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Abstract
Introduction

Gonarthrosis (G) is a progressive disease that affects the knee joint and causes pain and limitation of
movement in the knee. The determination of the morphometric status of G patients has been a subject of
interest recently. The purpose of this study is to determine how hamstring length (HL) and patellofemoral
angle (Q angle [QA]) affect the ability of individuals with G to maintain balance.

Methods

A total of 80 (40 G patients and 40 in the control group [CG]) participants aged 40-65 were included in the
study. A goniometer was used to measure the participants' QA. The mean age of the participants was
50.18%7.16 in the G group and 51.40%+6.64 in CG. HL was measured using the sit-and-reach test. Participants’
dynamic balance state was evaluated using the Y balance test by stepping in the following directions: right-
anterior (R-An), right-posteromedial (R-Pm), right-posterolateral (R-P1), left-anterior (L-An), left-
posteromedial (L-Pm), and left-posterolateral (L-Pl).

Results

According to the results of this research, the balance performance of G patients was significantly lower in all
directions (R-An, R-Pm, R-PI, L-An, L-Pm, L-Pl) compared to the CG. In both groups, R-QA, L-QA, and HL
did not change. However, linear regression analysis indicated that in G patients, R-QA, L-QA, and HL
affected balance performance. No significant interaction was found between these parameters and balance
performance in the CG.

Conclusion

HL and QA have a significant role in determining body balance. In our study, we found that QA decreased in
G patients, leading to genu varum in these individuals. The hamstring muscle shortening observed in G
patients significantly negatively affected balance, especially in the R-An, R-Pm, L-An, L-Pm, and L-P1
directions. For healthcare professionals preparing treatment protocols for G patients, we recommend
providing exercises to improve balance, especially in these directions.
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Introduction

Osteoarthritis is the most common disease affecting the synovial joints and most commonly affecting the
knee joint. Knee osteoarthritis is called gonarthrosis (G) [1,2]. In individuals over the age of 65, radiographic
findings accompany the condition in 80% of cases, and one-third of those cases are symptomatic [3].
According to data from the World Health Organization, G is the fourth most common cause of disability in
women and the eighth most common cause in men [4]. It is the most common pathology in G patients,
especially in elderly individuals. Genu varum deformity (GVD) due to pain and loss of strength is common in
these individuals [1]. The most practical way to determine GVD is by measuring the patellofemoral angle (Q
angle [QA]) [5].

QA is commonly used in the kinematic evaluation of the knee joint and lower extremity [6]. QA is the angle
of the quadriceps femoris muscle and is defined as the acute angle where the midline of the patella intersects
with the line from the anterior superior of the spina iliaca anterior superior to the midpoint of the patella
medially and laterally with the tibial tuberosity. This angle is known to have an effect on patellar translation
[6,7]. It is believed that when QA is above 15-20 degrees, it impairs the extension mechanism of the knee
joint and increases the tendency of the patella to shift laterally, leading to femoral pain [8]. Abnormally low
values of QA have been emphasized to cause various pains and injuries [7].
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The ideal way to choose a treatment plan for G patients is to evaluate their postural characteristics. Finding
the physical and physiological traits that interact with one another is crucial for understanding treatment
and enhancing performance in G patients [9]. Coronal tibial inclination has been identified as an important
risk factor, especially in G patients with varus deformity [10]. The posterior cruciate ligament relaxes when
the knee is flexed, increasing varus-valgus laxity and range of motion in the knee [11].

The shortening of the hamstring muscles makes a significant contribution to the occurrence of the G. While
hamstring muscle tension increases the possibility of injury to the musculoskeletal system, it also prepares
the ground for the formation of G. Along with diseases including patella femoral pain syndrome [12], patellar
tendinitis [13], and lumbar disc herniation [14], short hamstrings are thought to be a major contributing
factor in G. Short hamstrings can affect a person's ability to balance and their quality of life [15]. The impact
of hamstring tightness on the biomechanics of G patients and how the measurement of QA, a clinical sign of
G, affects people's balance in these pathologies remain unclear despite the literature's abundance of papers
on the diagnosis and treatment of G patients.

