Turk J Rheumatol 2013;28(1):16-26
doi: 10.5606/tjr.2013.2392

Original Article

Comparison of Mini-squats and Straight Leg Raises in Patients with
Knee Osteoarthritis: A Randomized Controlled Clinical Trial

Diz Osteoartritli Hastalarda Mini Squat ve Diiz Bacak Kaldirma Egzersizlerinin
Karsilastirilmasi: Randomize Kontrollii Klinik Caligma
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Objectives: In this study, we aimed to compare the effects of the
straight leg raise exercise (SLRE) and mini squat exercise (MSE)
on pain intensity, performance, muscle strength, physical function
and balance in patients with knee osteoarthritis (OA).

Patients and methods: Forty female patients (mean age 59.93+10.61
years; range 30-65 years) who were admitted to Bagkent University
Hospital between February 2009 and February 2010 with bilateral
knee OA were included in this randomized controlled double-blind
clinical trial. The patients were assigned into two groups, including
SLRE and MSE. Both exercise groups were scheduled for a three-
week program of five sessions per week. Both groups also received
an electrotherapy program in each session. Knee pain using the
visual analog scale (VAS), physical performance using Timed Up
and Go (TUG) Test, isokinetic quadriceps and hamstring muscle
strengths using Cybex II, static balance using SportKAT 3000,
physical function using Knee Injury and Osteoarhtritis Outcome
Score-Physical Function Short Form (KOOS-PS) were assessed at
baseline, at treatment end, and one month after treatment end.

Results: No significant difference was found in static
balance testing parameters after exercise program (EP)
(p=0.659) and during follow-up period (p=0.327) between
the groups. There was no significant difference in KOOS-PS
scores after EP (p=0.398) and during follow-up (p=0.201)
between SLRE and MSE groups. There was no significant
difference in VAS scores after EP (p=0.149), however
significant difference was found during follow-up (p=0.030)
between SLRE and MSE groups. Mini squat exercise group
had significantly higher TUG scores and higher right knee
extensor torque at 60°sec (p=0.024), 90°sec (p=0.003),
120°/sec (p=0.005) and 180°/sec (p=0.017) compared to the
SLRE group at the end of EP.

Conclusion: Further studies are required including long-term
follow-up and the evaluation criteria of the effectiveness of SLRE
and MSE after this period.

Key words: Knee; mini squat exercises; osteoarthritis; straight leg raise
exercises.

Amag: Bu calismada diz osteoartritli (OA) hastalarda agr siddeti,
performans, kas kuvveti, fiziksel fonksiyon ve denge Uzerine diz
bacak kaldirma egzersizi (DBKE) ve mini ¢émelme egzersizinin
(MGE) etkinligi karsilastirildi.

Hastalar ve yéntemler: Subat 2009-Subat 2010 tarihleri
arasinda iki tarafli diz OA yakinmasi ile Bagkent Universitesi
Hastanesi’'ne basvuran, 40 kadin hasta (ort. yas 59.93+10.61
yil; dagilim 30-65 yil) bu randomize kontrolll, gift-kdr klinik
calismaya dahil edildi. Hastalar DBKE ve MGE olmak uzere
iki gruba ayrildi. Her iki egzersiz grubu haftada bes seanstan
olusan toplam (¢ haftalik bir programa dahil edildi. Iki grup da
her seansta elektroterapi programi aldi. Gorsel analog dlgegi
(GAOQ) ile diz agrisi, Zamanh Kalk-Yirii (ZKY) testi ile fiziksel
performans, Cybex Il ile izokinetik kuadriseps ve hamstring kas
kuvveti, Spor KAT 3.0 ile statik denge, Diz incinme ve Osteoartrit
Sonu¢ Skoru-Fiziksel Fonksiyon Kisa Formu (KOOS-PS) ile
fiziksel fonksiyon baslangicta, tedavi sonrasinda ve tedaviden
bir ay sonra degerlendirildi.

Bulgular: Statik denge parametreleri g6z &6nunde
bulunduruldugunda egzersiz programi (EP) sonrasi (p=0.659)
ve takip déneminde (p=0.327) gruplar arasi anlamh fark
bulunmadi. Egzersiz programi sonrasi (p=0.398) ve takip
déneminde (p=0.201) DBKE ve MCE gruplari arasinda KOOS-
PS skorlari agisindan anlamli fark bulunmadi. Ayrica GAO
skorlari agisindan EP sonrasinda (p=0.149) DBKE ve MCE
gruplar arasi anlamh fark bulunmamasina ragmen takip
déneminde (p=0.030) anlaml fark bulundu. Mini ¢dmelme
egzersiz grubu, DBKE grubuna kiyasla, EP sonunda anlamli
duzeyde yiksek ZKY testi skorlari ve 60°/sn (p=0.024), 90°/
sn (p=0.003), 120%sn (p=0.005) ve 180°sn’de (p=0.017) daha
ylksek sag izokinetik diz ekstansér kas kuvvetine sahipti.
Sonug¢: Uzun doénemli takipleri iceren ve bu periyottan sonra
DBKE ve MGE'nin etkinligini degerlendirebilecek kriterleri
kapsayan baska calismalara gereksinim vardir.

