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Abstract

Purpose Whether minimally invasive total knee arthroplasty (MIS-TKA) could offer better and faster recovery without the
deviation of post-operative prosthesis position and limb alignment is still controversial. This prospective and randomized study
was conducted to compare the clinical and radiological outcomes between patients who underwent the mini-subvastus approach
of MIS-TKA and those who underwent the medial parapatellar approach of traditional TKA.

Methods Fifty patients, including 50 knees, who required TKA due to osteoarthritis were randomized to the mini-subvastus
group (group I) or the medial parapatellar group (group II). All patients accepted the same method of anaesthesia, equal support
therapy and identical rehabilitation exercise after surgery. The evaluation system included operation time, tourniquet time, blood
loss, skin incision length in flexion, straight leg raising time, the time of lower limb muscle strength up to grade 4, the time of
walking with aid or without aid, the time of walking up and down the stairs, the active flexion angle, range of movement (ROM),
the Knee Society Scores (KSS), visual analogue score for pain (VAS), hospital stays and radiographic outcomes.

Results The mini-subvastus approach offered smaller skin incision length in flexion, but at the cost of operation time (P < 0.001).
No significant difference was found in tourniquet time and blood loss. The patients in group I could achieve straight leg raising,
the lower limb muscle strength up to grade 4, walking with or without aid, and walking up and down the stairs earlier (P < 0.001).
The active flexion angle, ROM, VAS and KSS in group I were superior to those in group II until six months post-operatively
(P<0.001), but the differences was not apparent at 12 months post-operatively. More importantly, there was no significant
difference between the two groups on radiological outcomes (P> 0.05).

Conclusions The mini-subvastus approach could offer faster recovery, less pain and shorter hospital stays without compromising
the principles of proper prosthesis position and limb alignment compared with the medial parapatellar approach.
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Introduction

There is no doubt that total knee arthroplasty (TKA) has
played an irreplaceable role in the surgical treatment of oste-
oarthritis, as reported in the relevant literature [1]. The medial
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parapatellar approach of traditional TKA is a mature surgical
technique, which offers adequate surgical field exposure and
relatively accurate positioning of the prosthesis. However it
inevitably causes damage to the extensor mechanism because
of patellar eversion and quadriceps dissection, in contrast to
minimally-invasive total knee arthroplasty (MIS-TKA).
Meanwhile, the increasing number of studies on TKA have
shed light on the minimally-invasive technique which was
developed with the aim of using a smaller incision and reduc-
ing injury to soft tissue, hopefully leading to less damage to
the extensor mechanism, less post-operative pain and faster
rehabilitation [2, 3]. The mini-subvastus approach, as a devel-
opment of the subvastus technique pioneered by Hoffmann
et al. [4], has been claimed to offer faster and better recovery,
less pain, and greater range of motion (ROM) after surgery
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because of the limited incision length and the small extent of
injury to the extensor mechanism [5]. However, it has been
reported that MIS-TKA offered an inadequate operative field
which could cause deviation of the mechanical axis and im-
pact the long-term survival of the prosthesis [6, 7]. More im-
portantly, studies of whether the mini-subvastus approach
could avert deviation of the post-operative mechanical axis
and limb mis-alignment while performing better and promot-
ing faster recovery compared with the medial parapatellar ap-
proach are rare to date, especially prospective and randomized
studies. Therefore, we conducted a prospective, randomized
study to compare the early clinical and radiological outcomes
between patients treated by the mini-subvastus approach and
the medial parapatellar approach, with a minimum follow-up
of one year.

