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Abstract

Background While some clinical reports suggest mini-

mally invasive surgical (MIS) techniques improve recovery

and reduce pain in the first months after TKA, it is unclear

whether it improves gait and thigh muscle strength.

Questions/Purposes We hypothesized TKA performed

through a mini-subvastus approach would improve sub-

jective and objective and subjective function compared to a

standard medial parapatellar approach 2 months after

surgery.

Methods We randomized 40 patients into two groups

using either the mini-subvastus approach or standard

medial parapatellar approach. Patients were evaluated

preoperatively and 2 months after surgery. We assessed

subjective functional outcome and quality of life (QOL)

using routine questionnaires (SF-12, Knee Society

Score [KSS], Knee Injury and Osteoarthritis Outcome

Score [KOOS], UCLA activity, patient milestone diary of

activities). We determined isometric strength of the thigh

muscles and assessed gait with a three-dimensional (3-D)

analysis during level walking and stair climbing.

Results We observed improvements from preoperatively

to 2 months postoperatively in functional scores, QOL, and

knee kinematic and kinetic gait parameters during level and

stair walking. Isometric quadriceps strength increased in

both groups, although remaining lower when compared to

sound limbs. We found no differences between the groups in

KSS, SF-12, KOOS, UCLA activity, patient milestone diary

of activities, isometric quadriceps strength, or 3-D gait

parameters, except a marginally higher speed of stair ascent

in the MIS group.

Conclusions Our observations suggest an MIS approach

does not confer a substantial advantage in early function

after TKA.

Level of Evidence Level I, therapeutic study. See

Instructions to Authors for a complete description of levels

of evidence.

Introduction

Over the past decade, several authors have demonstrated

minimally invasive surgical (MIS)-TKA techniques can be

reliably performed and have judged them acceptable in

routine clinical practice [8, 23, 29]. The main goals of MIS

TKA are to minimize surgical trauma, decrease postoper-

ative pain, and improve the rehabilitation and early

functional recovery after surgery [8, 29]. While the defi-

nition of MIS TKA is the subject of debate, many authors

would include a smaller skin incision, minimal disruption

of the suprapatellar pouch, no eversion of the patella, no
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dislocation of the tibiofemoral joint, and minimal disrup-

tion of the quadriceps tendon [8, 29, 32, 33]. MIS-TKA

procedures have evolved to include the use of surgical

instrumentation designed specifically to minimize soft tis-

sue damage and accommodate the smaller exposure [8, 10,

29]. Surgeons have described several surgical approaches,

including the mini-parapatellar approach [13], the quad-

sparing approach [20], and the mini-subvastus approach [8,

29]. Anatomic and clinical studies show the mini-subvastus

approach provides a good exposure through a small inci-

sion, preserves all four attachments of the quadriceps to the

patella, does not require patella eversion, minimizes dis-

ruption in the suprapatellar pouch, and allows a rapid and

reliable closure of the knee [10, 32, 33, 39, 48]. Clinical

trials suggest patients who underwent a MIS TKA using a

mini-subvastus approach benefit in the short term from

quicker recovery time, active straight-leg raising, improved

early gains in flexion, reduced pain scores and analgesic

use, improved quadriceps strength, and shortened length of

postoperative stay within the first months after surgery

when compared to a standard medial parapatellar approach

[6, 17, 33, 34, 40, 48]. Other authors have raised concerns

about the potential for perioperative complications, com-

ponent malposition issues, and lack of convincing data

regarding long-term benefit with MIS techniques [5, 6, 9,

11, 45]. Even some advocates of MIS approaches have

suggested any short-term improvements in function must

be weighed against the downsides of a longer operation and

a higher risk of complications [5, 6, 9, 11, 45]. Moreover,

beside patient-reported outcome and clinical evaluation

based on surgeon examination, the usefulness and the

potential benefits of MIS TKA have never been evaluated

in a randomized controlled trial using patient’s objective

functional outcome parameters with comprehensive gait

analysis and strength testing outcomes during the early

rehabilitation period 2 months after TKA.