Anahtar sozcukler: Diz; mini ¢émelme egzersizi; osteoartrit; diz bacak
kaldirma egzersizi.
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A Randomized Controlled Clinical Trial

Osteoarthritis (OA) is the most common form of
arthritis and has one of the highest rates of
comorbidity.? Osteoarthritis of the knee typically
affects women more than men and has a prevalence
between 10-15% at age 35 and 35-45% at age 65.°! Since
it is currently the most prevalent chronic condition
among women, OA warrants serious concern.”!

The knee is the most frequently involved joint in
OA.PI Tt has been demonstrated that muscle strength
and functional capacity are reduced in patients dealing
with this malady,®”! and the functional consequences of
knee OA are associated with lower extremity mobility
limitations.®” A deterioration in quadriceps function
may cause impaired balance and gait, thus reducing
mobility and function in patients with knee OA.""!

The primary goals for OA therapy are pain
relief, maintenance of joint integrity, improvement
in functional status, and a decrease in deformity
and instability"! Active modalities such as muscle
strengthening exercises have been found to be effective
in reducing pain and disability as well as in improving
the quality of life and performance of functional
tasks in patients with knee OA. Exercises to improve
muscle strength and joint mobility often require a
considerable commitment by patients over long periods
of time."” However, their efficacy has been proven as
previous studies have found that exercise had a small-
to-moderate effect on pain, quadriceps strength, and
physical function.*1¢l

Straight leg raises and mini-squats are very
commonly prescribed to increase the strength and
control of the knee muscles.!'” Straight leg raises are a
movement with a free distal extremity that improves
the strength of the knee muscles and protects the knee
joint. Mini-squats target only the knee joint and are
performed under weight-bearing or simulated weight-
bearing conditions with a fixed distal extremity.

According to the results of previous studies, it
seems that there is no general agreement regarding
the effectiveness of the therapeutic effect of these two
exercises; therefore, this study has been designed to
investigate the effects of straight leg raises and mini-
squats on patients with knee OA.

PATIENTS AND METHODS

A randomized, controlled double-blind clinical
trial was performed to compare the effects of two
interventions: straight leg raises exercise (SLRE) and
mini-squat exercise (MSE). This study was approved by
the ethics committee of Bagkent University in Ankara,
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Turkey, and all patients gave their informed consent
before being included. The participants were diagnosed
according to the radiographic assessment of their
tibiofemoral joints by two physiatrists. The patients
were assigned at random to the one of the two exercise
groups using an online random allocation software
program (GraphPad Software QuickCalcs, GraphPad
Software Inc., La Jolla, California, USA). This free
online calculator offers a simple random allocation list
broken down into equal-sized groups after the number
of the subjects in each group and the number of the
groups are entered.

One physiotherapist evaluated the patients, and
another assigned the patients to one of the two
exercise routines. These two physiotherapists and all
participants were blind to the groups in order to
provide a double-blind procedure.

The patients in this study were recruited from
the Department of Physical Therapy at University
Hospital between February 2009 and February 2010.
Participants needed to be females between the ages
of 30 and 65 years old with bilateral knee OA of
grade 2 or 3 on the Kellgren-Lawrence classification
system as identified via a plain X-ray examination of
the tibiofemoral joint in order to meet the inclusion
criteria.l'

Subjects who reported a history of another
deformity, those who had undergone surgery on their
lower limbs, or those who had problems cooperating
with the study requirements were excluded from the
study.

A total of 57 patients were enrolled in this study. Of
these, 12 subjects did not meet the inclusion criteria,
three refused to participate, and two dropped out of
the study due to personal reasons. The remaining
40 subjects completed the full course of the study after
being randomly assigned to the mini-squat (n=20) or
straight leg raises group (n=20) (Figure 1).

Scores from the visual analog scale (VAS) for pain
were used as the basis for calculating this study’s
power. A power analysis indicated that 24 subjects for
each group were needed [common standard deviation
(£SD)=0.43] with 80% power and a 5% type 1 error.
The power analysis of our study showed a power of 73%
with pain intensity as the primary outcome.

The subjects received physical therapy modalities
including a hot pack, transcuteneous electrical
stimulation (TENS), and ultrasound (US) for 15 days
during their exercise program.
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57 patients with knee
osteoarthritis

12 subjects did not

. . Three refused to
meet the inclusion |«

criteria participate
MSE group ‘ SLRE group ‘

—> 1 dropout 1 dropout

n=20 n=20

Figure 1. Flowchart of patient selection.

The program, which featured SLRE and MSE,
was prepared according to a study conducted by
Bakhtiary and Fatemil’”! Patients in the SLRE group
did these exercises for three weeks (20 times twice
daily) with an extended knee. The number of
exercises was increased by five every two days so that
by the end of the program (day 15), the subjects were
performing 55 SLRE twice a day. To perform these
exercises, the subjects were in a supine position with
their hip and knee flexed in both extremities while
the soles of their feet were on the treatment table.

