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Abstract
Total knee arthroplasty has become one of the most successful joint replacement surgeries with patients reporting 
good function following the surgery. The parapatellar approach is most often used, whereas the midvastus approach is 
a suitable alternative. Presently, it is unknown, which of the two is most advantageous for the function of the patient. 
Methodology: double-blind prospective, observational, comparative study. Results: It has been demonstrated that 
the Midvastus Approach (MV) is advantageous in the early postoperative period compared to the medial parapatellar 
surgical approach (MPP). The midvastus group were able to perform straight leg raising earlier and experienced less 
extensor lag when compared to the medial parapatellar group. The Knee Society Knee Score and the functional scores 
were also better in the midvastus group in the immediate post operative period. Conclusion: The midvastus approach, 
which is based on diminished disruption of extensor mechanism and peripatellar plexus of vessels, relieves pain and 
improves range of motion in the early rehabilitation period following TKA.

Keywords: Medial parapatellar; Mid vastus; Total knee 
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Abbreviations: TKA: Total Knee Arthroplasty; MPP: 
Medial Parapatellar; MV: Mid Vastus; SLR: Straight Leg 
Raising 

Introduction 

Total knee arthroplasty has become one of the most 
performed and successful joint replacement surgeries to 
relieve knee pain in osteoarthritic knees [1]. For further 
improving the results, the long-term outcome of the procedure 

and to decrease the hospital stay, various modifications are 
being sought by improving implant design, patient selection, 
and the surgical approach used for arthrotomy [2]. A good 
exposure is essential during surgery for placement of 
prosthesis in proper alignment and rotation. First described in 
1879 by Von Langenbeck, the medial parapatellar approach 

on the inner side of the knee, found early favour and was 
regarded as the gold standard for which other approaches 
are compared [3-7]. However, this approach has been said to 
affect the extensor function, resulting in inferior functional 
outcomes and delayed recovery [3,4]. As an alternative 
subvastus approach which avoids damage to the extensor 
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mechanism of the knee was proposed by Hofmann in 1991 
[4,5]. But it had its own share of problems, including difficult 
exposure, increased chances of postoperative hematoma, 
muscle ischemia, and apprehension with detachment of 
patellar tendon from its insertion [6]. A compromise between 
preservation of quadriceps function and good surgical 
exposure was achieved when Engh reported the midvastus or 
vastus-splitting approach in 1997 [7]. The reported benefits 
of this approach include shorter hospital stay, decreased 
blood loss, early functional recovery, reduced postoperative 
pain, and decreased patellar complications [7,8].

Various studies had compared the functional and 
clinical outcomes of the medial parapatellar and the 
midvastus approach with TKA; however, there were paucity 
of studies in Indian population, particularly comparative 
study for early functional outcome. Moreover, only few of 
them were prospective randomized double blinded studies. 
[9-14]. The aim of the study is to evaluate and compare the 
clinical outcomes of TKA performed by the midvastus and 
medial parapatellar in the Indian population in a double-blind 
manner with emphasis on early post-operative functional 
outcome.

Materials and Methods

Study Site

 The study was carried out in the Department of 
Orthopaedics at KIMS Health Hospital Trivandrum 

Study Design: A prospective, observational, comparative 
study.

Sampling Strategy

Inclusion Criteria: Severe Knee Osteoarthritis (Kellgren-
Lawrence grades 3 and 4) and willing to undergo TKA 
procedure.

Exclusion Criteria:

•	 BMI > 40,

•	 Fixed Varus deformity > 30 degrees,

•	 Fixed Valgus deformity > 05 degrees,

•	 Fixed flexion deformity> 30 degrees,

•	 Patients with a pre-operative active knee flexion < 80 
degrees,

•	 Inflammatory arthritis,

•	 Active infection,

•	 Comorbid conditions such as psychiatric illness, 
neuromuscular disorders,

•	 Patients not motivated for physiotherapy, or not ready to 
undergo lifestyle modification required after arthroplasty,

•	 Associated severe hip / ankle deformities,

•	 Significant limb length discrepancies,

•	 Any previous knee surgery.

