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Abstract

Background  Minimally invasive knee arthroplasty seeks
to diminish the problems of traditional extensile exposures
aiming for more rapid rehabilitation of patients after
surgery.

Questions/purposes To determine if the subvastus
approach results in less perioperative pain and blood loss,
shorter hospital stay, and improved function at both early
and long-term followup.
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Methods  One hundred patients were enrolled in a pro-
spective, randomized trial. Fifty were operated on using a
minimally invasive subvastus approach and the other 50 by
a conventional, peripatellar approach. Minimum followup
was 3 years. A repeated-measures analysis of variance was
used to compare the Knee Society score and range of
motion during followup.

Results  The minimally invasive approach resulted in
greater perioperative bleeding but no increase in transfu-
sions. No differences were found in postoperative pain
between groups nor did hospital stay show any differences.
The range of motion on the third day after surgery was
greater in the minimally invasive group. No differences
were found in surgical time, femoral or tibial component
orientation or outliers, or complication rates. Both Knee
Society score and range of motion were superior using the
minimally invasive subvastus approach during followup
out to 36 months.

Conclusions  The minimally invasive subvastus approach
can result in improved long-term Knee Society scores and
range of motion of total knee arthroplasty without
increased risk of component malalignment, surgical time,
or complication rate.

Level of Evidence Level 1, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

No universally accepted definition for minimally invasive
surgery exists. It is defined as a minimally invasive tech-
nique in which the skin incision and surgical dissection
have been modified to reduce the surgical morbidity
associated with any procedure [11, 16]. This definition
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discriminates between techniques that involve only a
smaller skin incision (mini-incision techniques) and those
techniques properly called minimally invasive techniques.
In minimally invasive techniques the skin incision is
decreased but, in addition, the subvastus insertion is con-
served, the patella is not everted, and the joint is not
dislocated or hyperflexed until definitive placement of the
tibial component. Less tissue injury with minimally inva-
sive techniques has been demonstrated in other orthopaedic
surgery fields through acute phase reactant analysis [6].
This decrease could produce advantages in terms of less
bleeding, and postoperative pain, as well as shortened
recovery time. However, poor exposure and visualization
of important landmarks could precipitate inadequate ori-
entation of the components or increase complication rates.

Some consensus exists regarding the surgical modifica-
tions that are required to provide a minimally invasive
TKA [1, 2, 7, 13, 22, 23]. The skin incision should be
reduced (8-13 cm). The vastus medialis insertion should
be preserved. The patella should not be everted and tibio-
femoral dislocation avoided. Knee hyperflexion should be
minimized and used principally for placing the tibial
component. Moreover, specially designed retractors,
guides, and cutting blades are recommended to minimize
soft tissue damage.

During the last decade, several minimally invasive knee
approaches using some of these features have been de-
scribed by several authors. These include a minimally
invasive subvastus approach [4]; a minimally invasive
midvastus approach [14]; a medial miniparapatellar
approach [21]; and the quadriceps-sparing approach [23].
Some cadaveric studies have suggested that, among these
approaches, only the minimally invasive subvastus
approach preserves the vastus medialis attachment to the
medial side of the patella [17, 24]. From this point of view,
we argue that it is the only approach that could be strictly
named a minimally invasive approach.

The advantages of minimally invasive techniques in
TKA are still debated in all orthopaedic forums. Despite
the large number of existing papers, there are hardly any
well-designed trials capable of providing high levels of
evidence [6]. This study was designed to address this
need. Three research questions were raised: (1) Is the
minimally invasive subvastus approach capable of pro-
viding advantages over traditional exposure with respect
to decreasing perioperative bleeding, diminishing post-
operative pain, or accelerating early recovery? (2) Does
this approach introduce disadvantages compared with
traditional exposures such as increasing surgical time,
component malalignment, or complication rates? (3) Are
the Knee Society score and ROM improved with the
minimally invasive subvastus approach compared with
traditional exposures?

Patients and Methods

A prospective, randomized trial was designed. One hun-
dred patients were enrolled in this trial. To calculate the
appropriate number of patients, a meaningful difference of
10% in each variable was supposed with statistical power
of 80% (B type risk 0.8). This power analysis provided
different sample sizes from 84 to 98 so a sample size of 100
was chosen. Patients were selected according to the fol-
lowing inclusion criteria: knee osteoarthritis and
willingness to participate in the trial. Patients with knee
flexions contracture greater than 10°, varus greater than
20°, valgus greater than 15°, body mass index greater than
40 kg/m?, or those who previously had knee surgery were
excluded. Using a table of randomized numbers, the
patients were divided into two groups of 50 members; in
one group, TKAs were implanted using a minimally
invasive subvastus approach (MIS Group). In the other
group, the patients were operated on through a classic
parapatellar approach (Control Group). No differences
were found between the groups related to the following
preoperative parameters: age, gender, weight, body mass
index, preoperative hemoglobin values, preoperative global
Knee Society score, objective or functional scores, preop-
erative  ROM, and preoperative long-leg knee axis
(Table 1).

