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Abstract

Background Although some clinical reports suggest

patient-specific instrumentation in TKA may improve

alignment, reduce surgical time, and lower hospital costs, it

is unknown whether it improves pain- and function-related

outcomes and gait.

Questions/purposes We hypothesized that TKA per-

formed with patient-specific instrumentation would

improve patient-reported outcomes measured by validated

scoring tools and level gait as ascertained with three-

dimensional (3-D) analysis compared with conventional

instrumentation 3 months after surgery.

Methods We randomized 40 patients into two groups using

either patient-specific instrumentation or conventional

instrumentation. Patients were evaluated preoperatively and

3 months after surgery. Assessment tools included subjective

functional outcome and quality-of-life (QOL) scores using

validated questionnaires (New Knee Society Score� [KSS],

Knee Injury and Osteoarthritis Outcome Score [KOOS], and

SF-12). In addition, gait analysis was evaluated with a 3-D

system during level walking. The study was powered a priori

at 90% to detect a difference in walking speed of 0.1

m/second, which was considered a clinically important dif-

ference, and in a post hoc analysis at 80% to detect a

difference of 10 points in KSS.

Results There were improvements from preoperatively to

3 months postoperatively in functional scores, QOL, and

knee kinematic and kinetic gait parameters during level

walking. However, there was no difference between the

patient-specific instrumentation and conventional instru-

mentation groups in KSS, KOOS, SF-12, or 3-D gait

parameters.

Conclusions Our observations suggest that patient-spe-

cific instrumentation does not confer a substantial

advantage in early functional or gait outcomes after TKA.

It is possible that differences may emerge, and this study

does not allow one to predict any additional variances in

the intermediate followup period from 6 months to 1 year

postoperatively. However, the goals of the study were to
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investigate the recovery period as early pain and functional

outcomes are becoming increasingly important to patients

and surgeons.

Level of Evidence Level I, therapeutic study. See the

Instructions to Authors for a complete description of levels

of evidence.

Introduction

Knee function and survivorship after TKA are dependent

on many factors, including patient selection, three-dimen-

sional (3-D) alignment of the components, ligament

balancing, effective rehabilitation, and management of

patient expectations [14, 21, 22, 32, 33, 35, 42, 61].

Coronal, sagittal, and rotational plane outliers have been

shown to be associated with inferior function after TKA [3,

6, 11, 13, 15, 33, 37, 38, 46, 52, 53, 55, 61, 63, 65]. As

such, attempts have been made to improve frontal and

sagittal alignment in TKA using multiple 3-D preoperative

and intraoperative tools. New innovations such as patient-

specific instrumentation have been introduced. The basic

premise of these systems is to limit coronal, sagittal, and

rotational plane outliers while reducing surgical time.

Patient-specific instrumentation uses preoperative

imaging (plain radiographs, CT, and/or MRI) to manufac-

ture cutting blocks through rapid prototyping specific to a

patient’s anatomy. The patient-specific instrumentation

guides are applied directly to position the tibial and fem-

oral cutting guides without any violation of the

intramedullary canal. As such, the purported benefits

include a decrease in operative time, decrease in blood loss,

improved functional recovery, decrease in instrument trays,

and the ability to preoperatively plan a patient’s component

size, position, and alignment [10, 41]. Disadvantages

include increased cost and time for imaging and instrument

fabrication and a learning curve for the surgeon.

