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Abstract

Objective: In total knee arthroplasty, the minimally-invasive approach 
has been claimed to enable earlier rehabilitation because it spares 
the femoral quadriceps muscle. To check the influence of preserv-
ing the extensor apparatus during surgery, the strength of knee 
extension and flexion muscles was evaluated in patients submitted 
to total knee arthroplasty with different approaches. Materials and 
Methods: The values of maximum torque and total work obtained 
by isokinetic dynamometry six months after surgery were compared 
for the Minimally invasive surgery group constituted of 12 individuals 

Isokinetic evaluation of patients 

submitted to total knee arthroplasty
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INTRODUCTION

The knee can be affected by degenerative processes, changing 
its function. The incidence of knee osteoarthrosis is increasing as 
population’s life expectation and physical activities practiced by 
individuals at older age groups increase.1 

Total knee arthroplasty (TKA) is an efficient therapeutic method for 
functional recovery and for pain relief. With the increased preva-
lence of symptomatic osteoarthrosis, TKA surgery has become 
more frequent.1 Between 1996 and 1997, TKA accounted for 56% 
of joint replacement surgeries performed in the United States 
(USA).2 According to the U.S. National Center of Health Statistics, 
299,000 total knee arthroplasties were performed in 2000, and the 
American Association of Orthopaedic Surgeons (AAOS) estimates 
that 475,000 total knee arthroplasties will be performed in 2030. 
Different access ports for TKA surgery have been studies. The tran-
squadricipital access port is the most used one.3 Also, the access 
port with vastus medialis muscle dissection4 and the access port 
below vastus lateralis muscle have been described.5 More recently, 
the access port sparing the femoral quadriceps muscle, named as 
minimally-invasive access port, has been described.6 
Isokinetic dynamometry is currently one of the most accurate meth-
ods for muscle assessment. 7 

The objective of the present study is to compare, by means of an 
isokinetic dynamometer, muscle strength of the knee of patients sub-
mitted to total arthroplasty surgery by a minimally-invasive access 
port and by transquadricipital access port after six months of surgery, 
using as parameters, the maximum torque, total work, and the ratio 
between maximum torque of extensor and flexor knee muscles. 

submitted to total knee arthroplasty by the minimally invasive surgi-
cal approach and the Control group, constituted of eight patients 
submitted to total knee arthroplasty by the transquadricipital ap-
proach, between January 2005 and July 2006. Results: Statistical 
analysis of the absolute values for maximum torque and total work 
adjusted for body weights did not show differences between both 
groups. Conclusion: There was no difference in the extension and 
flexion strength of the knee muscles six months after surgery.

Keywords: Arthroplasty replacement knee. Knee prosthesis. 
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MATERIALS AND METHODS

This paper reflects an interventive, prospective, almost randomized 
study involving patients with degenerative knee conditions indicat-
ed to surgical treatment by total knee arthroplasty. selection criteria 
included: female gender, age group between 55 and 75 years; 
presence of moderate orteoarthrosis; no improvement of pain even 
with non-operative therapy; absence of varus or valgus knee defor-
mities above 10 degrees; absence of contraction at flexion above 
15 degrees; presence of knee range of motion above 100 degrees; 
ability to understand and follow medical and physiotherapeutic 
guidelines; no history of previous surgery on the affected knee; 
anesthetic risk corresponding to ASA I or II (usually healthy or with 
mild systemic disease) 8; no contraindication to regional blockage 
anesthesia; absence of rheumatic conditions; absence of serious 
hypertrophic arthritis; absence of serious osteoporosis.
The exclusion criteria were the following: inability to perform test 
with the isokinetic dynamometer; contraindication to the proposed 
rehabilitation protocol due to postoperative complications. 
Twenty-six patients were selected and submitted to TKA via tran-
squadricipital access port (control group) or via minimally-invasive 
access port (MIS group) according to surgery schedule sequence 
and dependant on the routine of the service. Each technique was 
employed on thirteen patients by knee surgeons of the same hospi-
tal. The transquadricipital access port was performed as described 
by Insall3 and Scuderi9, and  the minimally-invasive access port was 
performed as described by Tria6 and by Bonutti et al.10