Materials And Methods

To determine the sample size for the study, a power analysis was conducted using the G-Power program,
with a type I error (a) of 0.05, a power (1-B) of 0.80, and an effect size of 1.3 [16]. As a result of the analysis,
it was determined that there should be 36 participants for each group, 40 in the control group (CG) and 40 G
patients, in the research. The study included individuals between 40 and 65 years of age who had not
undergone any surgical procedures in the knee region and had no lower extremity amputations. Individuals
who had undergone knee surgery or had knee implants or had mental health issues were excluded from the
study. The study included patients diagnosed with G and treated in Bandirma Onyedi Eyliil University
Physical Medicine and Rehabilitation Service and individuals who were treated in the same service and did
not have any pathology in their lower extremities.

G patients included in the study were diagnosed with G stage 3 and stage 4 based on the Kellgren-Lawrence
classification and were recommended for surgery but refrained from undergoing the procedure due to
various reasons (presence of a pandemic, fear of surgery, etc.) [3].

Ethical aspect of the study

The study was conducted with the approval of the Bandirma Onyedi Eylul University Non-Interventional
Ethics Committee on June 21, 2023 (protocol number 2023/6). The study was carried out in accordance with
the principles of the Helsinki Declaration, and each participant provided voluntary informed consent by
signing a consent form.

Study design

After recording the participants' sociodemographic information, QA was measured using a goniometer and
scaled in degrees. The sit-and-reach test was used to determine hamstring length (HL) and recorded in
centimeters (cm). The Y balance test was used to evaluate the balance status of the participants and was
scaled as %.

The ages of the participants were calculated in years. A barefoot steel stadiometer was used to measure their
height and was recorded in centimeters. Their weight was measured in kilograms while standing without
shoes using a Tanita BC Segmental Body Analysis System (Tanita Corporation, Tokyo, Japan).

Baseline® device (Cooper Institute/YMCA, AAHPERD [American Alliance for Health, Physical Education,
Recreation and Dance], Baltimore, MD, USA) was used for the test. Before the measurement, the individuals
were asked to sit with their heels placed on the testing device and warmed up by reaching forward three
times. Then, the individuals’ arm length was determined on the device, and they were asked to reach forward
as far as they could with their fingertips pushing the measurement apparatus without lifting their knees.
Measurements were taken three times, and the average was recorded [17].

Evaluation of QA

The subject was lying supine on a flat examination table when the QA was taken, and both lower limbs were
fully extended with the quadriceps muscle relaxed. The right knee was used to take the measurement. The
measurements were taken using a computerized goniometer of the Lafayette brand. The anterior superior
iliac spine, the center of the patella, and the tibial tubercle all had markers applied to them. The middle of
the patella was in line with the midpoint of the goniometer. The arm of the goniometer was aligned with the
anterior superior iliac spine point, and the other arm was aligned with the tibial tubercle point, and the QA
was measured in degrees [18].

Y balance test

Balance was evaluated using the Y balance test. Participants were asked to stand on one foot at the center of
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Parameters
Age (year)

Weight (kg)
Height (cm)

BMI (kg/m?)

the testing device and touch their toe to the anterior, posteromedial, and posterolateral directions while
maintaining balance with the other foot. Hands were placed on the hips, and full contact with the
supporting surface was ensured. After six attempts in each direction for both legs, the tests were repeated
three times. Patients were asked to perform the Y balance test by stepping in the following directions: right-
anterior (R-An), right-posteromedial (R-Pm), right-posterolateral (R-P1), left-anterior (L-An), left-
posteromedial (L-Pm), and left-posterolateral (L-Pl). The average of each direction was calculated and
recorded in centimeters relative to leg length [19].