Although multiple studies have investigated alignment,

operative time, and cost with patient-specific instrumenta-

tion [29, 34, 44, 45, 48, 61], to our knowledge, there is only

one available study regarding whether the technology

improves patient-reported outcomes or gait [49]. Moreover,

no randomized clinical trial has investigated patients’

objective functional outcome parameters with compre-

hensive gait analysis during the early rehabilitation period

after TKA with patient-specific instrumentation. Although

long-term survivorship is of interest, early pain relief and

improved functional outcomes have become increasingly

important to patients and surgeons, particularly with the

popularization of minimally invasive surgical (MIS) tech-

niques [17–19, 40, 48]. In addition, literature regarding

MIS has shown that tools used to analyze pain and func-

tional outcomes during the early recovery period are

sensitive [16, 20, 25, 27, 47] . Because some authors have

reported a decrease in operative time and blood loss with

patient-specific instrumentation [10, 41], we hypothesized

that the use of patient-specific instrumentation in TKA

potentially could improve early pain and functional out-

comes, and this could be appropriately measured.

As such, the goals of the current study were to compare

(1) patient-reported outcomes scores (New Knee Society

Score� [KSS], Knee Injury and Osteoarthritis Outcome

Score [KOOS], and SF-12), and (2) gait parameters at 3

months after surgery between patients operated on with

patient-specific instrumentation versus conventional

instrumentation.

Patients and Methods

In this randomized controlled trial, 40 patients (20 in each

group) undergoing unilateral primary TKA at our institu-

tion between September 2012 and January 2013 by the two

senior authors (JNAA, SP) were recruited (Fig. 1). Patients

were included if they (1) had severe, symptomatic knee

arthritis [2]; (2) were between 50 and 85 years old; (3) were

willing to wait 6 to 8 weeks before surgery; and (4) were

accepting of new technology. Exclusion criteria included

metallic hardware within 10 cm of the knee, any other

previous knee surgery that could lead to an artifact effect

on imaging, or prior THA. All patients who met the criteria

were invited to participate; the 40 who agreed to participate

represented 84% (40 of 48) of the patients we approached.

The study was approved by our institution’s ethics com-

mittee before initiation. All patients provided informed

consent.

We previously reported the main elements of the study

design and radiographic results of these patients [47]. We

found the radiographic alignment to be no different

between the two study groups (Table 1) [47]. Briefly,

patients were randomized to either the patient-specific

instrumentation or conventional instrumentation group by

the hospital’s informatics department using a systematic

sampling method. The randomization protocol was not

revealed to the authors, who received the information in the

office regarding the group to which the patient was

assigned in sealed, numbered envelopes approximately 6 to

8 weeks before the scheduled surgery. The randomization

process matched patients for age within 5 years, sex, BMI

± 3 kg/m2, preoperative diagnosis, and operative side

treated (Table 1).

For the patients allocated to the patient-specific instru-

mentation group, MRI was obtained after randomization

but 6 to 8 weeks before surgery. All patients had their MRI

completed on the same machine (Philips1 Intera 1.5 Tesla;

Koninklijke Philips NV, Best, The Netherlands) in the

Volume 472, Number 8, August 2014 Patient-specific Instrumentation in TKA 2469

123



hospital’s department of radiology using a standardized

protocol validated by the protocol manufacturer (Materi-

alise1, Leuven, Belgium). For every patient, the protocol

included images were acquired from the hip, knee (between

80 and 120 sections), and ankle. All identifying informa-

tion was removed from the images and they were uploaded

to a dedicated online management system. After segmen-

tation, the engineers planned the TKA and submitted it to

the surgeon. Based on the clinical examination and stand-

ing full-length hip-to-ankle radiographs, the plan was

scrutinized and modified by the surgeon to set the appro-

priate depth of the distal femoral and tibial cuts, flexion of

the femoral implant, and slope of the tibial plateau. The

rotation of the femoral implant was based on the transe-

picondylar axis and never changed in this study. The tibial

rotation was modified to be referenced from the anterior

tibial tuberosity, fitting the anterior cortex [1, 4, 26, 30].

Before approval, the flexion and extension spaces were

equalized. After this in-depth review by the surgeon, rapid

prototyping and computer-assisted design and manufac-

turing technology were used to create the patient-specific

instrumentation jigs.