All procedures were performed by the same surgeon
(JRVG), who has broad experience in both conventional
and minimally invasive TKA. A cemented Nexgen®
(Zimmer®), Winterthur, Switzerland) prosthetic model was
implanted in all patients. Minimally invasive procedures
were performed using the modified subvastus technique
described by Boerger and colleagues [4]. The patient was
placed in a standard fashion with the tourniquet placed
around the upper thigh. The tourniquet was inflated at the
start of the procedure and released after placement of
definitive components to secure hemostasis. A longitudinal
patella-centered skin incision was created with a slight
medial inclination from the superior pole of the patella to
below the joint line. An inverted L-shaped arthrotomy was
made along the medial side of the patella and the inferior
border of the vastus medialis. The tibial osteotomy was
performed first using a specifically designed extramedul-
lary guide that incorporates a 7° posterior slope. Second,
femoral preparation was performed using the specifically
designed minimally invasive intramedullary guide with the
previously measured valgus (on long-leg radiograph) and
3° of external rotation. The patella was resurfaced in all
cases. In some cases, the patellar cut was made at the start
of the bone resections to provide improved exposure. In no
cases was the patella everted or was the joint dislocated or
overflexed except during the definitive placement of the
tibial component. The patients included in the standard
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surgery group were operated on using the classic medial
parapatellar approach with patellar eversion.

All patients received prophylaxis to prevent infection by
administration of 2 g of cefazolin 1 hour before surgery
and 1 g every 8 hours for 24 hours. Deep venous pro-
phylaxis consisted of administration of 40 or 60 mg
enoxaparinus 12 hours before surgery and then each 24
hours for 6 weeks. All patients followed the same post-
operative protocol. Ambulation and knee ROM exercise
were started the day after surgery. No rapid recovery
protocol was applied in any patient. Pain medication was
administered only if the patient required it according to the
following protocol: 1 g metamyzol each 8 hours and
50 mg meperidine if metamyzol was not enough. After
hospital discharge, the patients were reviewed at 1 month,
3 months, 1 year, and 3 years.

Perioperative bleeding was assessed as follows: hemo-
globin values at 6 and 48 hours after surgery were
measured. Postoperative hemoglobin was compared with
the preoperative value at 6 and 48 hours after surgery.
Postoperative drainage, measured by calibrated bottle,
number of patients transfused, and number of units of
packed blood cells transfused per patient, were also com-
pared. The criteria for blood transfusion were the same for
both groups: hemoglobin levels lower than 8 mg/100 mL
or lower than 10 mg/100 mL and signs or symptoms of
heart insufficiency.

For the study of postoperative pain, we (MFV, VGS)
retrospectively collected and then compared the number or
patients who needed any pain medications, milligrams of
metamyzol per kilogram administered per patient during
the first 24 and 48 hours after surgery, and the number of
patients who needed opioids to relieve pain. In the evalu-
ation of early recovery, the day the patient was able to
walk 20 meters and climb two stairs (walking start day)
and the ROM on the third day after surgery were collected
(JRVG). To measure the ROM, the same goniometer was
used in all patients.

The skin-to-skin surgical time and complications during
early and late followup were registered. For the evaluation
of the component orientation (JRVE), the following mea-
surements were made: long-leg mechanical angle of the
knee drawing a line from the center of the femoral head to
the intercondylar notch and from here to the center of the
talus. We classified the alignment as varus when this angle
was lower than 177°, neutral when this angle was between
177° to 183°, and valgus when it was higher than 183°.
Similarly, the angles formed by the femoral component
with the femoral mechanical axis and with the femoral
diaphyseal axis in AP and lateral views were evaluated. In
the same way, the angles formed by the tibial component
with the tibial mechanical axis in AP and lateral views
were measured (Fig. 1).

knee angle
173.5° (3.51)
174.1° (4.34)
0.157
female; VR

Preoperative

Preoperative
knee deviation
1.000

=male; F =

Preoperative

0.079*
minimally invasive surgery; M

Functional

Knee Society Knee Society ROM
score
0.436*

Objective
score

0.465

score
82.44 (19.16) 35.28 (11.90) 47.16 (12.10) 93.70° (16.74) 45 VR 5 VL

89.08 (31.55) 47.96 (15.02) 41.12 (20.70) 99.29° (13.26) 45 VR 5 VL

Knee Society
0.093

Preoperative

14.11 (1.13)
13.75 (1.00)

hemoglobin
0.064*

Preoperative
(g/dL)

