip

to the center of the knee and the center of the knee to the

center of the ankle (hip-knee-ankle [HKA] angle). The

angle between the femoral mechanical axis and the tangent

to the most distal part of the medial and lateral condyles of

the femoral component determined its coronal position.

The angle between the tibial mechanical axis and the

inferior surface of the tibial component determined its

coronal position. Sagittal alignment of the femoral and

tibial components was measured on the lateral radiograph.
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The angle between the anterior femoral cortex and the

distal femoral cut line determined the femoral component

sagittal alignment. The angle between the tangent to the

anterior tibial cortex and the inferior surface of the tibial

component determined the tibial component sagittal

alignment. The rotation of the femoral component was

measured on the axial views of the CT scan. The angle

between the surgical transepicondylar axis and the tangent

to the posterior condyles defined the femoral component

position in the axial plane [39]. On the preoperative MRI or

CT scan, the condylar twist angle was defined as the angle

formed between the surgical transepicondylar axis and the

tangent to the posterior condyles. Radiographs and CT

scans were measured by an investigator who was blinded to

the allocation of the patient.

Three-planar alignment was the primary end point.

Deviation of more than 3� from the target in any plane, as

measured with surgical navigation or postoperative radio-

graphic imaging, was defined as an outlier.

Statistical Analysis

We used a nonparametric approach [33] to compare the

coronal, sagittal, and axial alignment measurements

between the two cohorts and among the four PSG sub-

groups. This was done for the actual measurement and for

the deviation of the actual measurement from the target.

Fisher exact tests (and an extension thereof for multiple

groups) were used to make comparisons for proportions.

We considered p values smaller than 0.05 significant. All

analyses were performed using SAS1 Version 9.2 software

(SAS Institute Inc, Cary, NC, USA).

Results

Deviation from target alignment in the three planes was not

significantly different between the two cohorts (Table 2).

No significant differences were noted in deviation from

target alignment among PSG Subgroups 1 to 4, except for

sagittal alignment of the femoral component, which was

significantly better for PSG Subgroup 3 (p = 0.02)

(Table 3). Both cohorts showed a similar number of out-

liers in coronal long-leg alignment, in femoral coronal

alignment, and in the axial plane (Table 4). The PSG

cohort had more outliers in coronal tibial alignment (p =

0.03) and sagittal tibial alignment (p = 0.002) than the

conventional cohort. When PSG Subgroups 1 to 4 were

compared with each other, no significant differences were

noted in the number of outliers, except for PSG Subgroup

3, which had more overall coronal alignment outliers (p =

0.04) but fewer femoral component sagittal alignment

outliers (p = 0.001) (Table 5). The percentage of knees

situated within 3� for all alignment parameters was 51% in

the PSG cohort versus 47% in the conventional (p = 0.72).

For PSG Subgroups 1, 2, 3, and 4, this was 59%, 38%,

45%, and 57%, respectively (p = 0.70).

The PSG procedure was abandoned in 14 patients (22%)

and modified in 18 patients (28%). The values recorded

when the PSG was abandoned ranged from �4.5� to 5� on

the femur and �7� to 5� on the tibia in the coronal plane,

�7� to 12� on the femur and �6� to 10� on the tibia in the

sagittal plane, and 3.5� to 7� on the femur in the axial plane

(negative values mean varus in the coronal plane, extension

in the sagittal plane, and internal rotation in the axial plane)

(Table 6). A change in sizing was the most common reason

for modifying the use of the PSG. In 13 patients, the

implant size as determined by the PSG preoperative plan-

ning was incorrect. This occurred three times for the femur

(5%) and 10 times for the tibia (16%). In nine patients in

this cohort, the level of the cut was inappropriate and

required intraoperative correction: five times at the level of

the femur (8%) and four times at the level of the tibia (6%).

Administrative errors not leading to abandoning or modi-

fying the PSG were noted in the PSG cohort. In one patient,

the name of the patient was incorrectly labeled on the

guide. In another patient, the cutting guide was delivered

for a femoral component size 7, whereas size 6 had been

ordered.

Discussion

PSGs are a new tool in the orthopedic armamentarium.

They have the potential of relaying preoperative 3-D

imaging into the surgical field in a reproducible way. The

combination of detailed preoperative virtual planning with

controlled execution of the bone cuts holds a promise of

more accurate positioning of the implants. We investigated

this alleged improvement in 3-D, using intraoperative

surgical navigation and postoperative imaging as mea-

surement tools and conventional instrumentation as a

control cohort. We (1) compared three-planar component

alignment and overall coronal mechanical alignment

between PSG and conventional instrumentation and (2)

logged the need for applying changes in the suggested

position of the PSG.

This study had a number of limitations. First, we

acknowledge the potential influence of the learning curve.