Figure 2. Straight leg raise exercise.
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They were asked to extend one leg and hold it with
an extended knee until 45° hip flexion for three-
four seconds. Then they let it down for a three-four
second rest (Figure 2).

The patients in the MSE group also followed an
exercise program for three weeks (20 times twice
daily). The increase in the exercise routine was
conducted in the same way as the other group so that
by the end of the program (day 15), the participants
were performing 55 mini-squats twice a day. To
perform the mini-squats, the subjects were asked to
stand on the lower extremity to be exercised and hold
onto a stable surface using their hands. Meanwhile
the other lower extremity was in 90° hip and knee
flexion. The subject was then ordered to flex the
extended knee 15-20° and hold this position for three-
four seconds. Then they brought it to full extension
and remained in that position for a three-four second
rest (Figure 3).

The patients were asked to carry out the exercises
55 times twice a day for four weeks after their exercise
program had ended.

Patient measurements, which included knee femoral
pain, physical performance, isokinetic quadriceps and

Figure 3. Mini-squat exercise.



A Randomized Controlled Clinical Trial

hamstring muscle strength, static standing balance,
and physical function, were performed before the first
treatment session, at the end of the exercise program,
and at the fourth week following the end of the
program.

Knee pain was measured using a VAS on which the
patients could grade their pain from “0” (no pain at all)
to “10” (the most severe pain imaginable).

The Timed Up and Go (TUG) test was incorporated
to assess functional mobility. It is a timed test in which
the subjects rise from a chair (seat height 45 cm), walk
three meters, turn around, and return to a seated
position in the chair. The subjects performed two
trials, and the average time to complete the task was
recorded. They were permitted to use the arms of the
chair as they rose from the chair and as they returned
to a seated position.” The TUG test has excellent
reliability and validity and has previously been used to
examine outcomes in persons with knee OA.2

An isokinetic dynamometer (Cybex 770 Norm,
Cybex International Inc., a division of Lumex Inc,
Ronkonkoma, New York, USA) was used to evaluate
the muscle strength of the quadriceps and hamstring
muscles, and it was calibrated at the beginning of each
evaluation. The patients were seated with their hips and
knees flexed at 90°. The axis of the dynamometer was
positioned parallel to the lateral femoral condyle. The
isokinetic strength of the quadriceps and hamstring
muscle was tested at constant angular velocities of
90°/sec and 120°sec with five repetitions at each
velocity. A 30-second rest period was allowed between
sets. The tests were conducted on both knees, and
before beginning, trial repetitions were allowed for
orientation. During the tests, the patients were verbally
encouraged.

The SportKAT 3000 kinesthetic ability trainer
(Breg, Inc., Vista, California, USA) was used to
assess static standing balance. The system involves a
centrally pivoted balance platform. When the platform
deviates from the reference position, this information
is transmitted to the computer system via a tilt sensor
connected to the front of the platform unit. On the
computer screen, a circle represents the balance
platform, and the center of the circle represents the
reference position. The circle is divided into four
quadrants referred to as “left front,” “left back,”
“right front,” and “right back,” and an individual
balance score is recorded for each of these sections.
The position of the balance platform relative to the
horizontal plane is represented by a cursor (red X)
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on the test screen. For each quadrant, the computer
system measures the distance from the cursor to
the reference position every tenth of a second. The
testing system generates seven different parametric
measurements, and the sum of the scores for each
quadrant in a test period is recorded as the overall
balance index score. This reflects the person’s ability
to keep the platform at or near the reference position.
The balance index scores range from 0 to 6000 with
lower values indicating better performance.

During the static standing balance testing, the
subjects were asked to maintain a bilateral stance
and to keep their eyes open while concentrating on
the “X” at eye level on a height-adjusted computer
screen one meter in front of them. Three trials of
testing, each lasting 30 seconds with a 10-second rest
between them, were performed.

Physical function was evaluated with the Turkish
version of the Knee Injury and Osteoarthritis Outcome
Score Physical Function short form (KOOS-PS), a
seven-item instrument measuring physical function
derived from the function, daily living and function,
and sports and recreational activity subscales of the
KOOS. As with the KOOS, it is intended to elicit
people’s opinions about the difficulties they experience
with activity due to problems with their knee. Patients
are scored by totaling their responses to the seven
items of the KOOS-PS. An interval score ranging
from 0 to 100, with zero representing no difficulty, is
obtained by using the published conversion chart.?>

Statistical analysis

The Statistical Package for the Social Sciences, (SPSS
Inc.,, Chicago, Illinois, USA) version 15.0 software
program for Windows was used to perform statistical
analyses. A chi-square test was used to test for the
dominant foot in the descriptive statistics, and the
Friedman test was used for statistical analyses within
both groups for all parameters. Pairwise comparisons
were then assessed using the Wilcoxon signed-rank test
for repeated measures with a Bonferroni adjustment.
The Mann-Whitney U test was used for analyzing the
differences between groups at the end of treatment and
control phases. A p value of <0.05 was considered to be
statistically significant.