The surgical exposure through a standard medial para-

patellar arthrotomy was identical for both groups. For

patients randomized to the patient-specific instrumentation

group, after exposure of the knee, the patient-specific

instrumentation jigs were carefully positioned over previ-

ously cleaned and dried articular surfaces, ensuring an

accurate fit. Subsequently, guided by the patient-specific

instrumentation jig, drill holes and pins were placed in the

cartilage surfaces, which then determined the orientation of

standard cutting guides. For patients randomized to the

conventional instrumentation group, a traditional extra-

medullary guide was used for the tibia and an intramedullary

rod for the femur. The remaining procedure in both groups

was completed as per our standard protocol [9]. The patella

was resurfaced systematically in both groups. All patients

received the identical cemented high-flex mobile-bearing

posterior-stabilized prosthesis (Negev1 LPS-Flex mobile;

Zimmer; Warsaw, IN, USA) [7, 8]. In both groups, no

tourniquet was used and patients received the identical

postoperative pain and blood management protocols [19,

26]. In addition, the same postoperative rehabilitative pro-

tocol was used for all patients.

Assessed for eligibility (n = 48)

Excluded (n = 8)
♦ Not meeting inclusion criteria (n = 6)
♦ Declined to participate (n =  2)
♦ Other reasons (n =  0)

Analyzed (n = 20)
♦ Excluded from analysis (n = 0)

Lost to followup (n = 0)

Discontinued intervention (n = 0)

Knees allocated to patient-specific 
instrumentation (n = 20)
♦ Received allocated intervention (n = 20)

♦ Did not receive allocated intervention (n = 0)

Lost to followup (n = 0)

Discontinued intervention (n = 0)

Knees allocated to conventional 
instrumentation (n = 20)
♦ Received allocated intervention (n = 20)

♦ Did not receive allocated intervention (n= 0)

Analyzed (n = 20)
♦ Excluded from analysis (n = 0)

Allocation

Analysis

Followup

Randomized (n = 40)

Enrollment

Fig. 1 A flow diagram [39] shows the patients’ enrollment, alloca-

tion, followup, and analysis. (Diagram adapted from Moher D,

Hopewell S, Schulz KF, Montori V, Gøtzsche PC, Devereaux PJ,

Elbourne D, Egger M, Altman DG; Consolidated Standards of

Reporting Trials Group. CONSORT 2010 explanation and elabora-

tion: updated guidelines for reporting parallel group randomised

trials. J Clin Epidemiol. 2010;63:e1–37.)
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There were no instances in which a patient’s procedure

was converted from patient-specific instrumentation to

conventional instrumentation. However, there were intra-

operative modifications of the plan for patients in the

patient-specific instrumentation group. Three patients

required an additional distal femoral resection of 2 mm and

two patients required additional tibial resection of 2 mm

(25% of cases required modification). This was based on

intraoperative judgment by the operative surgeon.

Subjective and objective functional results were ana-

lyzed preoperatively and 3 months postoperatively using

the (1) KSS, (2) KOOS, and (3) SF-12 [27, 43, 54, 62,

64]. Gait parameters were analyzed in our institutional

gait laboratory. The laboratory is fitted with the 3-D

Vicon1 system (Viton, Denver, CO, USA), six cameras,

and two AMTI1 force platforms (Advanced Mechanical

Technology Inc, Watertown, MA, USA) to calculate

spatiotemporal parameters (speed, pace, stride length),

kinematics (knee angles), and kinetics (joint power). The

acquisition was performed according to the ‘‘plug-in-

gait’’ protocol. Thirteen passive markers were used: four

segmental markers at the thighs and shins, two at the

anterosuperior iliac spines, one at the first sacral vertebra,

two at the lateral malleolus, and two on the first meta-

tarsal head. Our analysis was done over a distance of 8

m with two force platforms at 4 m.

The groups were similar regarding age, sex, BMI, side

of procedure, preoperative ROM, Charnley classification,

and preoperative alignment (Table 1).