We hypothesized TKA performed through a mini-sub-

vastus approach would result in improved subjective and

objective function compared to a standard medial parapa-

tellar approach 2 months after surgery.

Patients and Methods

We identified 40 patients scheduled to undergo a primary

unilateral TKA between May 2007 to May 2011 who

volunteered to participate in the study (Fig. 1) [42]. The

initial diagnosis was unilateral knee osteoarthritis (OA)

affecting predominantly the medial tibiofemoral compart-

ment (Kellgren-Lawrence grade C 3) in patients between

45 and 80 years old [19]. We excluded patients if they had

pain or other symptoms of OA on other lower limb joints

Patients assessed for eligibility 
(n = 40) 

Patients excluded (n = 3) 
♦ Not meeting inclusion criteria (n = 0) 
♦ Declined to participate (n = 3) 
♦ Other reasons (n = 0) 

Analyzed (n = 18) 

Excluded from analysis (n = 0)

Lost to followup (n = 1) 

Discontinued intervention (n = 0) 

Knees allocated to mini-subvastus approach 
(n = 19) 
♦ Received allocated intervention (n = 19)

♦ Did not receive allocated intervention (n = 0)

Lost to followup (n = 0) 

Discontinued intervention (n = 0) 

Knees allocated to standard parapatellar approach 
(n = 18) 
♦ Received allocated intervention (n = 18)

♦ Did not receive allocated intervention (n = 0)

Analyzed (n = 18) 

Excluded from analysis (n = 0) 

Allocation

Analysis

Followup

Randomized (n = 37) 

Enrollment
Fig. 1 A flow diagram illustrates

patients’ enrollment, allocation,

followup, and analysis [42].
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(ie, contralateral hip, knee, and ankle and ipsilateral hip

and ankle), a preoperative knee flexion of lower than 90�, a

valgus or varus knee deformity of greater than 15�, other

substantial neurologic or musculoskeletal disorders or

diseases (including congenital and developmental etiology)

that may affect normal gait or weightbearing ability, his-

tory of previous hip and/or knee surgery, a BMI of greater

than 40, pregnancy, or presence of infectious diseases.

During the study period, we scheduled a total of

525 patients for primary unilateral TKA. Three patients

matching the inclusion criteria were excluded as they

declined to participate in the study (Fig. 1). Thirty-seven

patients were randomized into two groups: a mini-

subvastus approach group (MIS group, 19 patients) and a

standard medial parapatellar approach group (control

group, 18 patients) (Fig. 1). The randomization occurred

before surgery to assign patients to a specific treatment

group in an unbiased manner. The assigned treatment was

generated by a computerized randomization program

administered by our department of biostatistics and

dynamically balanced the two groups based on age, sex,

and BMI. Both the patient and the evaluator physiothera-

pist were blinded regarding the surgical approach. One

patient in the MIS group was lost to followup as he did not

return for the postoperative evaluation and did not respond

to telephone calls or letters (Fig. 1). Therefore, 18 patients

in both groups were analyzed in this study. No differences

were found between the patients in the two groups related

to the following preoperative parameters: age, sex ratio,

BMI, and involved limb side (Table 1). Institutional review

board approval and written informed consent were

obtained from each patient before their involvement in the

study.

The sample size calculation was based on a difference in

walking speed of 0.1 m/second being associated with a

clinically important difference in patient’s perception of

their walking ability, improved health status, improved

physical function, fewer basic disabilities, fewer instru-

mental disabilities, fewer hospitalization days, and 1-year

cost reductions of health care [35, 37]. Assuming the var-

iability in walking speed would be 0.13 m/second, which is

similar to other studies evaluating outcomes after TKA

[44], a power of 90%, and a significance level of 5%, the

required sample size was 18 patients in each group.