Body mass
30.62 (3.42)
0.693*

index
(kg/m*)

Weight
14 M 36 F 79.30 (14.20) 30.97 (5.25)
0912

13M37F 78.13 (7.50)

Gender
0.822

(years)
68.02 (8.14)
70.64 (7.88)
0.102

Standard deviations in parentheses; *Student’s t-test has been applied; the remainder had the Mann-Whitney U test applied; MIS

Table 1. Preoperative parameters
varus; VL = valgus.

Preoperative data Age
MIS Group

Standard Group
Significance (p)

@ Springer



Volume 468, Number 5, May 2010

Minimally Invasive Subvastus Approach 1203

Fig. 1A-C The method used to measure component orientation is
illustrated including (A) knee deviation and knee angle measurement,
left valgus, right varus. (B) The method used to measure the angles
formed by the femoral component (1) and diaphyseal axis in the AP
view and by tibial component (2) and mechanical axis of the tibia in
the AP view are shown. (C) This method was used to measure the
angles formed by the femoral component (1) and diaphyseal axis in
the lateral view and by the tibial component (2) and mechanical axis
of the tibia in the lateral view.

Functional results between the groups were compared
using the Knee Society score (KSS) assessed at 1 month,
3 months, 1 year, and 3 years. Global KSS and its sub-
parts, objective and functional, were analyzed. Finally, the
ROM (measured by goniometer, JRVG) at 1 month,
3 months, and 1 year was evaluated independently for its
particular relevance in knee function.

All categorical variables were analyzed by chi square
test. Kolmogorov-Smirnov and Levene test were applied to
each numeric variable if the variable fit to normal distri-
bution and if it showed variance homogeneity, a Student’s t
test was used. Otherwise, a Mann-Whitney U test was
applied. For the evaluation of the progress of the global
KSS and ROM, a repeated-measures analysis of variance
was used. The difference was considered statistically sig-
nificant when p < 0.05.

Results

The results of the evaluation of the perioperative bleeding
showed greater postoperative drainage and reduced
hemoglobin levels in the first 6 hours in the MIS Group
(Table 2). No differences were found in the hemoglobin
values at 6 and 48 hours after surgery (p = 0.511 and

p = 0.203, respectively). However, the decrease of
hemoglobin values from preoperatively to 6 hours after
surgery was higher in the MIS Group (p = 0.025). More-
over, the total postoperative drainage was greater in the
MIS Groups (p = 0.001). On the other hand, the number of
patients who received transfusions and packed blood cells
transfused per patient did not show differences between the
groups (p = 0.817).

Analyzing the postoperative pain, patients in the MIS
Group required less pain medication during the early
postoperative period (Table 3). The number of patients
who needed any medication to relieve pain during the first
24 hours after surgery was lower in the MIS Group
(p = 0.002). Furthermore, fewer patients of the MIS Group
needed opioids for pain control in the first 24 hours
(p = 0.007) and the first 48 hours (p = 0.007). Lastly,
patients involved in the MIS Group consumed less meta-
myzol during the first 24 hours after surgery in comparison
with patients operated on using the standard technique
(p = 0.014).

Regarding early recovery, the walking start day was
earlier in the MIS Group compared with the Standard
Group (p = 0.001). The MIS Group averaged the walking
start day at 2.68 versus 4.47 days in the Standard Group.
Moreover, the ROM on the third day after surgery was
higher in the MIS Group, which achieved an average 66° of
flexion compared with 55° of flexion in the Standard Group
(p = 0.036) (Table 3). On the other hand, no difference
was found in hospital stay.

There was no difference in the average surgical time
between the MIS Group (69.2 minutes) and the Standard
Group (60.6 minutes) (p = 0.090).

No differences were found in any of the component
orientation parameters defined: postoperative long-leg
mechanical axis of the knee, number of outliers, angles
formed by the femoral component with the femoral
mechanical axis and with the femoral diaphyseal axis in AP
and lateral views, or angles formed by the tibial component
with the tibial mechanical axis in AP and lateral views
(Table 4).

No differences were found in complications rate. In the
MIS Group, the following complications were detected:
one case of superficial infection, which healed with only
antibiotic treatment, and one case of scar dehiscence,
which needed surgical revision. In the Standard Group, one
patient presented a superficial infection and healed with
only antibiotic treatment and another patient needed
manipulation under sedation for knee stiffness 1 month
after surgery. No differences were found in complication
rate (p = 0.342).