RESULTS

There were no statistically significant differences
regarding the demographic and clinical parameters
between the MSE group and SLRE group at baseline
(p>0.05; Table 1).
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Table 1. Descriptive statistics of the participants

MSE group (n=20)

SLRE group (n=20)

Demographic data Minimum Maximum Median Minimum Maximum Median p
Age (years)** 40.00 78.00 57.50 35.00 80.00 59.50 0.456
Height (m)** 1.50 1.71 1.60 1.44 1.70 1.58 0.098
Mass (kg)** 60.00 95.00 77.00 58.00 110.00 75.00 0.968
BMI (kg/m?)** 40.06 24.02 29.32 24.44 46.99 30.75 0.499
Dominant foot*** 100% R 90% R "
10% L <0.001

n: Number of participants; R: Right; L: Left.

MSE: Mini-squat exercise; SLRE: Straight leg raise exercise; BMI: Body mass index; * p<0.05; ** Mann Whitney U test; *** Chi-square test; m: Meter; kg: Kilogram;

In addition, there were no differences in the static
balance testing parameters after the exercise program
(p=0.659) or at follow-up (p=0.327) (Table 2, 3).
Moreover, these same parameters did not change in
the two groups with treatment (p=0.117; p=0.737) and
at follow-up (p=0.881; p=0.911).

The VAS and KOOS-PS scores were lower in the
MSE group (p<0.001) and SLRE group (p<0.001) after
the exercise program (Table 4). Only the KOOS-PS
scores of the MSE group were significantly different in
the follow-up period compared with what was found
after the exercise program (p=0.004; Table 5). There
were no significant differences in the KOOS-PS scores
after the exercise program (p=0.398) and at follow-
up (p=0.201) between the two groups (Table 2, 3).
Furthermore, there were no significant differences in
the VAS scores after the exercise program (p=0.149),
but a significant difference was found at follow-up
(p=0.030) between the two exercise groups (Table 2, 3).

There was also a significant difference in the
TUG test scores in the MSE group after the exercise
routine (p<0.001) and at follow-up (p=0.015)
(Table 5), and the TUG scores improved significantly
after exercise compared with the patients’ baseline
scores (p<0.001). However, the follow-up TUG scores
were not significantly different in the MSE group when
compared with the scores before and after the exercise
program (p=0.640; Table 5).

In the MSE group, the peak torque for concentric
isokinetic right knee extension at 60°sec (p=0.007),
90°/sec (p<0.001), 120°/sec (p=0.003) and 180°/sec
(p=0.006) and the peak torque for concentric isokinetic
left knee extension at 90° (p=0.018), 120°/sec (p=0.017)
and 180°%sec (p=0.005) increased significantly after the
exercise program, but the other concentric isokinetic
knee strength parameters did not change (p>0.05). At
follow-up, except for the significant decline in the peak

torque for concentric isokinetic extension in both knees
at 120° (R, p=0.001; L, p=0.025) and the peak torque for
concentric isokinetic right knee extension at 90°sec
(p=0.008) and 180°/sec (p=0.006), the other torques did
not change significantly when compared with the MSE
group after the exercise program (p>0.05) (Table 5).

In the the group that did SLRE, no significant
differences were observed in the peak torque for
concentric isokinetic extension in both knees at all
degrees after the exercise program and at follow-up
(p>0.05; Table 5). However, a significant difference
was found in the peak torque for concentric isokinetic
flexion in both knees torque at 90%sec (R, p=0.005, L,
p=0.018) and the torque for left side flexion at 120°/sec
(p=0.049) at follow-up (Table 5).

The MSE group had significantly lower TUG test
scores and higher torque for right knee extension at
60°/sec (p=0.024), 90°/sec (p=0.003), 120%/sec (p=0.005)
and 180°/sec (p=0.017) than the SLRE group at the end
of the exercise program (Table 2, 3).

DISCUSSION

Various types of exercises have been commonly used
and are effective nonpharmacological treatment
modalities for patients with lower limb OA.2*24 A
more recent study accentuated the fact that exercise
is the core component for the management of knee
OA I Strengthening exercises are effective in reducing
pain and disability, improving the quality of life, and
slowing disease progression for all patients with OA,
but they are especially useful for patients with knee
OA.22 Tn addition, isometric, isotonic, isokinetic,
concentric, and eccentric exercises can be performed
in an open or closed kinetic chain manner to increase
muscle strength.**!

Our study evaluated the effectiveness of straight
leg raises or mini-squats when they were added to
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Table 2. Differences between groups at the end of exercise program
MSE group SLRE group