Results

Demographics

After considering the inclusion and exclusion criteria 
88 patients were included in the study. Females constituted 
majority of the selected patient population with males 
constituting 17.05%. Grade 4 OA changes were noted in 
119 knees out of 138 knees which were included in the 
study. 43 patients were managed with MPP approach which 
included 71 knees in comparison to MV approach which 
included 45 patients which accounted for 67 knees. Bilateral 
total knee arthroplasty was done in 50 patients while 38 
patients underwent unilateral TKA. Among the patient 
who underwent bilateral TKA 28 patients underwent MPP 
approach while 22 patients underwent MV approach (Table 
1).

Approaches Number of Patients Number of Knees
MPP 43 (49%) 71 (51%)
MV 45 (51%) 67 (49%)

Table 1: Comparison of distribution of patients and knees 
for MPP and MV approaches.

Clinical Data

Tourniquet time was standardised as time taken from 
skin incision to cemented implantation. The tourniquet was 
deflated before arthrotomy closure. A mean tourniquet time 
of 28.6 ± 0.97 minutes was noted with MPP approach while 
32.5 ± 1.18minutes was noted with MV approach. This data 
was not found to be significant (Table 2).
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MPP (n=71) MV (n=67) p-value
Mean Tourniquet Time 

(Minutes)
28.66 ± 0.97 32.55 ± 1.18 <0.05

Data shown as mean ± standard deviation

Table 2: Comparison of tourniquet time between two 
approaches.

SLR was encouraged in patients from POD1. Patients 
who underwent MV approach were able to perform SLR 
significantly earlier than those who underwent MPP 
approach. Mean time for SLR with MV approach was 1.12 
± 0.32 days while for MPP approach was 4.31

 
± 0.52 days 

(Table 3).

MPP (n=71) MV (n=67) p-value
Mean POD for SLR (in days) 4.31 ± 0.52 1.12 ± 0.32 <0.001

Data shown as mean ± standard deviation

Table 3: Comparison between mean days of SLR in MPP 
versus MV approach.

Extension lag was looked for at 1 week and 6 weeks 
post-operatively. MV approach showed extension lag of 6.51 
± 1.53 degrees and 2.45 ± 0.72 degrees at 1 week and 6 weeks 
respectively. The data when compared with MPP approach 
showed significantly lesser extension lag in patients who had 
undergone MV approach. Extension lag of 13.41

 
± 2.62 and 

5.61 ± 1.53 were noted at 1 week and 6 weeks in patients 
who underwent MPP approach (Table 4).

MPP (N=71) MV (n=67) p-value
Extension lag 1 week (in degrees) 13.41 ± 2.62 6.51 ± 1.53 <0.001
Extension lag 1.5 month or 6 week 

(in degrees) 5.61 ± 1.53 2.45 ± 0.72 <0.001

Data are shown as mean ± standard deviation

Table 4: Comparison of extension lag after 1 week and 1.5 
month of TKA.

MV group had significantly lesser hospital stay when 
compared to MPP group (Table 5).

Group Number of 
patients

Duration of hospital stay (Post OP to Discharge) in days
Mean SD Minimum Maximum Median IQR

MPP 43 5.69 1.47 4 11 6 5-6
MV 45 4.90 1.02 3 8 5 4-5

P<0.001

Table 5: Comparison of duration of hospital stay (in days) for each surgical approach.

Functional Scores

Figure 1: Comparison of KSS knee score between two approaches of TKA.
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Knee Society Knee Score and Knee Society Function Score were calculated pre-operatively and post-operatively. 
The patients were followed up for a period of 6 months. The Knee Society Knee Score was found significantly better in 
patients who had undergone MV approach up to 6 weeks post- operative. From 3 months to 6 months post- operative period 
even though a higher Knee Society Knee Score was noted with MV approach, the data was not significant. I week post-
operatively 80.5% and 19.5% of the patients with MV approach showed fair and good results respectively in comparison to 
MPP approach (Figure 1).

Table 6  which showed 60.5 % patients with poor and 39.5 % patients with fair results. By the 3rd post operative week 
98.2% of patients with MV approach showed excellent results while all the patients with MPP approach reported good 
results.