The global KSS at 1 month, 3 months, 1 year, and
3 years after surgery was higher in the MIS Group
(p = 0.001). Furthermore, the objective score was greater
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Table 6. Knee ROM

Postoperative ROM ~ ROM 1 month ROM 3 months

ROM 12 months ROM 3 years

MIS Group
Standard Group

95.5° (12.43)
89.7° (15.99)
0.049 95% CI (0.1-11.4)

110° (10.92)
99.9° (13.07)
Significance (p)

< 0.001 95% CI (5.3-14.88)

114.4° (6.97)
102.4° (10.65)
< 0.001 95% CI (8-15.1)

113.7° (3.46)
102.7° (9.57)
< 0.001 95% CI (7.8-16.3)

Standard deviations in parentheses; Mann-Whitney U test has been applied to all variables; MIS = minimally invasive surgery; 95% CI = 95%

confidence interval.

in the MIS Group at 3 months, 1 year, and 3 years,
whereas functional score was higher only at 1 and
3 months (Table 5). ROM was higher in the MIS Group at
all followup time points out to 3 years of followup
(Table 6). The timing of the improvement in the post-
operative KSS was similar in both groups. Improved KSS
from preoperative to 1 year was detected in both groups
(p < 0.001; 95% confidence interval, 92.1-106.1 MIS
Group; 72.5-94.9 Standard Group) (Fig. 2). Improvement
in ROM occurred from 1 month to 3 months and then from
3 months to 1 year (Fig. 3). However, the analysis of ROM
by repeated-measures analysis of variance revealed dif-
ferent progress of knee flexion in each group (Fig. 3). Both
groups experienced a notable decrease of ROM from pre-
operatively to the third day after surgery, then a substantial
improvement from the third day after surgery to 1 month
and from 1 month to the third month. However, the pro-
gress from the third month to 1 year differs in each group.
Whereas the MIS Group experienced major upgrowth
during this time, the Standard Group did not. Moreover, the
MIS Group presented an increase (p < 0.001) of ROM
from preoperative values to the l-year evaluation (95%
confidence interval, 13.8-27.3), whereas the Standard
Group did not show differences from preoperative to 1-year
followup (p = 1.000).

200 -

p0,001
180 —

o /n—":f/
pco,nm/ /FNIUI
140
p<0,001 //4/
100
%ﬂ.@m
80

60

Preop 1 month 3 months 1year

| —m~MIS —+—STD

Fig. 2 Knee Society score development analyzed using repeated-
measures analysis of variance is shown. Note how both groups
presented significant upgrowth of Knee Society score in each time
segment. MIS = minimally invasive; STD = standard.
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L
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Fig. 3 Knee ROM improvements over time have been analyzed
using repeated-measures analysis of variance and are shown in this
figure. Both groups presented a significant decrease of ROM from
preoperatively to the third day and then a substantial upgrowth from
the third day to 1 month and from 1 month to the third month.
However, the development from the third month to 1 year was
different in both groups; when no notable increase was found in the
Standard (STD) Group, a substantial upgrowth was detected in the
minimally invasive (MIS) Group. Moreover, when no notable
increase was detected in the STD Group from preoperative to 1 year,
a substantial increase was found in the MIS Group.

Discussion

Minimally invasive TKA has been developed during the last
decade. Today, it is easy to find hundreds of scientific works
related to these techniques. Unfortunately, few well-
designed trials exist capable of providing conclusions of high
evidence about the real benefits and complications of mini-
mally invasive TKA [6]. This study was performed to
provide a higher level of evidence in comparison of MIS with
a conventional approach in TKA. We found patients treated
by MIS TKA had less pain early after surgery, achieved and
sustained better ROM, but did not experience clinically
important greater blood loss, component malpositioning,
longer hospital stay, or incidence of complications.

This study presents several limitations. First, the study
compares two different approaches: MIS subvastus
approach and traditional medial parapatellar approach. The
conventional subvastus approach has been demonstrated to
be less aggressive than the medial parapatellar approach so
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probably not all the differences found in this study can be
attributed to the MIS technique. Another limitation is the
evaluation of postoperative pain by the painkiller intake
instead of Visual Analog Scale (VAS). We decided to use
the medication intake rather than a VAS because, in our
opinion, the use of a pain VAS can be problematic. For
example VAS scores do not account for administration of
medication at the time the score is recorded. A patient who
recently received medication will have a lower VAS score
at the time the score is recorded than an unmedicated
patient but the true severity of pain overall may be the
same. In our opinion, it is more reliable to evaluate pain by
painkiller intake. Finally, the variable of walking start day
is not a validated measurement but provides an idea of
faster recovery in the MIS Group. Other authors like Healy
et al. [10] and Berger et al. [3] have used similar nonval-
idated measurements to demonstrate faster recovery in an
MIS Group.