Min. Max. Med. Min. Max. Med. p
TUG (sn) 4.81 9.97 6.82 5.00 13.81 8.52 0.015*
VAS (cm) 0.00 8.00 1.50 0.00 10.00 3.00 0.149
KOOS-PS 25.00 500.00 200.00 0.00 700.00 312.50 0.398
SportKAT 170.00 3518.00 498.50 131.00 6744.00 563.00 0.659
R EXT 60°/sec 20.00 71.00 43.00 11.00 62.00 25.00 0.024*
L EXT 60°/sec 20.00 72.00 34.50 12.00 64.00 34.00 0.398
R FLEX 60°/sec 5.00 53.00 12.00 1.00 33.00 13.50 0.678
L FLEX 60°/sec 1.00 37.00 12.00 1.00 28.00 16.00 0.445
R EXT 90°/sec 14.00 61.00 37.50 0.00 50.00 20.00 0.003*
L EXT 90°/sec 8.00 56.00 31.50 11.00 53.00 27.00 0.192
R FLEX 90°/sec 1.00 39.00 13.00 0.00 24.00 8.00 0.142
L FLEX 90°/sec 0.00 31.00 8.00 1.00 27.00 8.00 0.904
R EXT 120°/sec 12.00 54.00 36.00 0.00 45.00 20.00 0.005*
L EXT 120°sec 5.00 46.00 31.00 9.00 45.00 26.00 0.174
R FLEX 120°sec 1.00 39.00 8.00 0.00 18.00 26.00 0.758
L FLEX 120°/sec 1.00 24.00 10.50 0.00 18.00 10.00 0.445
R EXT 180°/sec 7.00 65.00 30.50 0.00 20.00 7.00 0.017*
L EXT 180°/sec 1.00 38.00 23.00 8.00 34.00 18.50 0.114
R FLEX 180°/sec 1.00 31.00 7.00 9.00 42.00 22.00 0.659
L FLEX 180°/sec 1.00 20.00 6.00 1.00 15.00 4.50 0.547
Mann-Whitney U test; MSE: Mini-squat exercise; SLRE: Straight leg raise exercise; Min.: Minimum; Max.: Maximum; Med.: Median; TUG: Timed up and go; VAS:
Visual analog scale; Cm: Centimeter; KOOS-PS: Knee injury and Osteoarhtritis Outcome Physical Function short form; KAT: Kinesthetic ability trainer; R: Right; L:
Left; EXT: Extensor muscles; FLEX: Flexor muscles; Sec: Second; * p<0.05.

a traditional physical therapy program in patients functional losses in OA. However, after completing
with knee OA. Both types of exercises exhibited that an outpatient physical therapy program, continuation
they can be used to reduce pain and disease-related of these beneficial effects depends on the patient’s

Table 3. Differences between groups at follow-up

MSE group SLRE group
Min. Max. Med. Min. Max. Med. p

TUG (sn) 5.76 10.00 7.25 5.48 19.80 9.10 0.327

VAS (cm) 0.00 7.00 1.00 0.00 10.00 2.87 0.030*

KOOS-PS 0.00 500.00 200.00 0.00 700.00 292.50 0.201

SportKAT 88.00 3791.00 424.00 88.00 2492.00 844.15 0.327

R EXT 60°/sec 20.00 58.00 40.00 8.00 64.00 36.00 0.108

L EXT 60°/sec 19.00 69.00 30.50 3.00 64.00 30.50 0.947

R FLEX 60°/sec 4.00 52.00 13.50 1.00 33.00 15.50 0.758

L FLEX 60°/sec 1.00 27.00 11.00 1.00 39.00 15.00 0.165

R EXT 90°/sec 14.00 52.00 33.50 1.00 47.00 27.00 0.174

L EXT 90°/sec 5.00 49.00 28.50 1.00 45.00 25.50 0.947

R FLEX 90°/sec 5.00 56.00 13.00 1.00 34.00 15.00 0.925

L FLEX 90°/sec 1.00 24.00 7.50 1.00 37.00 14.00 0.142

R EXT 120°/sec 12.00 47.00 29.50 1.00 47.00 23.00 0.369

L EXT 120°/sec 0.00 42.00 24.00 1.00 39.00 23.50 0.968

R FLEX 120°/sec 1.00 50.00 13.00 1.00 26.00 15.00 0.529

L FLEX 120°/sec 0.00 22.00 6.50 0.00 30.00 14.50 0.149

R EXT 180°/sec 0.00 43.00 18.00 0.00 35.00 18.00 0.495

L EXT 180°/sec 12.00 43.00 22.00 1.00 31.00 15.50 0.076

R FLEX 180°/sec 0.00 15.00 3.00 0.00 16.00 8.50 0.102

L FLEX 180°/sec 0.00 16.00 5.00 0.00 16.00 9.50 0.091

Mann Whitney-U Test; MSE: Mini-squat exercise; SLRE: Straight leg raise exercise; Min.: Minimum; Max.: Maximum; Med.: Median; TUG: Timed up and go; VAS:

Visual analog scale; Cm: Centimeter; KOOS-PS: Knee injury and Osteoarhtritis Outcome Physical Function short form; KAT: Kinesthetic ability trainer; R: Right; L:

Left; EXT: Extensor muscles; FLEX: Flexor muscles; Sec: Second; * p<0.05.
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Table 4. Differences in the parameters between the mini-squat exercise and straight leg raises exercise groups

MSE group SLRE group
Minimum Maximum Median p Minimum Maximum  Median p

TUG test (sec) BEP 5.92 14.75 7.75 5.97 25.65 10.12
AEP 4.81 9.97 6.82 <0.001* 5.00 13.81 8.52 0.001*
F 5.76 10.00 7.25 5.48 19.80 7.36