Statistical analysis

SPSS Version 25 (IBM Corp., Armonk, NY, USA) was used for statistical analysis in this study. The normality
analysis of the data in the study was determined according to the Kolmogorov-Smirnov test, and it was
determined that the data were normally distributed. In addition, Levene's test was applied for homogeneity
of variances. As a result, the independent sample t-test was applied for statistical operations between CG
and G groups. Linear regression analysis was applied to determine the relationship between QA and HL and
balance performance indicators. In the study, the effect sizes were determined according to Cohen's d
formula and according to the following formula: 0.2 means low effect, 0.5 means medium size, and 0.8 and
above means high effect size. The level of significance in the study was determined as 0.05.

Results

Upon examining the demographic data of the study, there was no statistically significant difference between
the mean age of the CG (51.40%6.64) and the mean age of the G patients (50.18%7.16) (p=0.493). Similarly,
there was no significant difference in the mean weight between the CG (70.33+18.05) (kg) and the G patients
(69.31+15.01) (kg) (p=0.809). However, the mean height of the CG (170.86%£9.91) (cm) was significantly higher
compared to the mean height of the G patients (160.09%6.24) (cm) (p<0.001). Additionally, there was a
statistically significant difference favoring the CG when comparing the mean BMI of G patients (26.92%5.14)

(kg/m?) to the mean BMI of the CG (23.77%4.21) (kg/m 2) (p=0.011) (Table 1).

CG, mean = SD G, Mean = SD p-value
51.40+6.64 50.18+7.16 0.493
70.33+18.05 69.31+15.01 0.809
170.86+9.91 160.09+6.24 <0.001**
23.77+4.21 26.9215.14 0.011***

TABLE 1: Demographic information of participants

BMI, body mass index; CG, control group; G, gonarthrosis

**p <0.001; **p < 0.01

In Table 2, the results of QA, HL, and Y balance test of the participants were compared. According to the
results, there was no significant difference between G and CG in terms of R-QA, L-QA, and HL (p>0.05).
However, in G patients, R-An (t=4.841, p<0.001, Cohen's d=1.23), R-Pm (t=6.384, p<0.001, Cohen's d=1.62),
R-PI (t=5.046, p<0.001, Cohen's d=1.28), L-An (t=5.077, p<0.001, Cohen's d=1.29), L-Pm (t=4.652, p<0.001,
Cohen's d=1.18), and L-PI1 (t=4.613, p<0.001, Cohen's d=1.17) values were significantly lower compared to the
CG (Figure I and Table 2).
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95% CI
Parameters Group N Mean % SD t p-value Cohen’s d
Lower

CG 40 10.467+1.38

R-QA (angle) 1.742 0.087 0.44 -0.063
G 40 9.906+1.14
CG 40 10.467+1.38

L-QA (angle) 1.457 0.150 0.37 -0.134
G 40 9.969+1.30
CG 40 -5.400+10.01

HL (cm) -0.966 0.338 -0.24 -0.744
G 40 -3.28147.10
CG 40 116.144+15.59

R-An (%) 4.841 <0.001** 1.23 0.682
G 40 98.660+£12.78
CG 40 123.063+22.29

R-Pm (%) 6.384 <0.001** 1.62 1.041
G 40 95.498+9.67
CG 40 128.969+26.98

R-PI (%) 5.046 <0.001** 1.28 0.730
G 40 101.995+13.23
CG 40 119.712+14.49

L-An (%) 5.077 <0.001** 1.29 0.737
G 40 102.782+11.69
CG 40 119.970+26.06

L-Pm (%) 4.652 <0.001** 1.18 0.637
G 40 97.378+8.43
CG 40 127.925+27.51

L-PI (%) 4.613 <0.001** 117 0.628
G 40 104.336+8.69

TABLE 2: Comparison of participants’ Q angles, hamstring lengths, and Y balance test
performances