KSS Grade (mean Knee score) At POD 7 At 2nd week At 3rd week
MPP MV MPP MV MPP MV

Poor (<60) 43 (60.5%)
Fair (60-69) 28 (39.5%) 54 (80.5%) 54 (76%)

Good (70-79) 13 (19.5%) 17 (24%) 48 (71.6%) 64 (100%) 1 (1.8%)
Excellent (>80) 19 (28.4%) 57 (98.2%)

Total number of knees 71 67 71 67 64 58

Table 6: Comparison of KSS knee score grade between MPP and MV approaches at POD 7; 2nd week and 3rd week on basis 
of number of knees.

The Knee Society Function Score during postoperative period 1- 6 weeks was noted to be significantly better in patients 
that underwent MV approach compared to those with MPP approach. Even though the MV Knee Society Function Score 
was better at the 3rd and 6th month post operatively no significant difference was noted with the MPP approach (Figure 2).

Figure 2 : Comparison of KSS function score between two approaches of TKA.
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Discussion
The surgical technique used for arthrotomy is an 

important factor in providing a painless, stable, and functional 
knee joint. The medial parapatellar arthrotomy has generally 
been the standard surgical approach from earlier days of 
TKA. However, due to its intra-tendinous incision and the 
incidences of abnormal patellar tracking with the approach 
concerns were raised regarding the disruption of extensor 
function, which in turn can cause severe complications 
including patellar dislocation or subluxation, fracture of 
patella, osteonecrosis, and component erosion [15]. To deal 
with the above concerns, subvastus (southern) approach was 
proposed by Hofmann, et al. [4] in 1991 for primary TKA, 
which resulted in better patellar tracking and preservation 
of the quadriceps mechanism. However, it also had its own 
share of problems, including difficult exposure, increased 
chances of postoperative hematoma, muscle ischemia, 
risk of neurovascular damage in the ‘Hunters canal’ and 
apprehension with detachment of patellar tendon from its 
insertion [16].

In 1997, the midvastus or vastus-splitting approach was 
introduced by Engh, et al. [7] as a compromise between the 
medial parapatellar and subvastus approaches. It represented 
an effort to maintain the benefits of the medial parapatellar as 
well as the subvastus approach and preserving the integrity 
of the extensor mechanism and patellar blood supply 
without compromising exposure [7]. There is a paucity 
of literature comparing the early functional and clinical 
outcomes of medial parapatellar and midvastus approach in 
Indian population. The study noted that the post operative 
Knee Society Knee and Function scores up until 6 weeks 
were significantly better in the Mid Vastus group. However, 
the difference in the scores gradually became insignificant at 
3-month follow-up. The prospective studies by Mekherjee, 
et al. [17] Bäthis H, et al. [18] Robertinas J, et al. [19] 
concluded that midvastus approach resulted in better short 
term functional outcome which coincides with the results of 
our study. Meta-analysis, such as the studies by Alcelik I, et 
al. [20] Xiaochun Peng, et al. [21] and Fu-Zhen Yuan, et al. 
[22] also came to the same conclusion.

A prospective randomized study by Karachalios, et al. 
[23] concluded significant differences in functional outcome 
even up to 9 months of postoperative period and it favours 
midvastus approach over medial parapatellar approach. 

Patients achieved SLR significantly earlier in the MV group 
as compared with those of MPP group. This finding was in 
accordance with similar previous studies by White RE, et al. 
[24] Song MH, et al. [25] Mukherjee P, et al. [17], Nutton 
RW, et al. [26] However, Keating, et al. [27] and Zhang Z, 
et al. [28] did not find any significant differences in SLR 
between two groups.

There was significant difference in extension lag at 
the1st week and 6th week follow-up, favouring the MV group 
over MPP group. Maestro A, et al. [29] found significant 
extension lag in MPP group in his study, whereas Keating 
EM, et al. [27] found no significant differences between both 
the groups. We found that the patients of the midvastus group 
were discharged from the hospital significantly earlier than 
those in the medial parapatellar group. This aspect has been 
very rarely compared between the two groups. Mukherjee, 
et al. [17] concluded that although the midvastus approach 
resulted in earlier SLR, it did not result in a shorter hospital 
stay, contrary to our study. The main limitations to our study 
include a relatively small sample, lack of kinematic and 
radiological assessment 

Conclusion
This study was conducted to determine if the midvastus 

approach results in early recovery, faster mobilization, 
shorter hospital stay, and improved function when compared 
with medial parapatellar approach. Even though the KSS 
knee score and KSS functional score were significantly 
higher in the midvastus group at 1st week and 6th week as 
compared with medial parapatellar group; though it became 
statistically insignificant at the 3rd month and 6th month 
follow up. Patients with midvastus approach were able to 
perform SLR significantly earlier; had less mean extensor 
lag at 1 week and had shorter hospital stay. Midvastus 
approach to TKA results in quicker functional recovery with 
early discharge and rehabilitation as compared with medial 
parapatellar approach.