All study subjects were made aware of the procedures to which 
they would be submitted, having signed a free and informed con-
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sent term. The Committee of Ethics for Research Projects Analysis 
approved the protocol and the consent term. 
The “Hospital of Special Surgery” questionnaire was applied at 
the preoperative phase, then at the completion of the rehabilitation 
program and six months postoperatively to all patients. 
Patients groups were submitted to the same anesthesia protocol, 
with analgesia and clinical control, considering each patient’s 
clinical status, and customizing modifications when necessary. 
All patients were submitted to the same rehabilitation protocol 
for twelve weeks. The objectives of the physical therapy were: 
relieve pain; strengthen musculature; mobilize joints, particularly 
on the operated knee; teach exercises for maintaining range of 
motion and muscle strength, as well as to minimize postoperative 
complications. 
Of the patients included on MIS group, one could not continue in 
the study because she presented with a lateral patellar disloca-
tion on the second postoperative month. In the control group, 
some patients (five) lost isokinetic dynamometry follow-up on the 
sixth postoperative month. Thus, this case series is composed 
by 20 subjects, 12 of which were submitted to total knee arthro-
plasty through a minimally-invasive access port, and eight pa-
tients submitted to total knee arthroplasty through transquadri-
cipital access port. 
The anthropometric measures of studied patients are listed on 
table 1. Mean surgery times and the use of tourniquet are de-
scribed on table 2. 

All patients were submitted to computed isokinetic dynamometry 
on flexor and extensor knee musculature six months after surgery 
with a dynamometer Byodex System 3 Pro. Flexion and extension 
tests were performed with an angular speed of 60 °/s. Each test 
was performed with the patient in sedestation and with belts fas-
tened around thorax, abdomen, thigh root and on the region above 
the knee to be examined intending to limit patient’s movements. 
A built-in device on the dynamometer concomitantly corrected 
gravidity effect.
Absolute values for maximum torque and total work, as well as the 
adjusted values for body weight, were measured on both groups. 
All values correspond to concentric contractions. 
The average values for anthropometric variables, for the scores of 
HSS scale evaluations, for surgery time and tourniquet use time 
parameters, and for the scores of isokinetic evaluation tests for 
Control group and MIS group were compared by means of the 
Student’s t test. 
Variance premises and distributions were assessed for apply-
ing mean values comparison test. In addition, the Mann-Whit-
ney non-parametric test was applied for comparing distribu-
tions. A significance level of 5% was adopted for all comparisons 
(p=0.05).
We conducted the Sperman’s and the Pearson’s tests to assess 
the existence or not of statistical correlation between parameters 
such as age, surgery time, tourniquet use time, and total work 
values. 

RESULTS

The results are shown on tables 3, 4, 5, 6 and 7. 
The anthropometric measures show similar distributions, except 
for age variable, which, by the Mann-Whitney test, indicated a 
statistical difference with p=0.04. MIS group shows lower mean 
ages as compared to control group with a statistical difference. 
Mean values for surgery time and tourniquet use time are differ-
ent, being higher in the MIS group. However, total work values 
adjusted by body weight in extension and flexion do not show 

Table 1 – Mean values, standard deviation (SD), median, minimum and 
maximum for variables weight, age, height, and body mass index (BMI) found 
on patients of MIS and control groups

Variable Group Mean SD Median Minimum Maximum

Weight1
MIS 73.4 6.2 73.0 63.0 80.0

Control 79.9 11.2 81.5 62.0 94.0

Age2
MIS 63.0 5.0 63.5 55.0 73.0

Control 67.9 4.1 68.0 62.0 73.0

Height3
MIS 1.59 0.07 1.60 1.46 1.68

Control 1.60 0.07 1.61 1.50 1.70

BMI4
MIS 29.07 3.19 29.69 23.38 32.87

Control 31.23 5.03 32.01 24.22 37.80

NOTE: Number of cases per group: MIS = 12 , Control = 8.
(1) Weight as kilograms (2)	
(3) Age as years
(4) Height as meters
(4) Body mass index as kg/m2