Despite the fact that all participating surgeons had prior

experience with PSGs, the introduction of a new implant

system is a potential bias. We limited the influence of this

bias in doing a pilot case for every subgroup. Also, the

manufacturer provided technical support for every inter-

vention and helped with the logistic workflow in the
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hospital. We did not encounter technical problems related

to the change in implant system between the PSG sub-

groups. Second, the conventional cohort lacked

intraoperative surgical navigation control. However, con-

ventional instrumentation is the standard of care and we

decided to measure component position in this cohort with

postoperative radiographs and CT only. We believed the

lack of clinical proof of reliability and accuracy of PSGs

justified the use of an intraoperative control to avoid major

errors in the PSG cohort. The range of values corrected in

the outliers by virtue of the surgical navigation, especially

in the sagittal plane, proves the value of this approach. As

the outlier values overruled by the surgical navigation were

included as the original uncorrected value in the statistical

analysis, bias between the two cohorts was avoided.

Radiographic analysis was identical in the two cohorts.

One of the most fundamental criticisms of PSGs is the

pure geometric nature of the approach, not taking soft

tissue status into account. This study did not specifically

focus on this problem, but we acknowledge this drawback.

The frequent changes made in the level of the distal fem-

oral and proximal tibial cut and in component size do

reflect the difficulty of adequately assessing resection lev-

els and flexion-extension gaps without clinical information

on the patient’s ligament status.

In our prospective randomized controlled trial, the use

of PSGs did not reduce the number of outliers in any plane

in space. Few studies assessing the accuracy of PSGs are

available in the literature [10, 26, 27]. To our knowledge,

no prospective randomized studies assessing 3-D alignment

have been published so far. Two retrospective studies

looked at coronal plane alignment in large cohorts of

patients [26, 27]. Nunley et al. [27] compared coronal

alignment after TKA performed with PSGs to conventional

instrumentation in a retrospective nonrandomized study

using a coronal nonweightbearing CT scanogram. They

found 16% outliers in HKA angle in the conventional

Table 2. Deviations from target alignment in the PSG and conventional cohorts

Variable Deviation from target alignment (�) p value

PSG cohort Conventional cohort

Coronal overall limb �0.4 (1.7) (�7.5 to 6.7) �0.9 (1.8) (�6.8 to 6.0) 0.38

Coronal femoral component �0.1 (1.3) (�4.5 to 5.0) �0.7 (2.0) (�5.2 to 4.1) 0.23

Coronal tibial component �0.3 (1.8) (�7.0 to 5.0) �0.1 (1.4) (�3.8 to 4.0) 0.45

Sagittal femoral component 2.7 (4.1) (�7.0 to 12.0) 3.2 (2.9) (�1.1 to 11.2) 0.52

Sagittal tibial component 0.1 (2.8) (�6.0 to 10.0) �0.6 (1.7) (�3 to 4.4) 0.16

Axial femoral component 0.5 (2.1) (�3.5 to 7.0) 1.6 (2.3) (�4.6 to 7.2) 0.99

Values are expressed as mean, with SD and range in parentheses; negative values represent varus in the coronal plane, extension in the sagittal

plane, and internal rotation in the horizontal plane; PSG = patient-specific guide.

Table 3. Deviations from target alignment in PSG Subgroups 1 to 4

Variable Deviation from target alignment (�) p value

Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 4

Coronal overall limb �0.3 (1.4) �0.9 (2.3) �0.5 (3.4) 0.0 (1.8) 0.14

Coronal femoral component �0.5 (1.0) �0.9 (1.4) 0.2 (1.4) 1.1 (0.8) 0.55

Coronal tibial component �0.1 (1.4) 0.3 (2.1) �0.7 (2.3) 0.3 (1.2) 0.66

Sagittal femoral component 5.5 (4.0) 3.5 (2.6) �0.5 (3.2) 3.5 (3.1) 0.02

Sagittal tibial component 0.0 (1.4) 0.3 (2.0) �0.5 (2.3) 0.3 (2.1) 0.86

Axial femoral component 0.9 (2.3) �1.5 (1.5) 1.4 (1.8) �0.1 (1.8) 0.08

Values are expressed as mean, with SD in parentheses; negative values represent varus in the coronal plane, extension in the sagittal plane, and

internal rotation in the horizontal plane; PSG = patient-specific guide.