References
1.	 Kurtz S, Mowat F, Ong K, Chan N, Lau E, et al. (2005) Prevalence 

of primary and revision total hip and knee arthroplasty in the United 
States from 1990 through 2002. JBJS 87: 1487-1497.

2.	 Hamilton WG, Sritulanondha S, Engh Jr CA (2011) Results of 
prospective, randomized clinical trials comparing standard and high-
flexion posterior-stabilized TKA: a focused review. Orthopedics 34: 
e500-503.

https://journals.lww.com/jbjsjournal/Abstract/2005/07000/Prevalence_of_Primary_and_Revision_Total_Hip_and.10.aspx#:~:text=The number of revision total,1990 to 35%2C000 in 2002.
https://journals.lww.com/jbjsjournal/Abstract/2005/07000/Prevalence_of_Primary_and_Revision_Total_Hip_and.10.aspx#:~:text=The number of revision total,1990 to 35%2C000 in 2002.
https://journals.lww.com/jbjsjournal/Abstract/2005/07000/Prevalence_of_Primary_and_Revision_Total_Hip_and.10.aspx#:~:text=The number of revision total,1990 to 35%2C000 in 2002.
https://pubmed.ncbi.nlm.nih.gov/21902144/
https://pubmed.ncbi.nlm.nih.gov/21902144/
https://pubmed.ncbi.nlm.nih.gov/21902144/
https://pubmed.ncbi.nlm.nih.gov/21902144/


Citation: Sinha S, Ehsan NM, Muhammed MN, Shajil S, Gowrishankar, et al. (2022) Comparison of Functional Outcome after Total Knee Arthroplasty 
by Medial Parapatellar Approach Versus Midvastus Approach: A Prospective Observational Study. J Orthop Res Ther 7: 1218 DOI: 10.29011/2575-
8241.001218

6 Volume 7; Issue 02

J Orthop Ther, an open access journal
ISSN: 2575-8241

3.	 Kelly MJ, Rumi MN, Kothari M, Parentis MA, Bailey KJ, et al. (2006) 
Comparison of the vastus-splitting and median parapatellar approaches 
for primary total knee arthroplasty: a prospective, randomized study. 
JBJS 88: 715-720.

4.	 Hofmann AA, Plaster RL, Murdock LE (1991) Subvastus (Southern) 
approach for primary total knee arthroplasty. Clinical orthopaedics and 
related research 1: 70-77.

5.	 Berth A, Urbach D, Neumann W, Awiszus F (2007) Strength and 
voluntary activation of quadriceps femoris muscle in total knee 
arthroplasty with midvastus and subvastus approaches. The Journal 
of arthroplasty 22: 83-88.

6.	 Scuderi GR, Tenholder M, Capeci C (2004) Surgical approaches in 
mini-incision total knee arthroplasty. Clinical Orthopaedics and Related 
Research 428: 61-67.

7.	 Engh GA, Holt BT, Parks NL (1997) A midvastus muscle-splitting 
approach for total knee arthroplasty. The Journal of arthroplasty 12: 
322-331.

8.	 Aslam MA, Sabir AB, Tiwari V, Abbas S, Tiwari A, et al. (2017) Approach 
to total knee replacement: a randomized double blind study between 
medial parapatellar and midvastus approach in the early postoperative 
period in asian population. The journal of knee surgery 30: 793-797.

9.	 Costa CR, Johnson AJ, Harwin SF, Mont MA, Bonutti PM (2013) 
Critical review of minimally invasive approaches in knee arthroplasty. 
The journal of knee surgery 26: 041-50.

10.	 Maru M, Akra G, McMurtry I, Port A (2009) A prospective comparative 
study of the midvastus and medial parapatellar approaches for total 
knee arthroplasty in the early postoperative period. European Journal 
of Orthopaedic Surgery & Traumatology 19: 473-476.