TKA was performed at our institution by a single

experienced surgeon (MWP). All patients received the

same cemented tricompartmental posterior-stabilized

prosthesis with a mobile bearing (Sigma1 RP knee system;

DePuy Orthopaedics, Inc, Warsaw, IN, USA). The patella

was systematically resurfaced with a cemented oval-dome

component. Only the surgical approach for inserting the

components differed between the two groups. All patients

had peripheral nerve blockade with an indwelling femoral

nerve catheter and a single-shot sciatic nerve block pre-

operatively. Intraoperative anesthesia was performed with

either spinal or general anesthesia at the discretion of the

anesthesiologist. All procedures were performed using a

tourniquet that was released before closure and with

instrumentation specifically dedicated to MIS TKA. In the

MIS group, the procedures were performed using an opti-

mized mini-subvastus approach described previously [33].

In this optimized approach, the proximal limb of the

arthrotomy was made at the midpole of the patella at a 50�
angle relative to the long axis of the femur and stayed

parallel to the inferior edge of the vastus medialis obliquus

muscle. Therefore, the entire broad and robust tendinous

insertion of the vastus medialis obliquus muscle to the

patella was spared and consequently provided an ideal

location to place the retractors without damaging the

quadriceps muscle [33, 39]. In addition, the patella was not

everted and the tibiofemoral joint was not dislocated except

during the definitive placement of the tibial tray. In the

control group, a standard medial parapatellar approach was

performed with patellar eversion. Patients were admitted to

the hospital after surgery and a 2- or 3-day stay was rou-

tine. All patients received appropriate anticoagulation for

deep venous thrombosis prophylaxis and routine postop-

erative antibiotic prophylaxis. No peri- or postoperative

surgical complications were reported.

The same postoperative physical rehabilitation protocol

was used for each patient regardless of group. Structured

physical therapy was begun the day after surgery and con-

tinued during the hospitalization period. The patients were

instructed to sit up at the bedside the evening of their sur-

gery and to begin ambulating with assistance the day after

surgery. Active ROM was encouraged and full weight-

bearing ambulation was allowed on Postoperative Day 2

when quadriceps inhibition from the femoral nerve block

had ceased. Discharge was allowed when patients could

ambulate 30 m, ascend and descend three steps, and had

pain well controlled with oral medications. Patients were

sent home with three specific knee ROM exercises and

Table 1. Comparison of preoperative patient baseline characteristics

between the two groups

Characteristic Mini-

subvastus

approach

Medial

parapatellar

approach

p value

Age (years)* 67 ± 8 64 ± 7 0.630

Sex ratio (female:male) 3.5:1 3.5:1

BMI (kg/m2)* 30 ± 6 31 ± 4 0.630

Side (left/right) 11/7 11/7

* Values are expressed as mean ± SD; the remaining values are

expressed as number of patients.
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encouraged to seek formal physical therapy on an outpatient

basis two or three times per week for the first month.

Each patient was evaluated preoperatively and 2 months

postoperatively in the Biomechanics and Motion Analysis

Laboratory. Evaluation was performed by a physiotherapist

blinded to the surgical approach and not involved in any

other aspect of the patient’s management, care, or reha-

bilitation. The preoperative and postoperative evaluations

entailed a physical examination with specific evaluation of

pain, patient’s function, knee motion, and gait. The fol-

lowing parameters were assessed: (1) patient’s subjective

function and perceived quality of life (QOL) survey eval-

uated by the Knee Society Score (KSS) [16], Knee Injury

and Osteoarthritis Outcome Score (KOOS) [38], SF-12

[49], and UCLA activity score [3, 49]; (2) return to normal

activities of daily living (ADL) recorded by the attainment

of early functional milestones; (3) thigh muscle strength;

and (4) patient’s objective functional outcome using three-

dimensional (3-D) gait analysis methods to study level

walking, stair ascent, and stair descent.

In addition, each patient received a milestone diary to

record the specific time when he/she discontinued using

walker, crutches, or cane or taking narcotic pain medica-

tion or when he/she returned to carrying out normal ADL

(defined as the time when the patient felt safe to be left at

home all day with no additional help), driving a car,

negotiating stairs independently without a walker or cane,

or walking a six-block distance.