Whereas the transfusion requirements did not show
notable differences, the greater fall in hemoglobin from
preoperative to 6 hours postoperatively and the greater
drainage in the MIS Group have led us to conclude that the
perioperative bleeding could be slightly higher in the MIS
Group. Our results are in agreement with Boerger and
colleagues [4] who detected 10% more bleeding with the
minimally invasive subvastus approach. However, Zanasi
[25] found no differences. Probably, the higher bleeding
could be explained by the difficulty of making a perfect
hemostasis after the components have been definitively
placed and by the accumulation of blood under the vastus
medialis muscle. In our opinion, although drainage may be
greater, the most clinically relevant point is that no dif-
ferences existed in the rate of transfusion. Nevertheless,
there is a tendency toward more bleeding with MIS
surgery.

Based on analgesic consumption, lower postoperative
pain was detected in patients operated on by the minimally
invasive subvastus approach. In our opinion, the use of the
pain VAS presents several problems because the score
would change depending on the moment it was applied in
relation to the analgesic intake. Using the VAS of pain,
Boerger and colleagues [4] found less pain in patients
operated on using the MIS technique. Zanasi [25] and
Lombardini and colleagues [15] also detected less post-
operative pain in the MIS Group.

In our study, the early recovery was faster in the MIS
Group compared with the standard approach. This is
demonstrated by the earlier walking start and the greater
ROM of the knee in the patients operated on using the MIS
subvastus approach. On the other hand, the hospital stay
showed no major differences. Although this fact may be
surprising, Boerger and colleagues [4], Zanasi [25], and
Kolisek and colleagues [12] also found substantial

differences in early knee flexion but not in hospital stay. In
contrast, Lombardini and colleagues [15] and Schroer and
colleagues [20] found earlier hospital discharge with the
minimally invasive subvastus approach. The application of
rapid recovery protocols may accelerate the recovery of
these patients and reduce the hospital stay [2, 5, 19].
However, one should not forget that Healy and colleagues
[10] showed how an aggressive rapid recovery protocol
was capable of reducing hospital stay and cost of TKA
performed by the conventional approach as well.

No differences were found in surgical time. Our sub-
jective opinion is the minimally invasive subvastus TKA
consumes a little more time in the placement of the pros-
thesis, but this time is recovered during closure. Probably,
the skin-to-skin time measurement has hidden this subjective
difference. This impression has been confirmed by Boerger
and colleagues [7] and Zanasi [25] (IIb), both of whom have
detected longer duration for the MIS procedure measuring
the surgical time from skin to prosthesis placement.

Component orientation was similar in both groups with
no differences in outliers or any angles measured. All
studies which involve minimally subvastus approach have
detected correct component orientation without differences
compared with standard approach [4, 9, 12, 15, 20]. Using
a mini-incision midvastus approach, Dalury and Dennis [8]
found worse component orientation with the mini-incision
technique; however, this study has been criticized by other
authors [18]. Our experience has led us to believe the
surgeon’s previous experience in knee arthroplasty is an
important factor in accomplishing reliable component
placement with reduced exposures.

No differences were found in complication rates and,
again, no previous report exists in which the complication
rate was higher in the MIS Group [4, 15].

Functional results, both KSS and ROM, were substan-
tially better in the MIS Group and were maintained until
3 years of followup. Our results are in accordance with
most prior studies [4, 15, 20, 25]. We assume this better
result can be attributed to less scar formation resulting from
less dissection, including the conservation of all vastus
medialis attachments. In contrast, Kolisek and colleagues
[12] did not find differences in KSS at 3 and 12 weeks.

Using repeated-measures analysis of variance, the KSS
and ROM development were studied. Although no differ-
ences were found in the KSS development between the
groups, the ROM analysis showed the minimally invasive
subvastus approach is capable of achieving and sustaining
better knee ROM.

In conclusion, we found the minimally invasive subva-
stus approach can provide advantages over conventional
surgery in terms of postoperative pain and recovery, but not
in terms of perioperative bleeding. When compared with
traditional exposure, the minimally invasive subvastus
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approach did not increase surgical time, risk of component
malalignment, or complication rate. The early and late
functional results were substantially better with the mini-
mally invasive subvastus approach compared with the
conventional approach.
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