11.	 Altay MA, Ertürk C, Akmese R, Isikan UE (2011) Midvastus 
Versus Medial Parapatellar Approach in Total Knee Arthroplasty: A 
Comparison of Early Functional Results/Total Diz Artroplastisinde 
Midvastus Yaklasimina Karsilik Medial Parapatellar Yaklasim: Erken 
Fonksiyonel Sonuçlarin Karsilastirilmasi. Türkiye Klinikleri. Tip Bilimleri 
Dergisi 31: 1106.

12.	 Choi YJ, Ra HJ (2016) Patient satisfaction after total knee arthroplasty. 
Knee surgery & related research 28: 1.

13.	 Tenholder M, Clarke HD, Scuderi GR (2005) Minimal-incision total 
knee arthroplasty: the early clinical experience. Clinical Orthopaedics 
and Related Research 440: 67-76.

14.	 King J, Stamper D, Schaad D, Leopold S (2007) Minimally Invasive 
Total Knee Arthroplasty Compared with Traditional Total Knee 
Arthroplasty. The Journal of Bone & Joint Surgery 89: 1497-1503.

15.	 Stern SH, MoEckEL BH, Insall JN (1991) Total knee arthroplasty in 
valgus knees. Clinical orthopaedics and related research 1: 5-8.

16.	 Fauré BT, Benjamin JB, Lindsey B, Volz RG, Schutte D (1993) 
Comparison of the subvastus and paramedian surgical approaches 
in bilateral knee arthroplasty. The Journal of arthroplasty 8: 511-516.

17.	 Mukherjee P, Press J, Hockings M (2009) Mid-vastus vs medial para-
patellar approach in total knee replacement-time to discharge. The 
Iowa orthopaedic journal 29: 19.

18.	 Bäthis H, Perlick L, Blum C, Lüring C, Perlick C, et al. (2005) Midvastus 
approach in total knee arthroplasty: a randomized, double-blinded 
study on early rehabilitation. Knee Surgery, Sports Traumatology, 
Arthroscopy 13: 545-550.

19.	 Juosponis R, Tarasevicius S, Smailys A, Kalesinskas RJ (2009) 
Functional and radiological outcome after total knee replacement 
performed with mini-midvastus or conventional arthrotomy: controlled 
randomised trial. International orthopaedics 33: 1233-1237.

20.	 Alcelik I, Sukeik M, Pollock R, Misra A, Naguib A, et al. (2012) 
Comparing the mid-vastus and medial parapatellar approaches in total 
knee arthroplasty: a meta-analysis of short term outcomes. The Knee 
19: 229-36.

21.	 Peng X, Zhang X, Cheng T, Cheng M, Wang J (2015) Comparison of 
the quadriceps-sparing and subvastus approaches versus the standard 
parapatellar approach in total knee arthroplasty: a meta-analysis of 
randomized controlled trials. BMC musculoskeletal disorders 16: 1-9.

22.	 Yuan FZ, Zhang JY, Jiang D, Yu JK (2019) Quadriceps-sparing versus 
traditional medial parapatellar approaches for total knee arthroplasty: 
a meta-analysis. BMC musculoskeletal disorders 20: 1-10.

23.	 Karachalios T, Giotikas D, Roidis N, Poultsides L, Bargiotas K, et al. 
(2008) Total knee replacement performed with either a mini-midvastus 
or a standard approach: a prospective randomised clinical and 
radiological trial. The Journal of bone and joint surgery. British volume 
90: 584-591.

24.	 White Jr RE, Allman JK, Trauger JA, Dales BH (1999) Clinical 
comparison of the midvastus and medial parapatellar surgical 
approaches. Clinical orthopaedics and related research 1: 117-122.

25.	 Song MH, Kim BH, Ahn SJ, Yoo SH, Lee MS (2005) Comparison of 
midvastus and medial parapatellar approach for total knee arthroplasty. 
Journal of the Korean Orthopaedic Association 40: 902-907.

26.	 Nutton RW, Wade FA, Coutts FJ, van der Linden ML (2014) Short term 
recovery of function following total knee arthroplasty: a randomised 
study of the medial parapatellar and midvastus approaches. Arthritis 
2014.