The thigh muscle strength was measured isometrically

(Biodex1 System 3 Pro; Biodex Medical Systems, Inc,

Shirley, NY, USA) [4, 25, 46]. The patients were seated on

the testing bench with 100� of hip flexion, the back sup-

ported in a comfortable position, and the pelvis and tested

thigh stabilized with a belt or a strap to minimize extra-

neous body movements. The testing was completed at 60�
of knee flexion, which represents the angle for maximal

isometric quadriceps force generation [25]. The patients

warmed up by performing a series of submaximal isometric

contractions of the knee extensor and flexor muscles. The

patients were then asked to produce their maximal effort as

fast and forcefully as possible and to maintain the con-

traction for 5 seconds. Three 5-second trials of maximal

strength effort were collected with a 30-second rest period

between contractions. The maximum value of peak torque

obtained across the three trials was used.

Gait analysis was performed in a motion analysis labo-

ratory environment equipped with a 10-infrared camera

motion capture system sampling at 60 Hz (EvaRT 5.041;

Motion Analysis Corp, Santa Rosa, CA, USA) [18].

Retroreflective markers were placed at bony prominences

of the iliac crest, lateral thigh, lateral and medial aspects of

the knee, fibular head, lateral malleolus, posterosuperior

part of the calcaneal tubercle, and fifth metatarsal head to

define the anatomic coordinate system for the pelvis, thigh,

shank, and foot. The ground reaction forces were collected

at 600 Hz using two AMTI BP24161 force platforms

(Advanced Mechanical Technology Inc, Watertown, MA,

USA) and two Kistler 9281B1 force platforms (Kistler

Instrument Corp, Amherst, NY, USA) embedded in the

floor in the center of the calibration volume. During stair

negotiation, motion was tracked as the patients ascended

and descended a seven-step flight of stairs of standard

dimension (rise = 16.5 cm; tread = 27.5 cm). Two AMTI

ZBP2456001 force platforms (Advanced Mechanical

Technology) were mounted on the third and fourth step for

kinetic data acquisition at 600 Hz. One set of data corre-

sponding to the standing position (static data) was acquired

to define the location of the joint centers. After patient

instruction and orientation, gait analysis was performed

while the patients walked barefoot at a self-selected com-

fortable speed over a 15-m level walking or during stair

ascent and descent. Three successful trials (full contact on

the force plate and all camera views) were collected for

each condition. The 3-D marker trajectories were smoothed

using a two-pole, low-pass Butterworth filter implemented

with time reversal to induce zero phase lag and a cutoff

frequency of 7.4 Hz given the 60-Hz sampling frequency.

The 3-D marker coordinate data and force plate data

were used as input to a commercial software program

(Visual3D1 4.0; C-Motion, Germantown, MD, USA) to

calculate the joint kinematics and kinetics. The gait cycle

periods were selected by heel strike to heel strike events.

All gait events were expressed as a percentage of the gait

cycle, irrespective of the actual time for a stride, to yield a

normalized gait cycle. The joint moments were reported as

internal moments normalized by body mass (kilograms) to

minimize discrepancies between patients due to body size

and sex. The peak and SD of the joint angles during the gait

cycle and joint kinetics during the stance phase were

extracted as variables of interest in all three planes for the

hips, knees, and ankles. For each gait condition, the vari-

ables acquired from the three trials were averaged for data

analysis. Furthermore, spatiotemporal parameters were

extracted and analyzed.

Data descriptive statistics are presented as mean ± SD.

We compared qualitative variables using the chi-square

test. We analyzed quantitative and continuous variables

using the following parametric tests: (1) Student’s paired

t-tests for intragroup comparison of two variables and

(2) two-sample t-tests for intergroup comparison of two

variables. We performed statistical analyses using SPSS1

19.0 (IBM Corp, Somers, NY, USA).
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Results

At 2 months postoperatively, we found improvement

(p \ 0.001–0.003) in all scores in both groups compared to

preoperatively, except for the SF-12 mental component

subscale in both groups and the KOOS sports and recrea-

tion function dimension in the standard-TKA group

(Table 2). There were no differences between groups as

assessed by clinical scores, patients’ perceived functional

outcome, and QOL surveys at 2 months postoperatively.