Materials and methods

From January to May 2016, we conducted this prospective,
randomized study which was approved by the institutional
review boards of our hospital and Lu’an Affiliated Hospital
of Anhui Medical University. All 50 patients were diagnosed
with primary unilateral knee osteoarthritis, 31 in the left knee
and 19 in the right knee. Patients provided signed informed
consent and were randomly assigned to one of two groups
according to computer-generated random numbers. The pa-
tients in group I (25 patients comprising 16 females and 9
males, 16 left knees and 9 right knees) underwent surgery by
the mini-subvastus approach, and the patients in group II (25
patients including 16 females and 9 males, 15 left knees and
10 right knees) were treated by the medial parapatellar ap-
proach. The exclusion criteria were: (1) the symptoms of knee
osteoarthritis could be improved by non-surgical treatment,
(2) active infection, (3) previous fractures around the knee or
knee surgery, (4) body mass index (BMI) over 35 kg m 2, and
(5) knee flexion less than 90° and varus or valgus deformity of
more than 15°. The preoperative data of age, gender, BMI,
visual analogue score for pain (VAS), active flexion angle of
knee, ROM, the Knee Society Scores (KSS), and the number
of left and right knees are presented in Table 1. To increase the
reliability of this study, the gender distribution was the same
between the two groups, and there was no remarkable differ-
ence in the pre-operative demographics of the patients be-
tween group I and group II.

All patients accepted the same method of anaesthesia
and the same type of knee prosthesis (posterior cruciate-
retaining total knee prostheses, CR) and all operations
were performed by two skilled joint surgeons. In the
mini-subvastus approach group, the skin incision started
from the medial aspect of the tibial tubercle and extended
to the medial aspect of the superior pole, extending 8.5—
10.5 cm along the medial side of the patella and vastus.
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The operative outcomes were not ignored simply in pur-
suit of a mini incision. The operative field was exposed
through the application of an outward tensile force to the
extensor mechanism and patella rather than by partly cut-
ting off the quadriceps tendon and everting the patella. It
should be emphasized that the vastus medialis of the ex-
tensor mechanism was rigorously preserved without any
dissection. Then, making use of the “moving window”
technique and specialized intramedullary alignment for
the femoral component together with extramedullary
alignment for the tibial component, the limited operation
field could be shifted from the inferior to the superior
aspect and from the medial to the lateral aspect as much
as possible, allowing successful osteotomy and fixation of
the prosthetic components. In the group treated by the
parapatellar approach, the skin incision approximately
12—-15 cm long extended from the tibial tubercle up to
5-8 cm proximal to the superior pole of the patella. The
total knee could then be exposed to the surgical field by
partly dissecting the quadriceps extensor mechanism and
performing patella eversion, through which the surgeon
could easily complete the osteotomy and prosthesis
fitting. A tourniquet was used for every patient from the
beginning of the installation of the prosthesis to the end of
the operation. A C-arm X-ray machine was used for each
patient, which enabled the surgeon to ensure better posi-
tioning of the prosthesis as far as possible. The posterior
cruciate ligament was not resected in any patient, and a
drainage tube was used in every patient in the two groups.
No patients received a blood transfusion in either of the
groups. All patients accepted cefotiam for normal anti-
infection prophylaxis and rivaroxaban to prevent blood
clots, but also adopted the uniform methods of functional
training including active and passive flexion—extension of
the operative knee, active flexion—extension of hips and
ankles and trying to walk with aid or without aid once
straight leg raising could be completed after operation.
The patient assessment and data collection were per-
formed by another surgeon, and a rehabilitation physician
was responsible for conducting post-operative rehabilita-
tion exercises with the patients. Furthermore, the two doc-
tors did not know what type of approach was used for
each patient or the relationship between surgical approach
and incision length.