G, gonarthrosis; CG, control group; R-QA, right Q angle; L-QA, left Q angle; HL, hamstring length; R-An, right-anterior; R-Pm, right-posteromedial; R-PI,

right-posterolateral; L-An, left-anterior; L-Pm, left-posteromedial; L-PI, left posterolateral

**p < 0.01

Upper

0.945

0.871

0.256

1.770

2.193

1.826

1.835

1.719

1.709
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FIGURE 1: Comparison of participants' Q angles, hamstring lengths, and
Y balance test performances

CG, control group; G, gonarthrosis; HL, hamstring length; R-An, right-anterior; R-Pm, right-posteromedial; R-PI,
right-posterolateral; L-An, left-anterior; L-Pm, left-posteromedial; L-PI, left posterolateral

In Table 3, the linear regression results between R-QA, L-QA, and HL of G patients and balance performance
parameters were analyzed. According to the results, there was a significant and high-level relationship
between R-QA results of G patients and R-An (t=6.177, p<0.001, 95% CI: 0.172 to 0.344), R-Pm (t=-3.512,
p=0.002, 95% CI: -0.190 to -0.049), R-P1 (t=-4.980, p<0.001, 95% CI: -0.138 to -0.057), L-An (t=-5.932,
p<0.001, 95% CI: -0.331 to -0.161), L-Pm (t=6.319, p<0.001, 95% CI: 0.206 to 0.405), and L-PI (t=-5.184,
p<0.001, 95% CI: -0.308 to -0.133). Similarly, G patients' L-QA results were significantly and highly
correlated with R-An (t=7.165, p<0.001, 95% CI: .234 to .423), R-Pm (t=-2.983, p=0.006, 95% CI: -0.188 to -
0.035), R-PI (t=-4.882, p<0.001, 95% CI: -0.149 to -0.061), L-An (t=-7.275, p<0.001, 95% CI: -0.425 to -0.237),
L-Pm (t=6.743, p<0.001, 95% CI: .249 to .468), and L-PI (t=-6.557, p<0.001, 95% CI: -0.403 to -0.210).
Furthermore, G patients' HL results showed a significant and high-level relationship with R-An (t=-4.113,
p<0.001, 95% CI: -1.889 to -0.628), R-Pm (t=4.899, p=0.006, 95% CI: .708 to 1.734), L-An (t=2.095, p=0.046,
95% CI:.011 to 1.261), L-Pm (t=-4.667, p<0.001, 95% CI: -2.383 to -0.924), and L-PI (t=5.641, p<0.001, 95%
CI: 1.116 to 2.399) (Table 3).
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Coefficients
Dependent variables Predictors 95% ClI R2
B SE B t p-value
Lower Upper
CONSTANT 24.312 3.058 7.951 18.014 30.609
R-An -0.258 0.042 2.880 6.177 0.172 0.344
R-Pm -0.119 0.034 -1.009  -3.512  0.002* -0.190 -0.049
R-QA
R-PI -0.098 0.020 -1.127  -4.980  0.001* -0.138 -0.057 0.758
L-An -0.246 0.041 -2.509  -5.932 -0.331 -0.161
L-Pm 0.306 0.048 2.249 6.319 0.206 0.405
L-PI -0.221 0.043 -1.672  -5.184 -0.308 -0.133
CONSTANT 29.997 3.358 8.932 23.080 36.913
R-An 0.329 0.046 3.216 7.165 0.234 0.423
R-Pm -0.111 0.037 -0.826  -2.983  0.006**  -0.188 -0.035
L-QA R-PI -0.105 0.022 -1.064  -4.882 -0.149 -0.061 0.776
L-An -0.331 0.046 -2.963  -7.275 -0.425 -0.237
L-Pm 0.358 0.053 2.311 6.743 0.249 0.468
L-PI -0.306 0.047 -2.037  -6.557 -0.403 -0.210
CONSTANT -104.288  22.391 -4.658 -150.404 -58.173
R-An -1.259 0.306 -2.265  -4.113 -1.889 -0.628
R-Pm 1.221 0.249 1.663 4.899 0.708 1.734
HL R-PI 0.205 0.144 0.382 1.429 0.165 -0.091 0.501 0.662
L-An 0.636 0.304 1.047 2.095 0.046* 0.011 1.261
L-Pm -1.653 0.354 -1.962  -4.667 -2.383 -0.924
L-PI 1.757 0.311 2.150 5.641 1.116 2.399