We found no differences in pain relief between groups in

the KSS and KOOS pain subscales (p = 0.24 and 0.13,

respectively). There were no differences in ADL and

function between groups in the KSS function, KOOS ADL,

and SF-12 physical subscales and UCLA activity scale

(p = 0.09–0.91). We observed no differences in the

patients’ self-assessed QOL between groups in the KOOS

QOL and SF-12 mental subscales (p = 0.48 and 0.79,

respectively). We also found no differences between

groups (p = 0.14–1.00) in patients’ attainment of func-

tional milestones early after surgery as assessed by the

patient milestone diary (Table 3).

At 2 months postoperatively compared to preopera-

tively, isometric quadriceps strength increased in both

groups (p = 0.022 and 0.038, respectively), but both

groups remained weaker compared to the nonoperated knee

(p = 0.007 and 0.002, respectively) (Table 2). The flexion

strength of the involved knee was also consistently weaker

than that of the nonoperated knee (p = 0.005–0.010).

There was no difference between groups in either the iso-

metric quadriceps strength as assessed by the isometric

knee extension peak (p = 0.79) or the knee flexion strength

of the operated knee at 2 months postoperative.

At 2 months postoperatively compared to preoperatively,

we observed improvements in each of the spatiotemporal

parameters of gait in both the MIS group (Table 4) and the

control group (Table 5). The involved single-limb support

time increased (p = 0.022 and p = 0.004, respectively);

double-limb support time decreased (p = 0.003 and

p = 0.002, respectively); and walking speed and stride

length increased (p \ 0.0001–0.005). We found no differ-

ences between groups in the spatiotemporal gait parameters

during level walking or stair climbing at 2 months postop-

erative (p = 0.068–0.94), except that stair ascent was

Table 2. Pre- and postoperative function scores and thigh musculature strength for the two groups

Score/Strength Mini-subvastus approach Medial parapatellar approach

Preoperative Two months

postoperative

p value Preoperative Two months

postoperative

p value

KSS (points)

Total (/100) 49 ± 14 81 ± 7 \ 0.0001 46 ± 12 76 ± 14 \ 0.0001

Function (/100) 58 ± 9 81 ± 10 \ 0.0001 59 ± 8 81 ± 16 \ 0.0001

Pain (/100) 19 ± 8 47 ± 5 \ 0.0001 19 ± 7 44 ± 10 \ 0.0001

KOOS (points)

Pain (/100) 17 ± 5 27 ± 6 \ 0.0001 18 ± 5 30 ± 6 \ 0.0001

Symptoms (/100) 15 ± 4 20 ± 5 0.003 16 ± 3 24 ± 5 \ 0.0001

ADL (/100) 30 ± 9 52 ± 8 \ 0.0001 29 ± 7 52 ± 12 \ 0.0001

Sports (/100) 13 ± 5 21 ± 4 0.003 17 ± 5 20 ± 4 0.900

QOL (/100) 9 ± 2 16 ± 3 \ 0.0001 11 ± 3 18 ± 3 \ 0.0001

SF-12 (points)

Physical subscale (/100) 30 ± 8 41 ± 8 0.002 32 ± 6 44 ± 7 \ 0.0001

Mental subscale (/100) 54 ± 9 56 ± 7 0.600 54 ± 8 56 ± 6 0.603

UCLA activity level 4 ± 1 7 ± 1 \ 0.0001 4 ± 1 6 ± 1 \ 0.0001

Strength of thigh musculature (Nm)

Involved knee extension 73.51 ± 11.98 89.26 ± 13.02 0.022 71.23 ± 12.19 85.35 ± 12.02 0.038

Noninvolved knee extension 104.51 ± 14.62 104.61 ± 14.29 0.983 101.12 ± 16.63 106.22 ± 16.59 0.160

p value 0.002 0.007 0.007 0.002

Involved knee flexion 52.14 ± 19.78 53.87 ± 19.51 0.630 49.84 ± 12.64 53.25 ± 12.02 0.468

Noninvolved knee flexion 62.93 ± 13.50 61.15 ± 12.77 0.666 63.19 ± 15.06 62.36 ± 12.06 0.826

p value 0.009 0.010 0.005 0.009

Values are expressed as mean ± SD; KSS = Knee Society Score; KOOS = Knee Injury and Osteoarthritis Outcome Score; ADL = activity of

daily living; QOL = quality of life.
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marginally faster (p = 0.018) in the MIS group

(0.44 ± 0.02 versus 0.41 ± 0.04 m/second, respectively).