Statistical Methods

The a priori sample size calculation was based on a differ-

ence in walking speed of 0.1 m/second being associated with

a clinically important difference in patients’ perception [50,

51, 64]. Assuming the variability in walking speed would be

0.13 m/second (which is similar to those reported in other

studies investigating outcomes after TKA) [57, 64], a power

of 90%, and a significance level of 5%, the required sample

size was 18 patients in each group [57, 64]. A post hoc power

analysis found that with the numbers available and our data

distribution we had 80% power to detect a difference of 10

points in KSS.

Data that are descriptive statistics are presented as mean

± SD. Statistical analysis was performed with SPSS1 12.0

(IBM Corporation, Somers, NY, USA). Student’s paired t-

tests were used for intragroup comparison of two variables

and two-sample t-tests were used for intergroup compari-

sons of two variables.

Results

Patient-Reported Outcome Measures

At 3 months postoperatively, there were no differences in

the new KSS, KOOS, or SF-12 between the patient-specific

instrumentation and conventional TKA groups (p =

0.09–0.95) (Table 2). At 3 months postoperatively, all

scores increased in the conventional group compared with

that group’s preoperative scores, except for the KOOS

sport component and SF-12 mental component subscale

(p = 0.008 to p \ 0.0001) (Table 3). Likewise, all scores

were increased in the patient-specific instrumentation

group at 3 months compared with preoperatively, except

the expectation score of the new KSS and the sports and

quality-of-life components of the KOOS (p = 0.017 to p\
0.0001) (Table 3).

Table 1. Preoperative demographic and radiographic data

Variable Patient-specific

instrumentation

Conventional

instrumentation

p value

(n = 20) (n = 20)

Age (years)* 71 (61–81) 71 (55–83) 0.645

Sex ratio (female:male) 12:8 12:8 –

Body mass index

(kg/m2)*

28.3 (20.3–36) 30 (24–41) 0.123

Side (left/right) 12/8 12/8 –

ROM (degrees)* 110 (95–125) 113 (80–125) 0.719

Flexion contracture

(degrees)*

6 (0–10) 6 (0–20) 0.918

Charnley classification

A 17 16 –

B1 3 3 –

B2 0 0 –

C 0 1 –

Preoperative alignment

Varus 14 16 –

Valgus 4 2 –

Neutral 2 2 –

Postoperative alignment

Hip-knee angle

(degrees)*

179 (171–185) 178.3 (171–180) 0.942

Frontal femoral

component angle

(degrees)*

90.1 (84–98) 89.8 (87–97) 0.409

Frontal tibial

component angle

(degrees)*

89.1 (85–96) 88.6 (85–91) 0.472

Tibial slope (degrees)* 5.9 (3–9) 5.85 (4–8) 0.607

* Values are represented as mean (range); the remaining values are

expressed as number of patients.
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Gait Analysis

Three months after surgery, there were no differences in

the analyzed gait parameters between the two groups,

including spatiotemporal (double limb support, single limb

support, walking speed, cadence, stride length) and kine-

matics/kinetics (knee varus angle, knee valgus angle, knee

varus moment, knee valgus moment, knee power genera-

tion, ankle power generation) parameters (p [ 0.05)

(Table 4). At 3 months postoperatively, several spatio-

temporal (single limb support, walking speed, cadence, and

stride) gait parameters improved compared with preoper-

atively in the conventional instrumentation group (p = 0.02

to p \ 0.0001) (Table 5). However, no gait parameters

related to kinematics/kinetics (knee varus angle, knee varus

moment, knee valgus angle, knee valgus moment, knee

power generation, ankle power generation) improved (p =

0.07 to 0.48) (Table 5). For the patient-specific instru-

mentation group, at 3 months postoperatively, three

spatiotemporal parameters improved (walking speed,

cadence, and stride length) (p = 0.04 to p \ 0.0001) and

five kinematics/kinetics parameters improved (knee virus

angle, knee varus moment, knee valgus angle, knee valgus

moment, ankle power generation) (p = 0.03 to 0.004)

(Table 5).