Table 2 – Mean values, standard deviation (SD), median, minimum and 
maximum for variables surgery time and tourniquet use time found for patients 
of MIS and Control groups

Variable Group Mean SD Median Minimum Maximum

Surgery time1
MIS 134.0 30.7 131.0 99.0 210.0

Control 102.5 16.9 100.0 85.0 135.0

Tourniquet use 
time2

MIS 137.8 18.9 139.0 109.0 170.0

Control 64.5 34.2 45.0 37.0 120.0

NOTE: Number of cases per group: MIS = 12 , Control = 8.
(1) Surgery time as minutes
(2) Tourniquet use time as minutes

Table 3 – Results of the statistical analysis comparing mean values for variables 
weight, age, height, body mass index (BMI), surgery time and tourniquet use 
time according to MIS and Control groups 

Variable Group Mean P value

Weight1
MIS 73.4

0.114
Control 79.9

Age2
MIS 63.0

0.035
Control 67.9

Height3
MIS 1.59

0.744
Control 1.60

BMI4
MIS 29.07

0.252
Control 31.23

Surgery time1
MIS 134.0

0.017
Control 102.5

Tourniquet use time2
MIS 137.8

<0.001a

Control 64.5
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Table 4 – Mean values, standard deviation (SD), median, minimum, maximum 
and comparison of mean scores by HSS functional score at preoperative 
period, at the end of rehabilitation program and at six months postoperatively 
in patients of MIS and Control groups

Variable Group Mean SD Median Minimum Maximum
Comparison 

of mean 
values 4

HSS Pre1
MIS 54.6 9.2 55.0 37.0 70.0

p=0.36
Control 50.1 11.9 46.5 32.0 70.0

HSS After 
3 months2

MIS 90.8 3.7 92.0 85.0 95.0
p=0.02

Control 83.6 9.1 87.5 68.0 92.0

HSS After 
6 months3

MIS 91.0 3.33 92.0 85.0 95.0
p=0.74

Control 90.5 2.98 91.5 84.0 93.0
NOTE: Number of cases per group: MIS = 12 , Control = 8.
(1) Preoperative values
(2) Values achieved at the end of rehabilitation program after 12 weeks of surgery
(3) Values achieved at isokinetic test six months after surgery
(4) P value according to Student’s t test

Table 5 – Mean values, standard deviation (SD), median, minimum, maximum 
and comparison of mean values for maximum torque in absolute and body 
weight-adjusted values for MIS and Control groups

Maximum 
Torque

Group Mean SD Median Minimum Maximum
Comparison 

of mean 
values5 

Extension1
MIS 48.1 12.2 52.8 28.2 62.3 p=0.680

Control 52.3 26.1 46.0 19.2 88.3

Flexion2
MIS 31.8 11.6 31.9 15.7 52.9 p=0.354

Control 37.0 12.4 36.5 21.6 60.0

Extension 
CPC3

MIS 67.3 18.8 72.4 38.2 96.7 p=0.624

Control 72.9 32.0 82.2 25.3 116.5

Flexion 
CPC4

MIS 44.8 18.5 42.7 22.7 85.6 p=0.412

Control 51.2 13.0 52.0 30.8 67.2
NOTE: Number of cases per group: MIS = 12, Control = 8.
(1) Absolute value for maximum torque in extension as Nxm
(2) Absolute value for maximum torque in flexion as Nxm
(3) Value of maximum torque in extension adjusted by body weight 
(4) Value of maximum torque in flexion adjusted by body weight 
(5) P value achieved with the Student’s t test(6)

Table 6 – Mean values, standard deviation (SD), median, minimum, maximum 
and comparison of mean values for total work in absolute and body weight-
adjusted values for MIS and Control groups