TABLE 3: Comparison of linear regression analysis results between balance performance with R-
QA, L-QA, and HL of patients with gonarthrosis

R-QA, right Q angle; L-QA, left Q angle; HL, hamstring length; R-An, right-anterior; R-Pm, right-posteromedial; R-PI, right-posterolateral; L-An, left-
anterior; L-Pm, left-posteromedial; L-PI, left-posterolateral

*p < 0.05. **p < 0.006

Discussion

It was discovered in this study that the balance performance of G patients was considerably worse in all
directions (R-An, R-Pm, R-Pl, L-An, L-Pm, L-Pl) compared to the CG when hamstring tightness and QA
measurement were assessed. R-QA, L-QA, and HL did not significantly differ between the two groups,

though. However, it was found that R-QA, L-QA, and HL significantly influenced balance performance in G
patients based on the findings of the linear regression analysis, whereas no such interaction was seen in the
CG.

Obesity and being overweight are considered important risk factors, especially in G patients. The results of a
study in the literature showed a significant reduction in the risk of developing symptomatic and
radiographic G in women who lost weight [20]. In our study, the BMI measurements of G patients were
significantly higher. We believe that excessive weight increases the load on the lower extremities in G
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patients, leading to hamstring tightness and degeneration of the knee joint. The lack of mobilization in
patients with G may cause these individuals to gain weight. For this reason, it is thought that there is a need
for randomized controlled studies examining the causes of physical inactivity in patients with G [21].

An increase in QA in the knee leads to genu varum, while a decrease in QA leads to genu valgum. Tension is
formed medially in the knee in the genu varum and laterally in genu valgum. In both cases, the body's center
of gravity is altered, resulting in increased load on the lower extremities, especially the knee [22]. It has been
reported that G patients tend to have genu varum. The reason for this is suggested to be the weakening of
the vastus lateralis part of the medial quadriceps femoris and the tightness in the hamstring muscles in G
patients [23,24]. In our study, although the QA angle in patients with G did not differ from that of CG, it was
found to be lower on average. It is thought that the most important factor in the formation of this situation
is due to the low mean age of the patients with G, who constitute the population of our study. In a recent
study, it was concluded that the deterioration of QA in female G patients is frequently seen after the age of
60 [25]. For this reason, we think that the results of our research will contribute to the literature on the early
diagnosis of QA deterioration in women with G and when the rehabilitation process begins.

Although the exact cause of hamstring tightness is not fully understood, it is believed to be primarily due to
disuse atrophy and lack of activation [25]. Thus, the significant reason for the strength deficit in G patients
appears to be related to hamstring muscle strength [26,27]. In our study, although HL was shorter in G
patients, it was not statistically significant. However, we concluded that HL directly influenced balance
performance in G patients. In the literature, no significant changes were observed in knee flexor strength in
patients with grade 2 or higher. Another study with grade 2 and above patients found that the isometric
torque of the hamstring muscle group in G patients was weaker compared to healthy controls [28]. The
hamstring muscles are not only the primary mechanism of knee flexion but also crucial muscle groups that
cushion the joint and protect it from eccentric contraction during the support phase of walking, resulting in
limb deceleration. Pathologies such as hamstring tightness can disrupt the body's balance and lead to gait
abnormalities [29]. In our study, HL was shorter in G patients, and the regression analysis showed that it
significantly negatively affected balance, especially in the R-An, R-Pm, L-An, L-Pm, and L-PI directions.