At most recent followup, there were three complications

in the patient-specific instrumentation group and none in

the conventional instrumentation group. Two patients in

the patient-specific instrumentation group had postopera-

tive flexion contractures between 5� and 10�. Both patients

had a preoperative flexion contracture. Neither required

any additional intervention. One patient in the patient-

specific instrumentation group had preoperative patellar

subluxation that continued postoperatively.

Table 2. Comparison of postoperative functional scores between

groups

Score (points) 3 months postoperative

Patient-specific

instrumentation

Conventional

instrumentation

p value

New Knee Society Knee Score

Objective knee score

(/100)

80 ± 7 82 ± 7 0.39

Satisfaction score (/40) 27 ± 7 29 ± 6 0.38

Expectation score (/15) 10 ± 3 14 ± 3 0.09

Functional activity

score (/100)

61 ± 12 61 ± 13 0.91

KOOS

Pain (/100) 35 ± 12 34 ± 12 0.95

Symptoms (/100) 37 ± 10 37 ± 8 0.92

ADL (/100) 49 ± 15 48 ± 13 0.91

Sports (/100) 26 ± 18 25 ± 17 0.91

QOL (/100) 28 ± 13 27 ± 10 0.83

SF-12

Physical Subscale (/100) 35 ± 8 35 ± 6 0.84

Mental Subscale (/100) 57 ± 8 58 ± 10 0.85

Values are mean ± SD; KOOS = Knee Injury and Osteoarthritis Out-

come Score; ADL = activities of daily living; QOL = quality of life.

Table 3. Comparison of preoperative and postoperative functional scores

Score (points) Patient-specific instrumentation Conventional instrumentation

Preoperative 3 months postoperative p value Preoperative 3 months postoperative p value

New Knee Society Knee Score

Objective knee score (/100) 53 ± 13 80 ± 7 \ 0.0001* 51 ± 13 82 ± 7 \ 0.0001*

Satisfaction score (/40) 18 ± 6 27 ± 7 \ 0.0001* 18 ± 7 29 ± 6 \ 0.0001*

Expectation score (/15) 8 ± 3 10 ± 3 0.157 9 ± 3 14 ± 3 0.008*

Functional activity score (/100) 35 ± 14 61 ± 12 \ 0.0001* 32 ± 14 61 ± 13 \ 0.0001*

KOOS

Pain (/100) 22 ± 11 35 ± 12 0.003* 23± 10 34 ± 12 0.001*

Symptoms (/100) 21 ± 8 37 ± 10 \ 0.0001* 22 ± 6 37 ± 8 \ 0.0001*

ADL (/100) 34 ± 15 49 ± 15 0.004* 33 ± 12 48 ± 13 0.0004*

Sports (/100) 18 ± 12 26 ± 18 0.119 17 ± 13 25 ± 17 0.128

QOL (/100) 21 ± 11 28 ± 13 0.075 20 ± 8 27 ± 10 0.003*

SF-12

Physical subscale (/100) 29 ± 7 35 ± 8 0.015* 28 ± 12 35 ± 6 0.001*

Mental subscale (/100) 50 ± 9 57 ± 8 0.017* 51 ± 10 58 ± 10 0.062

Values are mean ± SD; * statistically significant findings; KOOS = Knee Injury and Osteoarthritis Outcome Score; ADL = activities of daily

living; QOL = quality of life.
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Discussion