The data of operation time, tourniquet time, skin incision
length in flexion, hospital stays, and blood loss including
intra-operative blood loss and post-operative drainage for all
patients were recorded after operation. The straight leg raising
time and the time of lower limb muscle strength up to grade 4
were chosen as the evaluation indices for rehabilitation of the
extensor mechanism. When the patients were able to accom-
plish straight leg raising, they were guided to make attempts to
walk with or without aid, then the straight leg raising time and
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Table 1 Pre-operative demographic and clinical data of all the patients
Demographic Group | Group II P-value
Number of patients 25 (9, 16) 25 (9, 16)
(male/female)
Number of knees 25(16,9) 25 (15, 10)
(left/right)
Mean age (y) (SD; range) 69.9 (4.3; 58-76) 68.1 (4.9; 57-77) 0.181
Mean BMI (kg/m?) (SD; range) 25.8 (2.0;21.3-29.2) 25.5(1.7;21.1-28.7) 0.538
Mean VAS (SD; range) 4.6 (0.7; 3-6) 4.8 (0.7; 4-6) 0.181
Mean flexion angle (°) (SD; range) 117.0 (10.2; 95-135) 118.8 (10.5; 105-140) 0.542
Mean ROM (°) (SD; range) 109.8 (11.7; 90-130) 111.0 (12.7; 90-135) 0.729
Mean KSS score (SD; range)
Knee score 51.9 (2.2; 48-55) 52.0 (2.3; 48-55) 0.802
Functional score 39.4 (4.9; 35-50) 40.4 (5.4; 35-50) 0.494

BMI body mass index, VAS visual analog scale, ROM range of movement, KSS Knee Society Scores, P value independent t-test (Student’s t-test)

the time of walking with and without aid were recorded. We
also recorded the time of walking up and down the stairs as a
rehabilitation indicator. The active flexion angle of the knee,
ROM and VAS (pain score according to a 10 cm visual analog
scale, with 0 cm indicating no pain and 10 cm indicating the
most severe pain) were evaluated at four days, seven days,
one month, six months and 12 months after surgery; in addi-
tion, VAS was evaluated at one day after surgery. It needs to be
emphasized that VAS was assessed three times a day when the
patients were at rest and the median was recorded. The KSS
was assessed and recorded at one month, six months and
12 months after surgery. The radiographic outcomes after sur-
gery involving the frontal femoral component angle (FFC)
and the frontal tibial component angle (FTC) were used to
assess the position of the prosthesis via posteroanterior and
lateral radiographs of the knee. In addition, we assessed the
hip—knee—ankle angle (HKA) reflecting the mechanical axis
(MA) from a post-operative full-length standing radiograph of
the lower extremity. The HKA measured on the lateral side of
the midline was made up of the mechanical axis of the femur
and the mechanical axis of the tibia. The FFC measured on the
lateral side of the midline was made up of the femoral axis and
a line parallel to the distal surface of the femoral component.
The FTC measured on the lateral side of the midline was made
up of the tibial axis and a line parallel to the surface of the
tibial component. The ideal values of the HKA, FFC, and FTC
were 180°, 96° and 90°, respectively, before surgery [7]. All
the above indicators were compared between group I and
group IL

Statistical analysis was performed on a Windows-7 com-
puter with SPSS 19.0 (SPSS Inc., Chicago, IL, USA). The
independent t-test (Student’s t-test) and analysis of variance
(ANOVA) were used to evaluate preoperative data of all pa-
tients. The clinical and radiographic results were also

compared with independent t-tests and ANOVA. A value of
P <0.05 was considered significant.

Results

All patients of both groups accepted a minimum follow-up of
one year. There was no remarkable difference between the
groups in terms of age, gender, BMI, VAS, active flexion
angle, ROM, KSS (knee score and functional score) and the
proportion of left or right knees before operation (P> 0.05;
Table 1).