We also found improvements in each of the kinematic and

kinetic parameters of gait for all walking conditions for both

the MIS group (Table 4) and the control group (Table 5).

Along with an increase in knee valgus angle, knee varus

angle and moment decreased in the MIS group (p \ 0.0001–

0.005) and knee varus moment decreased in the standard-

TKA group (p = 0.044). Knee power generation increased

during level walking in both groups, as well as during stair

ascent in the control group (p \ 0.0001–0.048). Knee

extension moment and knee power absorption were

improved in both groups during stair descent (p = 0.007–

0.038). In addition, ankle plantarflexion moment and power

generation of the involved lower limb in both groups, as

well as ankle power absorption in the control group,

increased during level walking (p = 0.014–0.048). No dif-

ferences in the kinematic and kinetic gait parameters during

level walking or stair climbing were detected between

groups at 2 months postoperatively (p = 0.65–0.98).

Discussion

Patient expectations and demands after TKA have

increased in recent years [28, 31]. Prolonged postoperative

Table 3. Patients’ time to early functional milestone attainments in the two groups

Milestone Number of postoperative days

Mini-subvastus approach Medial parapatellar approach p value

Discontinue walker 11.50 ± 7.58 11.50 ± 8.74 1.00

Discontinue cane 14.44 ± 11.01 19.94 ± 14.29 0.21

Discontinue narcotic pain medication* 15.78 ± 10.49 15.8 ± 12.54 0.98

Drive a car 21.59 ± 8.49 26.56 ± 10.62 0.14

Negotiate stairs independently without walker/cane 17.82 ± 8.34 21.22 ± 11.38 0.32

Walk a six-block distance 27.06 ± 11.62 31.64 ± 15.46 0.33

Take care for normal daily activity 11.83 ± 11.63 12.56 ± 10.00 0.84

Values are expressed as mean ± SD; * including Oxycontin1, Percocet1, Tylenol1 2 or 3, or Demerol1.

Table 4. Pre- and postoperative gait during level walking and stair negotiation of patients receiving the mini-subvastus approach

Parameter Preoperative Two months postoperative p value

Spatiotemporal

Level walking

Double-limb support (%) 32 ± 6 29 ± 4 0.003

Involved single-limb support (%) 34 ± 4 38 ± 2 0.022

Walking speed (m/second) 0.85 ± 0.15 0.97 ± 0.16 \ 0.0001

Cadence (steps/minute) 31.58 ± 5.72 35.68 ± 5.61 \ 0.0001

Stride length (m) 0.99 ± 0.14 1.09 ± 0.13 \ 0.0001

Kinematics/Kinetics

Level walking

Knee varus angle (�) 8.02 ± 3.52 3.88 ± 4.21 0.005

Knee valgus angle (�) 1.58 ± 3.06 5.66 ± 3.10 \ 0.0001

Knee varus moment (Nm/kg) 0.41 ± 0.18 0.32 ± 0.08 0.005

Ankle plantarflexion moment (Nm/kg) 1.08 ± 0.18 1.18 ± 0.14 0.030

Knee power generation (W/kg) 0.25 ± 0.14 0.52 ± 0.18 \ 0.0001

Ankle power generation (W/kg) 1.45 ± 0.55 1.69 ± 0.51 0.014

Up stairs

Knee flexion angle (�) 80.45 ± 5.17 89.23 ± 2.72 0.009

Down stairs

Knee extension moment (Nm/kg) 0.20 ± 0.06 0.31 ± 0.02 0.007

Knee power absorption (W/kg) 1.37 ± 0.44 1.55 ± 0.46 0.038

Values are expressed as mean ± SD.
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pain and delayed return of function remain the two greatest