VAS (cm) BEP 0.00 10.00 7.50 0.00 10.00 5.50
AEP 0.00 8.00 1.50 <0.001* 0.00 10.00 3.00 <0.001*
F 0.00 7.00 1.00 0.00 10.00 2.00

KOOS-PS BEP 75.00 600.00 425.00 175.00 700.00 437.50
AEP 25.00 500.00 200.00 <0.001* 0.00 700.00 312.50 <0.001*
F 0.00 500.00 200.00 0.00 700.00 300.00

KAT BEP 210.00 4825.00 546.00 123.00 2611.00 634.00
AEP 170.00 3518.00 498.50 0.522 131.00 6744.00 563.00 0.951
F 88.00 3791.00 424.00 88.00 2492.00 782.00

R EXT 60°/sec BEP 14.00 56.00 32.50 7.00 56.00 22.50
AEP 20.00 71.00 43.00 0.029* 11.00 62.00 25.00 0.220
F 20.00 58.00 40.00 8.00 64.00 36.00

L EXT 60°/sec BEP 20.00 62.00 31.00 5.00 53.00 29.00
AEP 20.00 72.00 34.50 0.348 12.00 64.00 34.00 0.188
F 19.00 69.00 30.50 3.00 64.00 30.50

R FLEX 60°/sec BEP 1.00 50.00 16.00 1.00 28.00 9.00
AEP 5.00 53.00 12.00 0.741 1.00 33.00 13.50 0.050
F 4.00 52.00 13.50 1.00 33.00 15.50

L FLEX 60°/sec BEP 1.00 27.00 15.50 0.00 27.00 9.00
AEP 1.00 37.00 12.00 0.909 1.00 28.00 16.00 0.050
F 1.00 27.00 11.00 1.00 39.00 15.00

R EXT 90°/sec BEP 9.00 38.00 33.00 4.00 47.00 19.50
AEP 14.00 61.00 37.50 <0.001* 0.00 50.00 20.00 0.744
F 14.00 52.00 33.50 1.00 47.00 27.00

L EXT 90°/sec BEP 18.00 49.00 23.50 4.00 46.00 21.50
AEP 8.00 56.00 31.50 0.011* 11.00 53.00 27.00 0.327
F 5.00 49.00 28.50 1.00 45.00 25.50

R FLEX 90°/sec BEP 3.00 42.00 14.00 1.00 22.00 6.00
AEP 1.00 39.00 13.00 0.750 0.00 24.00 8.00 <0.001*
F 5.00 56.00 13.00 1.00 34.00 15.00

L FLEX 90°/sec BEP 1.00 20.00 10.00 0.00 22.00 7.00
AEP 0.00 31.00 8.00 0.662 1.00 27.00 8.00 0.020*
F 1.00 24.00 7.50 1.00 37.00 14.00

R EXT 120°/sec BEP 9.00 42.00 25.00 3.00 43.00 18.00
AEP 12.00 54.00 36.00 <0.001* 0.00 45.00 20.00 0.064
F 12.00 47.00 29.50 1.00 47.00 23.00

L EXT 120°/sec BEP 16.00 42.00 23.00 4.00 45.00 19.00
AEP 5.00 46.00 31.00 0.030* 9.00 45.00 26.00 0.153
F 0.00 42.00 24.00 1.00 39.00 23.50

R FLEX 120°/sec BEP 1.00 24.00 10.00 1.00 19.00 4.00
AEP 1.00 39.00 8.00 0.476 0.00 18.00 10.00 0.116
F 1.00 50.00 13.00 1.00 26.00 15.00

L FLEX 120°/sec BEP 1.00 22.00 5.00 0.00 19.00 5.00
AEP 1.00 24.00 10.50 0.029* 0.00 20.00 7.00 0.042*
F 0.00 22.00 6.50 0.00 30.00 14.50

R EXT 180°/sec BEP 7.00 34.00 17.50 4.00 39.00 15.00
AEP 7.00 65.00 30.50 0.029* 8.00 34.00 18.50 0.211
F 0.00 43.00 18.00 0.00 35.00 18.00

L EXT 180°/sec BEP 9.00 28.00 18.50 3.00 35.00 14.50
AEP 1.00 38.00 23.00 <0.001* 9.00 42.00 22.00 0.059
F 12.00 43.00 22.00 0.00 35.00 18.00

R FLEX 180°/sec BEP 1.00 23.00 6.00 0.00 16.00 4.00
AEP 1.00 31.00 7.00 0.118 1.00 15.00 4.50 0.424
F 0.00 15.00 3.00 0.00 15.00 8.50

L FLEX 180°/sec BEP 0.00 15.00 7.00 0.00 16.00 4.00
AEP 1.00 20.00 6.00 0.591 0.00 14.00 4.00 0.598
F 0.00 16.00 5.00 0.00 16.00 9.50

MSE: Mini-squat exercise; SLRE: Straight leg raise exercise; TUG: Timed Up and Go; Sec: second; BEP: Before exercise program; AEP: After exercise program; F:
Follow-up; VAS: Visual analog scale; Cm: centimeter; KOOS-PS: Knee injury and Osteoarhtritis Outcome Physical Function short form; KAT: Kinesthetic ability
trainer; R: Right; EXT: Extensor muscles; L: Left; FLEX: Flexor muscles; * p<0.05.