Between group I and group 11, there were dramatic differ-
ences in mean operation time and skin incision length in flex-
ion (P <0.001; Table 2), but the mean blood loss and tourni-
quet time were comparable (P =0.594 and P =0.686, respec-
tively; Table 2). The mean operation time in group II (66.6
minutes; range 57-76) was shorter than in group I (86.8 mi-
nutes; range 78-97) (Table 2), and the patients in group [ had a
smaller skin incision in flexion (mean 9.5 cm versus mean
13.6 cm; Table 2). The mean hospital stay after operation
was 4.8 days (range 3—6) in group I, which was significantly
shorter than the mean of 6.3 days (range 5-7) in group II
(P<0.001; Table 2). In addition, the mean straight leg-
raising time was 1.1 days (range 1-2) in group I and 4.8 days
(range 3—6) in group II (P <0.001; Table 2). The mean time
taken to restore lower limb muscle strength up to grade 4 was
1.2 days (range 1-3) in group I, which was significantly earlier
than 5.6 days (range 4—7) in group II (P < 0.001; Table 2). The
patients in group I achieved walking with an aid and without
an aid at a mean of 1.7 days (range 1-3) and mean 3.7 days
(range 3-5), respectively, compared with 6.0 days (range 4-8)
and 7.6 days (range 6-9), respectively, in group II (P < 0.001;
Table 2). Walking up and down the stairs was completed
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Table 2 Postoperative clinical

results and radiological results Results (mean (SD; range)) Group | Group 11 P-value

Operation time (min) 86.8 (5.0; 78-97) 66.6 (5.4; 57-76) <0.001
Tourniquet time (min) 31.1 (2.8; 28-35) 30.8 (2.7; 27-36) 0.686
Blood loss (ml) 661.8 (186.2; 290-980)  685.2 (112.2; 450-860)  0.594
Skin incision length in flexion (cm) 9.5(0.7; 8.5-11) 13.6 (1.0; 12-15) <0.001
Straight leg raising time (day) 1.1 (0.3;1-2) 4.8 (1.0; 3-6) <0.001
Time of LLMS up to 4 (day) 1.2 (0.5; 1-3) 5.6 (1.0;4-7) <0.001
Time of walking with aid (day) 1.7 (0.7; 1-3) 6.0 (1.0; 4-8) <0.001
Time of walking without aid (day) 3.7 (0.8; 3-5) 7.6 (0.9; 6-9) <0.001
Time of walking up and down the stairs (day) 8.1 (0.9; 7-10) 13.7 (1.2; 12-16) <0.001
Hospital stays (day) 4.8 (0.9; 3-6) 6.3 (1.1; 5-8) <0.001
Leg alignment (°)

HKA angle 179.4 (0.7, 179.3 (0.9; 0.635

178.3-181.2) 178.2-181.4)

Component alignment (°)

FFC angle 95.6 (1.0; 94.1-97.4) 95.8 (0.8; 94.2-97.4) 0.437

FTC angle 89.8 (0.8; 88.5-91.7) 89.5 (0.7; 88.1-90.9) 0.167

Blood loss intraoperative blood loss and postoperative drain collection, Time of LLMS up to 4 the time of lower
limb muscle strength up to grade 4, Hospital stays hospital stays after operation, HKA angle the hip-knee-ankle
angle, FFC angle the frontal femoral component angle, FTC angle the frontal tibial component angle, P value

independent t-test (Student’s t-test)

earlier in group I at a mean of 8.1 days (range 7-10) compared
with a mean of 13.7 days (range 12—16) in group II (P < 0.001;
Table 2). The mean flexion angle and ROM were greater in
group I than group II at four days, seven days, one month and
six months after operation (P <0.001), but the differences
disappeared at 12 months after operation (P> 0.05) (Fig. 1
and Fig. 2). The patients in group I had a significantly lower
VAS at one day, four days, seven days, one month and
six months, especially at one, four and seven days after oper-
ation versus the patients in group II (P <0.001), but the dif-
ference had disappeared at 12 months after operation
(P>0.05; Fig. 3). The mean KSS including knee score and

]
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Fig. 1 Active flexion angle of knee. **P < (.00] independent t-test
(Student’s t-test). Baseline pre-operative outcome
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functional score in group I were significantly higher than
those in group II at one month and six months after operation
(P<0.01), but no significant difference was found at
12 months after operation (P> 0.05; Fig. 4 and Fig. 5).