Total work Group Mean SD Median Minimum Maximum
Comparison 

of mean 
values5 

Extension
MIS 44.1 15.8 47.6 18.7 63.4

p=0.470
Control 52.7 30.0 47.7 17.4 99.5

Flexão2
MIS 27.2 12.5 23.0 11.3 50.8

p=0.278
Control 33.5 12.2 33.2 16.7 58.3

Extension 
CPC3

MIS 62.0 23.8 66.6 25.3 96.3
P=0.403

Control 73.6 37.2 84.0 22.9 131.3

Flexion 
CPC4

MIS 37.6 19.4 31.2 15.0 76.6
p=0.281

Control 46.5 14.1 45.3 27.1 67.3
NOTE: Number of cases per group: MIS = 12 , Control = 8.
(1) Absolute value for total work in extension as Joules (2)
(3) Absolute value for total work in flexion as Joules
(4) Value of total work in extension adjusted by body weight (5) (6)
(7) Value of total work in flexion adjusted by body weight 
(8) P value achieved with the Student’s t test(9)	

Table 7 – Mean values, standard deviation (SD), median, minimum, maximum 
and comparison of mean values of the correlation between knee flexor and 
extensor musculature torque for MIS and control groups 

Group Mean SD Median Minimum Maximum
Comparison 

of mean 
values¹

MIS 69.6 27.2 66.9 27.9 119.7
p=0.411

Control 80.8 31.9 68.7 43.0 137.1

NOTE: Number of cases per group: MIS = 12 , Control = 8.
P value achieved with the Student’s t test(1)	

statistical correlation with the values for surgery time, garrote times 
or patients’ ages.
The values for isokinetic dynamometry did not show difference 
between groups. 
Hospital of Special Surgery questionnaire scores did not show 
differences preoperatively and six months postoperatively. There 
was a difference at the end of the 12-week rehabilitation program, 
with MIS group showing a higher mean value. 

Discussion

The use of inclusion criteria similar to the ones suggested by Tria6 
and Berger et al.7 aimed to provide a more homogeneous group 
of patients to be studied. Only patients with osteoarthrosis were 
included, because patients with other knee joint degeneration 
etiologies, such as rheumatoid arthritis, may present a different 
postoperative evolution of motor strength.11 The choice for female 
patients is also a result of the difference on maximum torque be-
tween men and women.12

Patients’ age was limited, because comparing patients older than 
75 years and younger than 55 years could show a significant 
strength difference due to age.13,14 In the study by Tria and Coon15 

patients’ age ranged from 51 to 84 years (mean: 67 years), and, in 
the study by Berger et al.12 age ranged from 50 to 79 years (mean: 
68 years). In our study, a difference was found in the mean values 
for age, but the statistical analysis showed no correlation between 
isokinetic dynamometry parameters and age. The youngest patient 
in this study (55 years old), belonging to the MIS group, achieved 
strength values below average.
As we studied aged women not practicing sports and with knee 
osteoarthrosis, we chose not to assess dominant and non-domi-
nant sides.13,14 

The kind of anesthesia and pain relief was standardized in order 
to enable patients to start rehabilitation protocol with the same 
status. 
Concerning surgery time and tourniquet use time, despite of find-
ing differences between the averages for both studied groups, we 
didn’t find correlation between these parameters and isokinetic 
dynamometry values. As our study was conducted at six months 
postoperatively, we believe that this variation between both studied 
groups does not cause bias to the results. 
the preoperative evaluation with the scores of the Hospital of Spe-
cial Surgery questionnaire has shown that the study started with two 
groups functionally equivalent. At six months postoperatively, pa-
tients operated by both access ports also showed to be equivalent 
from a functional point of view. Perhaps there is a functional differ-
ence at early postoperative period, up to 12 weeks after surgery. 
For us, performing the test at six months postoperatively seemed 
to be appropriate because this would be a moment in which the 
patient could theoretically perform usual activities with no restric-
tions, but still under the influence of surgery.16 



2524 2524

  1 . 	Cross WW, Saleh KJ, Wilt TJ, Kane RL. Agreement about indications for total knee 
arthroplasty. Clin Orthop Relat Res. 2006;446:34-9.

  2 . 	Weinstein J. The dartmouth atlas of musculoskeletal health care. Chicago: AHA 
Press; 2000.