27.	 Keating EM, Faris PM, Meding JB, Ritter MA (1999) Comparison of 
the midvastus muscle-splitting approach with the median parapatellar 
approach in total knee arthroplasty. The Journal of arthroplasty 14: 
29-32.

28.	 Zhang Z, Zhu W, Gu B, Zhu L, Chen C (2013) Mini-midvastus versus 
mini-medial parapatellar approach in total knee arthroplasty: a 
prospective, randomized study. Archives of orthopaedic and trauma 
surgery 133: 389-395.

29.	 Maestro A, Suarez MA, Rodriguez L, Guerra C, Murcia A (2000) The 
midvastus surgical approach in total knee arthroplasty. International 
orthopaedics 24: 104-107.

https://pubmed.ncbi.nlm.nih.gov/16595460/
https://pubmed.ncbi.nlm.nih.gov/16595460/
https://pubmed.ncbi.nlm.nih.gov/16595460/
https://pubmed.ncbi.nlm.nih.gov/16595460/
https://pubmed.ncbi.nlm.nih.gov/1864059/
https://pubmed.ncbi.nlm.nih.gov/1864059/
https://pubmed.ncbi.nlm.nih.gov/1864059/
https://pubmed.ncbi.nlm.nih.gov/17197313/
https://pubmed.ncbi.nlm.nih.gov/17197313/
https://pubmed.ncbi.nlm.nih.gov/17197313/
https://pubmed.ncbi.nlm.nih.gov/17197313/
https://pubmed.ncbi.nlm.nih.gov/15534520/
https://pubmed.ncbi.nlm.nih.gov/15534520/
https://pubmed.ncbi.nlm.nih.gov/15534520/
https://pubmed.ncbi.nlm.nih.gov/9113548/
https://pubmed.ncbi.nlm.nih.gov/9113548/
https://pubmed.ncbi.nlm.nih.gov/9113548/
https://pubmed.ncbi.nlm.nih.gov/28086244/
https://pubmed.ncbi.nlm.nih.gov/28086244/
https://pubmed.ncbi.nlm.nih.gov/28086244/
https://pubmed.ncbi.nlm.nih.gov/28086244/
https://pubmed.ncbi.nlm.nih.gov/23288772/
https://pubmed.ncbi.nlm.nih.gov/23288772/
https://pubmed.ncbi.nlm.nih.gov/23288772/
https://www.researchgate.net/publication/226691848_A_prospective_comparative_study_of_the_midvastus_and_medial_parapatellar_approaches_for_total_knee_arthroplasty_in_the_early_postoperative_period
https://www.researchgate.net/publication/226691848_A_prospective_comparative_study_of_the_midvastus_and_medial_parapatellar_approaches_for_total_knee_arthroplasty_in_the_early_postoperative_period
https://www.researchgate.net/publication/226691848_A_prospective_comparative_study_of_the_midvastus_and_medial_parapatellar_approaches_for_total_knee_arthroplasty_in_the_early_postoperative_period
https://www.researchgate.net/publication/226691848_A_prospective_comparative_study_of_the_midvastus_and_medial_parapatellar_approaches_for_total_knee_arthroplasty_in_the_early_postoperative_period
https://www.turkiyeklinikleri.com/article/tr-midvastus-versus-medial-parapatellar-approach-in-total-knee-arthroplasty-a-comparison-of-early-functional-result-61228.html
https://www.turkiyeklinikleri.com/article/tr-midvastus-versus-medial-parapatellar-approach-in-total-knee-arthroplasty-a-comparison-of-early-functional-result-61228.html
https://www.turkiyeklinikleri.com/article/tr-midvastus-versus-medial-parapatellar-approach-in-total-knee-arthroplasty-a-comparison-of-early-functional-result-61228.html
https://www.turkiyeklinikleri.com/article/tr-midvastus-versus-medial-parapatellar-approach-in-total-knee-arthroplasty-a-comparison-of-early-functional-result-61228.html
https://www.turkiyeklinikleri.com/article/tr-midvastus-versus-medial-parapatellar-approach-in-total-knee-arthroplasty-a-comparison-of-early-functional-result-61228.html
https://www.turkiyeklinikleri.com/article/tr-midvastus-versus-medial-parapatellar-approach-in-total-knee-arthroplasty-a-comparison-of-early-functional-result-61228.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4779800/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4779800/