Patient-specific instrumentation is a tool in the orthopaedic

armamentarium with limited clinical, radiographic, and

cost-effectiveness data. Although proponents of patient-

specific instrumentation contend that it improves align-

ment, reduces costs, and improves operating room

efficiency [24, 41, 44, 56], the many well-designed com-

parative trials have revealed no improvement in alignment,

no reduction in overall cost, and no global savings in time

when the entire process is analyzed [12, 25, 29, 31, 44, 45,

58, 59]. Even more concerning, there are few data

regarding the functional results and gait parameters asso-

ciated with this technology [49]. We hypothesized that the

use of patient-specific instrumentation in TKA could

improve early subjective and objective functional out-

comes. As such, the goals of the current study were to

compare (1) patient-reported outcomes scores, and (2) gait

parameters between patients operated on with patient-spe-

cific instrumentation versus conventional instrumentation

at 3 months postoperative. In this randomized clinical trial

comparing patient-specific instrumentation versus conven-

tional instrumentation, we found no benefit in pain or

function and no comparative improvement in gait param-

eters when patient-specific instrumentation was compared

with conventional TKA.

There are limitations to our study. Foremost, the sample

size is small with 20 patients per group. However, the a

priori power analysis suggested our sample size was ade-

quate to identify a clinically important difference in gait

speed, and the randomized study design helped ensure

similarity between the two populations at baseline, further

mitigating this limitation. Second, the study focused on

only the first 3 months postoperatively, and the results

cannot be extrapolated to longer-term followup. However,

it was our intention to focus on the immediate

Table 4. Comparison of postoperative gait during level walking

(between groups)

Parameter Patient-specific

instrumentation

Conventional

instrumentation

p value

Spatiotemporal

Double limb

support (%)

45 (28–90) 43 (28–58) [ 0.05

Single limb

support (%)

44 (34–74) 43 (30–54) [ 0.05

Walking speed

(m/second)

0.75 (0.28–1) 0.76 (0.5–1.1) [ 0.05

Cadence (steps/m) 93 (54–117) 95 (75–122) [ 0.05

Stride length (m) 0.95 (0.6–1.16) 0.96 (0.1–1.16) [ 0.05

Kinematics/kinetics

Knee varus angle

(degrees)

6.3 (�6 to 16) 6 (�3 to 16) [ 0.05

Knee valgus angle

(degrees)

�4.5 (�17 to 5) �5.8 (�12 to 4) [ 0.05

Knee varus

moment

(Nm/kg)

0.4 (0.2–0.7) 0.38 (0.1–0.7) [ 0.05

Knee valgus

moment (Nm/kg)

�0.05 (�0.2 to 0) �0.1 (�0.2 to 0) [ 0.05

Knee power

generation (W/kg)

0.2 (0.02–0.5) 0.2 (0.01–0.7) [ 0.05

Ankle power

generation (W/kg)

2.3 (0.4–3.6) 2.2 (0.9–4.1) [ 0.05

Values are represented as mean (range).

Table 5. Comparison of preoperative and postoperative gait during level walking

Parameter Patient-specific instrumentation Conventional instrumentation

Preoperative Postoperative p value Preoperative Postoperative p value

Spatiotemporal

Double limb support (%) 49 (38–90) 45 (28–90) 0.2 47 (40–70) 43 (28–58)

Single limb support (%) 40 (30–70) 44 (34–74) 0.2 39 (28–50) 43 (30–54) 0.02

Walking speed (m/second) 0.65 (0.18–0.9) 0.75 (0.28–1) 0.04 0.63 (0.5–0.78) 0.76 (0.5–0.11) 0.004

Cadence (steps/m) 64 (35–90) 93 (54–117) \ 0.0001 66 (38–90) 95 (75–122) \ 0.0001

Stride length (m) 0.83 (0.5–1) 0.95 (0.6–1.16) 0.005 0.81 (0.5–1) 0.96 (0.1–1.16) 0.003

Kinematics/kinetics

Knee varus angle (degrees) 9.8 (�2.8 to 20) 6.3 (�6 to 16) 0.03 9.25 (�3 to 20) 6 (�3 to 16) 0.07