A Randomized Controlled Clinical Trial

compliance with exercise at home. The study also
highlighted the advantage of mini-squats with regard to
quadriceps strength and functional gains in knee OA.

Bakhtiary and Fatemi” found similar pain
reduction and higher levels of increased strength of
the quadriceps muscle in patients doing mini-squats

Table 5. Differences in the parameters between the mini-
squat exercise and straight leg raises exercise groups
MSE group SLRE group
p P

TUG test (sec) BEP/AEP <0.001*§ <0.001*§
AEP/F 0.015*§ 0.640$

VAS (cm) BEP/AEP <0.001*§ <0.001*§
AEP/F 0.200$ 0.302$

KOOS-PS BEP/AEP <0.001*$ <0.001*§
AEP/F 0.004*$§ 0.493§

KAT BEP/AEP 1.000# 1.000#
AEP/F 1.000# 1.000#

R EXT 60°/sec BEP/AEP 0.007*§ 0.5604#
AEP/F 0.148$ 1.000#

L EXT 60°/sec BEP/AEP 0.495# 0.218#
AEP/F 0.251# 0.986#

R FLEX 60°/sec BEP/AEP 1.000# 0.128#
AEP/F 1.000# 0.121#

L FLEX 60°/sec BEP/AEP 1.000# 0.222#
AEP/F 1.000# 0.586#

R EXT 90°/sec BEP/AEP <0.001*$§ 1.000#
AEP/F 0.008*$§ 1.000#

L EXT 90°/sec BEP/AEP 0.018*$ 0.095#
AEP/F 0.061$ 1.000#

R FLEX 90°/sec BEP/AEP 1.000# 0.363$
AEP/F 1.000# 0.005*$

L FLEX 90°/sec BEP/AEP 1.000# 0.034*§
AEP/F 0.951# 0.018*§

R EXT 120°/sec BEP/AEP 0.003*§ 0.220#
AEP/F 0.001*$§ 1.000#

L EXT 120°sec BEP/AEP 0.017*$§ 0.109#
AEP/F 0.025*§ 1.000#

R FLEX 120°/sec BEP/AEP 1.000# 0.3894#
AEP/F 1.000# 0.280#

L FLEX 120°/sec  BEP/AEP 0.462$ 0.086$
AEP/F 0.035%*$ 0.049%§

R EXT 180°/sec BEP/AEP 0.006*§ 0.277#
AEP/F 0.006*§ 1.000#

L EXT 180°/sec BEP/AEP 0.005*§ 0.041*#
AEP/F 0.327§ 0.563#

R FLEX 180°/sec BEP/AEP 1.000# 1.000#
AEP/F 0.047*# 1.000#

L FLEX 180°/sec ~BEP/AEP 1.000# 1.000#
AEP/F 1.000# 0.256#

MSE: Mini-squat exercise; SLRE: Straight leg raise exercise; TUG: Timed

Up and Go; Sec: second; BEP: Before exercise program; AEP: After exercise

program; F: Follow-up; VAS: Visual analog scale; Cm: centimeter; KOOS-PS:

Knee injury and Osteoarhtritis Outcome Physical Function short form; KAT:

Kinesthetic ability trainer; R: Right; EXT: Extensor muscles; L: Left; FLEX:

Flexor muscles; § Wilcoxon test; # Bonferroni correction test * p<0.05.
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compared with those performing straight leg raises
in the treatment of patellar chondromalacia. They
also noted that the reduction in VAS scores did not
change at the two-week follow-up. As we indicated
previously, our exercise protocol matched this study,
but there were considerable differences between the
two studies. In our study, knee OA patients were
included, the traditional physical therapy program
was accompanied by either straight leg raises or
mini-squats, and the evaluation parameters were
more detailed. Based on our clinical experiments
and a review of the literature, we were aware of the
exercise barriers faced by OA patients; therefore,
we preferred to implement an exercise protocol that
consisted of only the two types of exercise. The
subjects in both groups were compatible for age and
body mass index (BMI), and we hypothesized that the
type of exercise in and of itself might be responsible
for all observed treatment effects between the MSE
and SLRE groups. Despite the higher average age
of our sample, their improvements in strength and
pain perception after treatment and at the four-week
follow-up were consistent with the aforementioned
study by Bakhtiary and Fatemi.['”

Our outcomes were examined in relation to previous
reports. For example, one study which compared the
effects of straight leg raises and mini-squats included
patients with patella femoral pain rather than OA
patients.?”

Both Bakhtiary and Fatemi'” and Witvrouw et
al.?”) used straight leg raises as an open kinetic chain
exercise (OKCE) and mini-squats as a closed kinetic
chain exercise (CKCE) in their programs targeting
knee muscles. Straight leg raises increase knee muscle
strength and protect the knee without including the
knee joint while mini-squats strengthen knee muscles
by including the knee joint.