With regard to the radiographic outcomes after operation,
the mean HKA, FFC and FTC did not differ markedly be-
tween the two groups (P> 0.05; Table 2), and no patients
had an implant position or limb alignment deviated by more
than +2° from the target angle in either group after operation.
No significant intra-operative or post-operative complication
was reported in any patient up to the final follow-up.

Discussion

The most important finding of the study is that the mini-
subvastus approach could offer faster recovery and less pain,
with no higher risk of deviation of the prosthesis position or
limb alignment in the patients who underwent TKA by the
mini-subvastus approach. With the maturation of the tradition-
al TKA technique, orthopaedic surgeons have shifted their
attention to the minimally-invasive TKA technique which
could offer less pain and faster recovery after surgery. It has
been reported that the mini-subvastus approach, as one type of
minimally-invasive technique, could offer less pain, faster re-
turn of knee function and higher patient satisfaction compared
with the traditional technology by avoiding patellar eversion,
and avoiding damage to the extensor mechanism and soft
tissue balance [4, §]. Pan et al. [4], who conducted a prospec-
tive randomized study of 35 minimally-invasive TKAs, and
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Lai et al. [5], who performed a prospective randomized con-
trolled study of 35 minimally-invasive TK As with a minimum
follow-up of two years, however, suggested that the mini-
subvastus approach could not ensure the ideal prosthesis po-
sition, resulting in the risk of associated complications. In
addition there have been very few prospective randomized
studies on whether use of the mini-subvastus approach can
achieve ideal prosthesis position and limb alignment while
offering better and faster recovery versus the medial
parapatellar approach [4, 5]. Therefore, we performed a pro-
spective randomized study, and found no remarkable differ-
ence between the groups with regard to demographic data and
clinical data before operation, thus increasing the reliability of
the outcome measures.

As previous studies have reported [4, 5, 9], we also found
that the mini-subvastus approach could lead to longer opera-
tion time and a shorter skin incision in flexion versus tradi-
tional TKA, such as the medial parapatellar approach in our
study. However we did not find longer tourniquet time or less
blood loss in our study, suggesting that there was no

81 El Group I
— = Group IT

1 month 6 months12 months

Baseline 1 day 4 days 7 days

Fig. 3 Pain score by a 10-cm visual analog scale. **P < (.00] indepen-
dent t-test (Student’s t-test). Baseline pre-operative outcome

E GrouplI
= Group II

100+

Baseline 1 month 6 months 12 months

Fig. 4 Knee score of KSS. **P < (.001 independent t-test (Student’s t-
test). Baseline pre-operative outcome

significant difference between the mini-subvastus approach
and the medial parapatellar approach with regard to tourniquet
time and blood loss. A tourniquet was used for every patient
from the beginning of the installation of the prosthesis to the
end of the operation in our study, and although the mini-
subvastus approach requires longer prosthetic installation time
it requires less incision suture time. Although a longer opera-
tion time was required to complete TKA by the mini-
subvastus approach, it has been reported that there is no evi-
dence that further shortening of the operation time will lead to
better patient outcomes for primary TKAs lasting less than
120 minutes [10]. Meanwhile, the shorter skin incision pro-
duced a better esthetic outcome which could improve patient
satisfaction.

E= Groupl

[
100- Group II s .

1 month 6 months 12 months

Fig. 5 Functional score of KSS. **P < (.00] independent t-test
(Student’s t-test). Baseline pre-operative outcome

Baseline
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In consideration of the fact that direct measurement of
quadriceps strength by a dynamometer, although very accu-
rate, could cause severe pain to the patients [11], we indirectly
assessed the recovery of quadriceps strength by measuring
straight leg raising time and the time of lower limb muscle
strength up to grade 4, which has never been used to assess the
recovery of the quadriceps after TKA in other studies. Our
study suggested that patients treated by the mini-subvastus
approach could achieve straight leg raising notably earlier
than the patients treated by the medial parapatellar approach,
which was in agreement with the outcomes reported by other
authors [4, 8, 12]. The mean time taken for extremity muscle
strength to reach grade 4 in group I was also remarkably
shorter than in group II. All of these results suggested that
the mini-subvastus approach offered earlier recovery of quad-
riceps strength because it avoided incising the quadriceps and
everting the patella, and it has been suggested that TKA with-
out patellar eversion could reduce the risk of complications,
which was demonstrated in a systematic review and meta-
analysis conducted by Yang et al. [13].