Table 4. Outliers in the PSG and conventional cohorts

Variable Outliers (%) p value

PSG

cohort

Conventional

cohort

Coronal overall limb 24.6 28.1 0.69

Coronal femoral component 6.6 14.1 0.24

Coronal tibial component 14.6 3.1 0.03

Sagittal femoral component 52.5 48.4 0.72

Sagittal tibial component 21.3 3.1 0.002

Axial femoral component 23.0 17.2 0.50

PSG = patient-specific guide.
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group versus 18% in the PSG subgroup that targeted neu-

tral mechanical alignment and 44% in the PSG subgroup

that targeted kinematic alignment. They concluded that

PSGs did not improve coronal alignment. These reported

figures are in the same order of magnitude as the number of

outliers we found in the PSG cohort (24.6%). In a retro-

spective review, Ng et al. [26] used long-leg films to

measure coronal alignment after TKA performed with

PSGs. The percentage of outliers in overall leg alignment

in the PSG group was 9% versus 22% with manual

instrumentation. However, coronal component angles for

the tibia and femur separately showed similar numbers of

outliers for PSGs and manual instrumentation (tibia: 10%

versus 7%, respectively; femur: 22% versus 18%, respec-

tively). Conteduca et al. [10] assessed the intraoperative

position of PSGs in 12 patients with surgical navigation

and concluded that PSG-guided alignment was not reliable.

They recommended that an accurate control of the align-

ment should be performed before making the cuts, for any

step of the procedure.

In addition, the range of error values that needed to be

corrected intraoperatively showed some unacceptable out-

liers. This is particularly disturbing given the high

frequency by which these errors occurred: the PSG pro-

cedure had to be abandoned in more than one of five

patients.

One would hope that an experienced surgeon would

recognize and correct major errors of more than 5� devia-

tion from the target, as was the case in some of the PSGs,

but in the hands of less experienced surgeons, this could

cause malalignment necessitating early revision. Especially

the sagittal plane is a cause for concern, with the widest

range in outlier values (�8� to 12� on the femur and �6� to

7� on the tibia). This can be explained by the nature of the

technology. Capturing a 3-D irregular body is less reliable

as the available surface area decreases. It is particularly

difficult to obtain a unique fit on the proximal tibia and

distal femur, within the boundaries of a standard surgical

exposure. A small toggle in the sagittal plane irrevocably

leads to sagittal plane outliers. In our experience, the

flexion-extension position of the PSG was the most difficult

to locate unequivocally, with all four systems used.

Manufacturers of knee implants often claim a reduction

of operative time as an advantage of PSGs. We did not

include operative times in our analysis as the use of sur-

gical navigation as a control measure slowed down the

procedure. However, previous work by Nunley et al. [28]

showed only a marginal improvement in tourniquet time

(56 versus 61 minutes) for the PSG group. Taking into

account the time needed for preoperative planning and

confirming the final plan, this claim should be seriously

challenged. In addition, a crucial part of the operation, the

planning of implant positioning, is outsourced. We believe

this outsourcing is a potential danger. To the surgeon, it is

unclear who is dealing with data processing and position-

ing of the implant. Most steps in the planning process

require surgical experience, and it can be questioned

whether the technicians involved in the planning are suf-

ficiently skilled. Greater transparency and quality control

from the manufacturer side are needed. We had concerns

Table 5. Outliers in PSG Subgroups 1 to 4

Variable Outliers (%) p value

Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 4

Coronal overall limb 6 25 45 19 0.04

Coronal femoral component 0 0 10 12 0.51

Coronal tibial component 6 25 20 12 0.48

Sagittal femoral component 82 62 20 56 0.001

Sagittal tibial component 12 12 25 31 0.53

Axial femoral component 18 12 40 12 0.21

PSG = patient-specific guide.

Table 6. Measurements for the 14 PSGs that had to be abandoned

Variable Femur Tibia

Coronal component (�) �4.5 (2), 3.5 (1.0), 5 (�1.2) �7 (�1.2), �3.5 (0), �3.5 (2.0), �3.5 (�0.8), 3.5 (0.0), 5 (2.0)

Sagittal component (�) �7 (5.9), 12 (5.8) �6 (5.0), 7 (2.9), 10 (0.9)

Axial component (�) �3.5 (1.1), 7 (2.3)

The values measured with surgical navigation are listed; the numbers in parentheses are the postoperative values, measured on CT scan,

confirming the decision to abandon the PSG and continue the operation using surgical navigation; negative values represent varus, femoral

extension, tibial upslope, or femoral endorotation; PSG = patient-specific guide.
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about the logistical elements of PSG fabrication; incorrect

patient and size labeling occurred with several PSGs in our

series.

The strengths of the study included its randomized

design and the inclusion of four different PSG systems. The

use of both surgical navigation and 3-D radiographic

analysis allowed for reliable measurement of the PSG

position both intra- and postoperatively. Using these

approaches, we found that, although PSGs offer a very

interesting opportunity to transfer 3-D imaging data into

the surgical field, the systems did not improve the accuracy

of TKA. The magnitude and frequency of erroneous cuts

resulting from the use of PSGs do not currently support

their use in clinical practice. In addition, conceptual and

logistical aspects of outsourcing of the surgical procedure

need to be addressed.
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