  3. 	Insall JN. A midline approach to the knee. J Bone Joint Surg Am. 1971;53:1584-86. 
  4. 	Engh GA, Holt BT, Parks NL. A midvastus muscle-splitting approach for total knee 

arthroplasty. J Arthroplasty. 1997;12:322-31. 
  5. 	Hofmann AA, Plaster RL, Murdock LE. Subvastus (Southern) approach for pri-

mary total knee arthroplasty. Clin Orthop Relat Res. 1991;269:70-7.
  6. 	Tria AJ Jr. Advacements in minimally invasive total knee arthroplasty. Orthoped-

ics. 2003;26(8 Suppl):S859-63. 
  7. 	Molczyk L, Thigpen LP, Eickhoff J, Goldgar D, Gallagher JC. Reliability of testing 

the knee extensors and flexors in healthy adult women using a Cybex II isokinetic 
dynamometer. J Orthop Sports Phys Ther. 1991;14:37-47.

  8. 	American Society of Anestesiologists. New classification of physical status. An-
esthesiology. 1963;24:11.

  9. 	Scuderi GR. Surgical approaches to the knee. In: Scott WN, editor. Insall & Scott 
surgery of the knee. 4th Philadelpha: Churchil-Livingstone; 2006. p.120-41.

10. 	Bonutti PM, Neal DJ, Kester MA. Minimal incision total knee arthroplasty using the 
suspended leg technique. Orthopedics. 2003;26:899-903.

11. 	Hsieh LF, Didenko B, Schumacher R, Torg JS. Isokinetic and isometric testing of 
knee musculature in patients with rheumatoid arthritis with mild knee involvement. 
Arch Phys Med Rehabil. 1987;68:294-7. 

12.	 Berger RA, Sanders S, Gerlinger T, Valle CD, Jacobs JJ, Rosemberg AG. Out-
pacient total knee arthroplasty with minimally invasive technique. J Arthroplasty. 
2005;20:33-8. .

13. 	Borges O. Isometric and iscokinetic knee extension and flexion torque in men 
and women aged 20-70. Scand J Rehabil Med. 1989;21:45-53.

14. 	Aquino MA, Leme LEG. Isokinetic dynamometry in elderly women undergoing 
total knee arthroplasty: a comparative study. Clinics. 2006;61:215-22.

15. 	Tria AJ Jr, Coon TM. Minimal incision total knee arthroplasty: early experience. 
Clin Orthop Relat Res. 2003;416:185-90.

16. 	Lorentzen JS, Petersen MM, Brot C, Madsen OR. Early changes in muscle 
strength after total knee arthroplasty. A 6 month follow up of 30 knees. Acta Or-
thop Scand. 1999; 70:176-9.

17. 	Chang CH, Chen KH, Yang RS, Liu TK. Muscle torques in total knee arthroplasty with 
subvastus and parapatellar approachs. Clin Orthop Relat Res. 2002;398:189-95.

18. 	Faure BT, Benjamin JB, Lindsey B, Volz RG, Schutte D. Comparison of the sub-
vastus and paramedian surgical approaches in bilateral knee arthroplasty. J Ar-
throplasty. 1993;8:511-6. 

19. 	Keating EM, Faris PM, Meding JB, Ritter MA. Comparision of the midvastus mus-
cle-splitting approch with the median parapatellar approach in the total knee ar-
throplasty. J Arthroplasty. 1999:14:29-32.

20. 	Cila E, Guzel V, Ozalay M, Tan J, Simsek SA, Kanatli U, Ozturk A. Subvastus 
versus medial parapatellar approach in the total knee arthroplasty. Arch Orthop 
Trauma Surg. 2002;122:65-8.

21. 	Chen AF, Alan RK, Redziniak DE, Tria AJ Jr. Quadriceps sparing total knee re-
placement. The initial experience with results at two to four years. J Bone Joint 
Surg Br. 2006;88:1448-53.

22. 	Kim YH, Sohn KS, Kim JS. Short-term results of primary total knee arthro-
plasties performed with a mini-incision or a standart incision. J Arthroplasty. 
2006;21:712‑8.