concerns of today’s patient and may contribute to dissat-

isfaction after TKA [28, 31, 47]. Some surgeons have

suggested MIS TKA might result in earlier hospital dis-

charge, quicker functional recovery, and better patient

satisfaction [7, 23, 29]. However, at least three recent meta-

analyses raise questions as to whether quicker recovery and

better satisfaction are consistently associated with MIS

TKA [9, 11, 45]. During the evolution of MIS TKA, there

has also been the introduction of advanced pain manage-

ment protocols, rapid rehabilitation protocols, early

hospital discharge protocols, and comprehensive patient

education initiatives. Objective evidence of a clear and

convincing benefit of MIS-TKA techniques over standard-

TKA techniques when both are coupled with advanced

anesthetic, pain management, and rapid rehabilitation

protocols has been lacking. We specifically determined

whether TKA performed through a mini-subvastus

approach would result in an improved functional outcome

when compared to a standard medial parapatellar approach

2 months after surgery as assessed by comprehensive gait

analysis, strength testing, a patient milestone diary of

activities, and multiple questionnaire-based outcome tools.

In addition to intrinsic limitations common to all motion

analysis studies (ie, variability in gait measurements due to

body anthropometrics and independent skin motion, defi-

nition of the neutral position, and time and expense of gait

studies), our study presented with some limitations [12, 43,

50]. The first limitation is due to our limited sample size of

18 patients/group. Although the two populations were

homogeneous in both the pre- and postoperative periods, a

larger sample size might reveal differences in the objective

functional outcome parameters not found in our study.

However, the meaningfulness of such differences remained

of unclear clinical importance to the patients. Second,

despite the fact that the study covered a short but critical

term when the benefits of the MIS approach to TKA are

maximal, this 2-month followup does not allow one to

determine any additional improvement in an intermediate-

term followup period of 6 months to 1 year postoperatively

or any potential adverse long-term effects such as higher

failure rates. However, our study was focused on the

potential benefits of MIS TKA during the early recovery

period.

Despite a strict surgical protocol to ensure no extensor

mechanism disruption, no patella eversion, and no knee

dislocation during the procedure in the MIS group [32, 33],

our results did not demonstrate any differences in objective

functional outcome between the MIS- and standard-TKA

groups. In our study, there was no difference of the mini-

subvastus approach when compared to medial parapatellar

approach in terms of postoperative pain reduction, patient’s

perceived functional outcome and QOL, quadriceps

strength, or gait performance 2 months after TKA. In

Table 5. Pre- and postoperative gait during level walking and stair negotiation of patients receiving the standard medial parapatellar approach

Parameter Preoperative Two months postoperative p value

Spatiotemporal

Level walking

Double-limb support (%) 32 ± 5 29 ± 3 0.002

Involved single-limb support (%) 33 ± 3 35 ± 2 0.004

Walking speed (m/second) 0.89 ± 0.25 1.02 ± 0.17 0.005

Stride length (m) 1.05 ± 0.21 1.16 ± 0.14 0.003

Kinematics/Kinetics

Level walking

Knee varus moment (Nm/kg) 0.35 ± 0.18 0.26 ± 0.08 0.044

Ankle plantarflexion moment (Nm/kg) 1.17 ± 0.31 1.23 ± 0.24 0.028

Knee power generation (W/kg) 0.22 ± 0.16 0.31 ± 0.10 0.018

Ankle power generation (W/kg) 1.48 ± 0.56 1.80 ± 0.70 0.016

Ankle power absorption (W/kg) 0.56 ± 0.17 0.65 ± 0.20 0.048

Up stairs

Knee flexion angle (�) 79.09 ± 5.06 84.36 ± 4.77 0.029

Knee power generation (W/kg) 0.68 ± 0.31 1.09 ± 0.60 0.048

Down stairs

Knee flexion angle (�) 78.38 ± 7.70 84.59 ± 5.23 0.048

Knee extension moment (Nm/kg) 0.19 ± 0.13 0.34 ± 0.12 0.013

Knee power absorption (W/kg) 1.25 ± 0.45 2.02 ± 0.69 0.024

Values are expressed as mean ± SD.
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addition, patients did not recover faster after MIS TKA

than after conventional TKA as measured by the attainment

of functional milestones in the early postoperative period.