Our study also found that the patients who underwent TKA
by the mini-subvastus approach could achieve earlier walking
with or without aid and walking up and down stairs compared
with the patients treated by the medial parapatellar approach.
Moreover, getting out of bed as soon as possible might reduce
the risk of complications caused by long-term immobilization
and improve heart-lung capability. Most previous prospective
randomized studies of MIS-TK A suggested that there were no
significant differences between patients who accepted MIS-
TKA and those who accepted traditional TKA with regard to
the long-term outcomes of ROM [4, 5, 14, 15]. In our study,
for a more comprehensive assessment of early clinical out-
comes, we measured the active flexion angle and ROM at four
days, seven days, one month, six months and 12 months after
operation. We found that both the flexion and the ROM in
group [ were markedly superior to those in group II at
four days, seven days, one month and six months after oper-
ation, especially at four and seven days after operation; how-
ever, the differences diminished with time. Furthermore, the
mean knee score, functional score (KSS) and VAS in group |
were significantly higher than in group II up to six months
post-operatively. It should be emphasized that the earlier pain
was assessed three times a day at one day, four days, sev-
en days, one month, six months and 12 months after opera-
tion, instead of only at one day after operation as in the pro-
spective randomized study conducted by Lai et al. [5]. Our
results showed that the patients who underwent TKA by the
mini-subvastus approach suffered less pain compared with the
patients in group II at one day, four days, seven days,
one month and six months, and especially at one, four and
seven days. Therefore, we conclude that patients treated by
mini-subvastus approach TKA recovered faster, experienced
less pain and had shorter hospital stays.
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Although minimally-invasive technology can bring many
benefits, some authors have suggested that prosthesis position
and limb alignment, which are important in TKA, could not be
ensured through the mini-subvastus approach. Such poor
prosthesis positioning and limb alignment might result in a
negative effect on the long-term survival of the prosthesis
and related complications, such as early poly wear loosening
[3, 6,7, 16]. Lai et al. [5] suggested that patients could receive
temporary benefits from the mini-subvastus approach, but at
the expense of the higher risk of component malposition. We
assessed the position of the prosthesis via the HKA angle, the
FFC angle and the FTC angle [5, 7, 9]. Our study, however,
demonstrated that there was no significant difference in post-
operative HKA, FFC or FTC between the groups, and none of
the patients had the implant position or limb alignment devi-
ated by more than +2° from the target angle in both groups
after operation. Although the operative field of the mini-
subvastus approach was smaller than the operative field of
the traditional approach, the surgeon could successfully com-
plete osteotomy and prosthesis fitting through the “mobile
windows” technique with the use of special surgical instru-
ments. Schroer et al. [17] previously reported the complication
rate of 600 patients who underwent minimally-invasive TKA
performed via the mini-subvastus approach, and found that it
did not lead to an increased complication rate in comparison
with traditional TKA. In agreement with this, we found no
significant complication in any patient in our study up to our
final follow-up. Certainly, the surgical technique of the sur-
geon also plays an important role in the success of the
operation.

A limitation of our study was the relatively small number
of patients involved, which could negatively affect the power
of this study, and a larger sample size will be necessary to
confirm our results.

Conclusions

In conclusion, based on the findings of our study, we suggest
that the patients who underwent TKA via the mini-subvastus
approach experienced faster recovery, less pain, shorter skin
incision length and shorter hospital stays. Although there was
no greater risk of deviation of the prosthesis position and of
limb alignment in the patients who underwent TKA by the
mini-subvastus approach compared with the patients treated
by the medial parapatellar approach, further investigation with
more patients is necessary.
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