Since the late 1990s, CKCEs have become more
important because this type of exercise has been more
closely related to function than OKCEs.®! According
to the literature, CKCEs are more functional than
OKCEs because they occur in a range of motion
more closely corresponding to typical daily
activities.’>*" Also, some studies have demonstrated
that the functional evaluations of the CKCE group
were better than those of the OKCE group.?”! Our
study results related to the TUG test supported the
literature. Functional improvement was observed
in both groups, but this improvement was more
significant in the MSE group.
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Knight et al.®! suggested that straight leg raises
would be as effective as active knee extension in
developing quadriceps femoris muscle strength.
Although these exercises are often given to strengthen
the quadriceps muscle, especially the vastus medialis,
they also target the hip flexors. In a few studies in
the literature, straight leg raises were preferred as an
exercise for the hip joint. In one of those studies, the
rectus femoris, iliacus, adductor longus, and psoas
muscles demonstrated similar activity according to
electromyogram (EMG) analysis. Moreover, three
muscles began to contract even before the psoas
muscle.®?) Because of the bi-articular structure of
the rectus femoris part of the quadriceps muscle, we
preferred straight leg raises.

We looked into muscle strength changes following
treatment programs, and despite a similar decrease in
pain perception in both groups, the mini-squat group
had increases only in the peak torques involving
concentric isokinetic extension, whereas those
straight leg raises group had increases only in the
peak torques involving concentric isokinetic flexion.
It should be noted that these parameters did not
change significantly at follow-up.

We found an increase in knee extensor strength in
the mini-squat group and an increase in knee flexor
strength in the straight leg raises group. Gravity may
be a reason for this result. In straight leg raises, as the
leg is raised, the knee flexors contract eccentrically
against gravity, but in mini-squats, as the knee
is bent, the knee extensors contract eccentrically
against gravity. Similar studies have demonstrated
the existence of eccentric activity of the quadriceps
muscle during mini-squats, which seems to support
our opinion.[”3334

We searched for possible causes for the insufficient
decrease in pain and decline in some evaluation
parameters at the follow-up period and agreed
that the patients’ low adherence to exercise may
be an important factor. Previous reports have also
demonstrated that noncompliance to home exercise
programs was common among OA patients.!>?¢ It
has been well documented that commitment to a
home exercise program is essential for maintaining
the long-term benefits of exercise in OA patients and
controlling the adherence to these exercises is an
important responsibility for clinicians working with
these patients.?**3! Unfortunately, a limitation of
our study was that the exercise adherence rate was not
evaluated in our sample.
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Another limitation of our study was that 24 patients
per group should be recruited as a sample size in order
to reach 80% power. Our study only had 20 patients
per group.

The literature has emphasized that OA is
characterized by short-term fluctuations in pain
and disability,”” and it has also been suggested that
measurements in intervention studies should be
frequent.”®! Hence, if we could have repeated the
measurements more frequently, perhaps the results at
follow-up would have been different.

The balance index score did not change
significantly after treatment in our exercise groups.
In our opinion, the short treatment duration along
with the choice of one single exercise for both groups
may explain this result. It has been stated that
the integrity and control of sensorimotor systems
have important roles in maintaining balance and
producing a smooth, stable gait. Thus, impairments
in the function of the quadriceps muscle in knee OA
may lead to a deterioration in gait and balance.l***
Providing feedback from the co-contraction of the
muscles on either side of the joints as well as increasing
balance and proprioception are some of the superior
benefits of mini-squats.***1 However, the two
exercise programs were not sufficient for improving
the balance index scores in our study. According to
a study associated with EMG results, the primary
trigger signal of automatic balance corrections is
provided by hip or trunk proprioceptive inputs,
with knee inputs providing only a supplementary
trigger signal.* Knee proprioseptive training or
balance training most likely would have provided
additional benefits for our patients. The knee muscle
strengthening exercises in our sample did not, on
their own, enhance balance.

According to our results, mini-squats could
be viewed as being helpful for strengthening the
quadriceps muscle, and they have the advantage of
providing functional progression in patients with
knee OA. On the other hand, the straight leg raises
group in our study saw increases in the strength of
the knee flexor muscle. It has been demonstrated
that quadriceps weakness is correlated with knee
pain, and another study indicated that this muscle
plays a crucial role in maintaining knee stability
and functionality in patients with knee OA.**! The
study by Maly et al.® indicated that either quadriceps
or hamstring muscle strength were very important
mechanical factors related to mobility limitations
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in OA. Based on our findings and other studies in
the literature, it is not possible to categorically say
whether straight leg raises or mini-squats should
be preferred in cases of knee OA. One recent study
evaluated these two exercises in association with
patellofemoral pain syndrome, and the researcher
concluded that more than one treatment might be
appropriate and that a patient-centered approach
was favorable.!**]

In conclusion, the continuation and congruity
problems of OA patients should be considered
when choosing an appropriate exercise program.
The physiotherapist should select the exercise type
according to each patient’s clinical characteristics,
limitations, needs, and interests. Future research
is needed regarding straight leg raises and mini-
squats, and this should include an evaluation of their
effectiveness after long-term follow-up.
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