Our finding of no substantial objective functional benefit

of MIS TKA as compared to standard TKA stands in dis-

tinction to previous randomized controlled trials in which

patients achieved and sustained better perceived functional

outcomes, higher knee flexion, earlier straight-leg rise, ear-

lier ambulation, or less pain after surgery [6, 17, 34, 40, 41,

48]. However, in our study, the same patient education, rapid

rehabilitation, and optimized multimodal pain regimen with

femoral nerve block and local injection were systematically

applied in both groups regardless of surgical approach [21,

24]. Differences in the pain management, rehabilitation, and

patient education protocols in the published cohort studies

could be an important confounding factor and strongly

influence the early postoperative rehabilitation and recovery.

Rapid rehabilitation protocols reportedly accelerate recov-

ery after TKA, including those performed using a standard

surgical approach, and are useful in reducing the length of

hospital stay [15, 24]. Reduced postoperative pain, higher

knee flexion, and early walking day and straight-leg rise can

be objectively compared only when the patient education,

pain management, and rehabilitation protocols are the same

between the surgical groups.

While we found no differences in perioperative com-

plications between the MIS- and standard-TKA groups,

other authors have encountered surgical technical difficul-

ties with MIS techniques [5, 6, 11, 34]. In our study, the

low rate of complications, particularly in the MIS group,

might be attributable to the high-volume experience in MIS

TKA performed at our institution or simply reflect the

relatively small number of knees included in this trial [1,

8]. A meta-analysis reviewing complications related to

MIS TKA suggested MIS approaches offered early but

short-lived benefits for patients at the expense of a longer

operation and a higher risk of complications, such as

patellar ligament injury or rupture, lateral femoral condylar

fracture, femoral notching, peroneal nerve palsy, gross

component malposition, delayed wound healing due to

excessive retractor tension, and skin necrosis or infections

as a consequence of a reduced access and overall visibility

[11]. In addition, Barrack et al. [5] showed, in a consecu-

tive series of TKA revisions performed at three referral

centers, the limited exposure in MIS TKAs predisposed to

malrotation and/or malalignment and ligament imbalance

or instability that may lead to early failure within

24 months in younger patients when compared with the

standard procedure.

To our knowledge, no published study is dedicated to

gait performance analysis after MIS TKA with direct

comparison to conventional TKA. Gait analysis can

objectively document comprehensive joint mechanics after

TKA particularly on knee loading and function with

pathologic conditions [18, 22, 26]. In our study, the sagittal

plane kinematics and kinetics were improved in the two

groups during stair negotiation. Importantly, the knee

extension moment and power absorption were enhanced in

both groups during stair descent and corresponded to an

improved function and loading condition for stabilizing

and damping the body weight excursion during a chal-

lenging locomotor task. This is the first study to report knee

mechanics during stair descent after TKA, and thus, no

comparison for this task could be made with the literature.

In addition, the kinematics and kinetics in the frontal plane

were also improved in the two groups during level walking.

Importantly, the knee varus angle and moment were

decreased, highlighting the frontal plane knee deformity

correction after TKA. Our results were in accordance with

previous studies showing a normalization of the knee varus

angle and moment as a result of surgery when compared

with normal subjects and underlined the tibiofemoral joint

realignment effect of TKA [2, 14, 27, 30, 36]. Therefore,

all these improvements in knee kinematics and kinetics

parameters found in our study corresponded to improve-

ments in gait after TKA and should be considered as higher

impact attenuation ability and functional changes toward a

more asymptomatic pattern regardless of the surgical

approach used.

In conclusion, we found no substantial differences

between TKA using the MIS approach and the standard

medial parapatellar approach with regard to function at

2 months after surgery as assessed by comprehensive gait

analysis, strength testing, patient milestone diary of daily

activities, and multiple questionnaire-based outcome tools.

In the contemporary setting where advanced anesthetic,

pain management, rapid rehabilitation, and patient educa-

tion protocols are employed routinely, an MIS approach

does not appear to confer a substantial advantage in regard

to early functional outcome after TKA.
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