https://journals.lww.com/clinorthop/Fulltext/2005/11000/Minimal_Incision_Total_Knee_Arthroplasty__The.14.aspx
https://journals.lww.com/clinorthop/Fulltext/2005/11000/Minimal_Incision_Total_Knee_Arthroplasty__The.14.aspx
https://journals.lww.com/clinorthop/Fulltext/2005/11000/Minimal_Incision_Total_Knee_Arthroplasty__The.14.aspx
https://pubmed.ncbi.nlm.nih.gov/17606788/
https://pubmed.ncbi.nlm.nih.gov/17606788/
https://pubmed.ncbi.nlm.nih.gov/17606788/
https://pubmed.ncbi.nlm.nih.gov/1959286/
https://pubmed.ncbi.nlm.nih.gov/1959286/
https://pubmed.ncbi.nlm.nih.gov/8245996/#:~:text=The subvastus knees demonstrated significantly,related to the subvastus approach.
https://pubmed.ncbi.nlm.nih.gov/8245996/#:~:text=The subvastus knees demonstrated significantly,related to the subvastus approach.
https://pubmed.ncbi.nlm.nih.gov/8245996/#:~:text=The subvastus knees demonstrated significantly,related to the subvastus approach.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2723687/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2723687/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2723687/
https://pubmed.ncbi.nlm.nih.gov/15650890/
https://pubmed.ncbi.nlm.nih.gov/15650890/
https://pubmed.ncbi.nlm.nih.gov/15650890/
https://pubmed.ncbi.nlm.nih.gov/15650890/
https://pubmed.ncbi.nlm.nih.gov/18654774/
https://pubmed.ncbi.nlm.nih.gov/18654774/
https://pubmed.ncbi.nlm.nih.gov/18654774/
https://pubmed.ncbi.nlm.nih.gov/18654774/
https://pubmed.ncbi.nlm.nih.gov/21862334/
https://pubmed.ncbi.nlm.nih.gov/21862334/
https://pubmed.ncbi.nlm.nih.gov/21862334/
https://pubmed.ncbi.nlm.nih.gov/21862334/
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-015-0783-z
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-015-0783-z
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-015-0783-z
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-015-0783-z
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-019-2482-7
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-019-2482-7
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-019-2482-7
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.90B5.20122
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.90B5.20122
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.90B5.20122
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.90B5.20122
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.90B5.20122
https://pubmed.ncbi.nlm.nih.gov/10546605/
https://pubmed.ncbi.nlm.nih.gov/10546605/
https://pubmed.ncbi.nlm.nih.gov/10546605/
https://www.semanticscholar.org/paper/Comparison-of-Midvastus-and-Medial-Parapatellar-for-Song-Kim/22f2099da9d3ee07589ba35a484f7e83671ce611
https://www.semanticscholar.org/paper/Comparison-of-Midvastus-and-Medial-Parapatellar-for-Song-Kim/22f2099da9d3ee07589ba35a484f7e83671ce611
https://www.semanticscholar.org/paper/Comparison-of-Midvastus-and-Medial-Parapatellar-for-Song-Kim/22f2099da9d3ee07589ba35a484f7e83671ce611
https://pubmed.ncbi.nlm.nih.gov/25349736/
https://pubmed.ncbi.nlm.nih.gov/25349736/
https://pubmed.ncbi.nlm.nih.gov/25349736/
https://pubmed.ncbi.nlm.nih.gov/25349736/
https://pubmed.ncbi.nlm.nih.gov/9926949/
https://pubmed.ncbi.nlm.nih.gov/9926949/
https://pubmed.ncbi.nlm.nih.gov/9926949/
https://pubmed.ncbi.nlm.nih.gov/9926949/
https://pubmed.ncbi.nlm.nih.gov/23229457/
https://pubmed.ncbi.nlm.nih.gov/23229457/
https://pubmed.ncbi.nlm.nih.gov/23229457/
https://pubmed.ncbi.nlm.nih.gov/23229457/
https://pubmed.ncbi.nlm.nih.gov/10894381/
https://pubmed.ncbi.nlm.nih.gov/10894381/
https://pubmed.ncbi.nlm.nih.gov/10894381/