23. 	Kolisek FR, Bonutti PM, Hozack WJ, Purtill J, Sharkey PF, Zelicof SB, et al. Clinical 
experience using a minimally invasive surgical approach for total knee arthro-
plasty. Early results of a prospective randomized study compared to standard 
approach. J Arthroplasty. 2007;22:8-13.

24. 	Silva M, Shepherd EF, Jackson WO, Pratt JA, McClung CD, Schmalzried TP. 
Knee strength after total knee arthroplasty. J Arthroplasty. 2003;18:605-11. 

25. 	Albulquerque RFM, Angelini FJ, Pecora JR, Amatuzzi MM, Sasaki SU. Artroplas-
tia total do joelho assistida por computador. Acta Ortop Bras. 2006;14:199-202. 

REFERENCES  

Acta Ortop Bras. 2009; 17(1):22-5

We didn’t find equivalent studies in literature, and the existent stud-
ies assess different access ports. According to Chang et al.17, the 
access under vastus medialis muscle shows a stronger femoral 
quadriceps force than the transquadricipital access at six months 
postoperatively. Concerning methodology, the study by Chang 
et al.17 is different from this one, because it compares operated 
knees with “normal” sides of the same individual. We don’t think 
this method is appropriate, because the “normal” side of an aged 
individual with knee osteoarthrosis usually presents some degree 
of compromise reducing muscular strength.16 

Faure et al.18 and Keating et al.19, when compare the transquad-
ricipital access port and the access port under vastus medialis 
muscle in patients submitted to TKA in both knees, did not find dif-
ference for strength. From a methodological point of view, the use 
of bilaterally operated patients is interesting, because it standard-
izes patient as case and control. It is worthy to mention that this 
method can, on the other hand, show bias on the side operated 
later as having stronger muscular strength due to a longer physical 
therapy time required. We highlight that these studies compare to 
accesses hurting femoral quadriceps muscle. 
Cila et al.20 found a difference for strength between the access port 
under vastus medialis muscle and the transquadricipital access port 
with six weeks of surgery, but they did not find difference at three 
and six months. In our study, the functional scale score showed 
difference between groups at the end of rehabilitation program, 
which was not repeated when performing isokinetic evaluation at 
six months postoperatively. On the other hand, performing isokinetic 
dynamometry at six weeks of surgery may be too early, not allow-
ing patients to apply maximum force during the test. Anyway, in a 
retrospective analysis, we consider that performing isokinetic dyna-
mometry at different moments after surgery would be interesting. 

Although this is not the object of this study, we found superiority 
on patients submitted to surgery via minimally-invasive access port 
at the end of a 12-week rehabilitation period for range of motion 
and for functional scores, similarly to the results found by Chen et 
al.21 Oppositely, Kim et al.22 and Kolisek et al.23 didn’t find statistical 
differences on functional scores using the Knee Society scale, but 
reported that the group operated through the minimally-invasive 
access port shows a higher average. 
Some authors such as Tria and Coon15 and Berger et al.12 have 
demonstrated the benefits of minimally invasive surgery in knee 
arthroplasty, such as smaller surgical incision, shorter hospitaliza-
tion time, less postoperative pain and earlier ambulation without 
requiring orthosis. Still concerning the preservation of extensor 
apparatus in knee arthroplasty, Silva et al.24 say that a stronger 
quadriceps strength is associated to better scores in functional 
assessments. Despite not presenting a learning curve and lower 
surgical exposure, less invasive and aggressive surgeries are a 
medical and orthopaedic trend in the 21st century. Perhaps, the 
association of techniques such as computer-guided surgery, which 
enables good outcomes in implants alignment25 with the minimally 
invasive access port come to be used more frequently in knee 
arthroplasties. 

Conclusion

The comparison of muscular strength by means of an isokinetic 
dynamometer allowed us to conclude that there is no difference in 
knee extensor and flexor musculature strength and at six months 
postoperatively among patients submitted to total knee arthroplasty 
using a minimally invasive access port and a transquadricipital 
access port.