Knee valgus angle (degrees) �8 (�20 to 1.4) �4.5 (�17 to 5) 0.2 �7.95 (�13 to 0) �5.8 (�12 to 4)

Knee varus moment (Nm/kg) 0.5 (0.31–0.79) 0.4 (0.2–0.7) 0.004 0.48 (0.3–0.8) 0.38 (0.1–0.7) 0.13

Knee valgus moment (Nm/kg) �0.12 (�0.29 to 0.019) �0.05 (�0.2 to 0) 0.34 �0.12 (�0.25 to 0.01) �0.1 (�0.2 to 0) 0.51

Knee power generation (W/kg) 0.13 (0.02–0.8) 0.2 (0.02–0.5) 0.29 0.163 (0.02–0.8) 0.2 (0.01–0.7) 0.48

Ankle power generation (W/kg) 1.56 (0.06–2.8) 2.3 (0.4–3.6) 0.005 1.85 (0.06–4) 2.2 (0.9–4.1) 0.28

Values are represented as mean (range).
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postoperative rehabilitative period. Moreover, some studies

on MIS have shown that patient-reported outcome measure

and gait analysis tools are sensitive at detecting changes

during the early recovery period [16, 20, 25, 27, 48].

Finally, as with all motion analysis studies, there are

intrinsic limitations that include variability in gait mea-

surements owing to body anthropometrics and independent

skin motion, definition of the neutral position, and time and

expense of gait analysis [64, 66].

To our knowledge, this is the only investigation to study

multiple patient-reported outcomes of patient-specific

instrumentation, and the only study to complete a gait

analysis. Thienpont et al. [60] retrospectively reported on

10 patients who were treated with patient-specific instru-

mentation for extraarticular deformities and found

improvements in KSS and Oxford knee scores. However,

there was no control group and such improvements would

be expected even without the use of patient-specific

instrumentation. Pietsch et al. [49] completed a randomized

clinical trial of 80 patients divided into groups with con-

ventional instrumentation and with patient-specific

instrumentation. They found no difference in the KSS at 3

months. However, the KOOS, SF-12, and gait parameters

were not analyzed.

To our knowledge, no published study is dedicated to

gait performance analysis after patient-specific instru-

mented TKA with comparison to conventional TKA. As

such, no true assessment can be made with the literature.

Gait analysis objectively documents comprehensive joint

mechanics after TKA, particularly on knee loading and

function with pathologic conditions [28, 64]. In our study,

spatiotemporal parameters, kinematics, and kinetics were

improved in both groups during level walking. The knee

varus angle and moment were decreased, highlighting

correction of the frontal plane deformity after TKA. Our

findings are in accordance with those of previous studies

that showed normalization of the knee varus angle and

moment after TKA regardless of approach or instrumen-

tation used [5, 23, 36, 64].

Five of our 20 patients in the patient-specific instru-

mentation group required intraoperative modification of the

plan. This was surprising given that we specifically per-

formed a thorough review before fabrication of the patient-

specific instrumentation jigs knowing that previous studies

had shown a similar rate [47, 59]. However, this may be

attributable to the substantial difference in our experience

with the two approaches (i.e., conventional instrumentation

performed in thousands of cases versus patient-specific

instrumentation in hundreds of cases). Although we were

past the learning curve when the study was initiated,

patient-specific instrumentation is not our standard of care.

Patient-specific instrumentation did not confer an

advantage in early functional or gait outcomes 3 months

after TKA as assessed by the KSS, KOOS, SF-12, and

comprehensive gait analysis. However, it is possible that

differences may emerge, and this study does not allow one

to predict any additional variances in the intermediate

followup period from 6 months to 1 year postoperatively.

Although patient-specific instrumentation has a role in

certain cases, such as for patients with intramedullary

hardware or extraarticular deformities, its widespread use

is debatable. In addition to longer followup of patient-

reported outcomes and the gait analysis, long-term survi-

vorship analyses are needed.
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