Ahlback observed an average decrease of 11% in extension strength in CG and grade 1 and 2 G patients. In
grade 4 G, they observed a 45% decrease compared to the CG [30]. In our study, we evaluated grade 3 and 4 G
patients and did not observe a statistically significant difference in HL despite the muscles being shorter in
G patients. We believe that this discrepancy may be due to the differences in factors such as age and BMI
among the G patients in our study compared to the literature.

Based on the observations in the light of studies in the literature, the decrease in QA in G patients leading to
genu varum and the force loss due to hamstring muscle shortening may result in impaired knee stability,
leading to balance deficits. Additionally, impaired balance can lead to a reduction in daily life activities,
progressive functional loss, decreased independence in walking, and difficulties in stair climbing [30- 32]. In
our study, we found that G patients experienced balance deficits in all directions in both right and left knees
due to hamstring muscle shortening and decrease in QA.

Limitations

In this research, only the relationship between QA and balance performance was analyzed. Further studies
can investigate the effects of G on mobilization by conducting different functional tests. In our study, there
were differences between the two groups in terms of BMI and height. Therefore, future studies that
comprehensively examine BMI and height measurements in G patients are needed. One of the most
important limitations of our research is that HL was performed with the sit-and-reach test. It is thought that
more specific results will be obtained in studies where HL is analyzed by ultrasonographic methods in more
suitable laboratory environments. Again, in our study, patients with G were examined cross-sectionally.
Longer-term cohort studies will provide a detailed analysis of the reasons for the deterioration of balance
performance due to QA and HL.

Conclusions

HL and QA have a significant role in determining body balance. In our study, we found that QA decreased in
G patients, leading to genu varum in these individuals. The hamstring muscle shortening observed in G
patients significantly negatively affected balance, especially in the R-An, R-Pm, L-An, L-Pm, and L-P1
directions. For healthcare professionals preparing treatment protocols for G patients, we recommend
providing exercises to improve balance, especially in these directions. Although HL did not differ according
to CG in G patients, it was found to play an important role in determining balance performance. It is
thought that studies to increase hamstring muscle length in the rehabilitation of patients with G will also
increase balance performance. Additionally, our study revealed that G patients had a higher BMI compared
to the CG, highlighting the negative impact of excess weight on the knee. In this context, we think that the
results of our research will be a reference for the health personnel dealing with these patient groups.

Additional Information
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References

1. Al Arfag A, Davis P: Osteoarthritis 1991. Current drug treatment regimens . Drugs. 1991, 41:193-201.
10.2165/00003495-199141020-00005

2. Cunningham LS, Kelsey JL: Epidemiology of musculoskeletal impairments and associated disability. Am |
Public Health. 1984, 74:574-9. 10.2105/ajph.74.6.574

3. Felson DT, Naimark A, Anderson |, Kazis L, Castelli W, Meenan RF: The prevalence of knee osteoarthritis in
the elderly. The Framingham Osteoarthritis Study. Arthritis Rheum. 1987, 30:914-8.
10.1002/art.1780300811

4. Murray CJ, Lopez AD: Evidence-based health policy--lessons from the Global Burden of Disease Study .
Science. 1996, 274:740-3. 10.1126/science.274.5288.740

5. Citaker S, Kaya D, Yuksel I, Yosmaoglu B, Nyland ], Atay OA, Doral MN: Static balance in patients with
patellofemoral pain syndrome. Sports Health. 2011, 3:524-7. 10.1177/1941738111420803

6.  Schulthies SS, Francis RS, Fisher AG, Van de Graaff KM: Does the Q angle reflect the force on the patella in
the frontal plane?. Phys Ther. 1995, 75:24-30. 10.1093/ptj/75.1.24

7. Wilson T, Kitsell F: Is the Q-angle an absolute or a variable measure?: measurement of the Q-angle over one
minute in healthy subjects. Phys Ther. 2002, 88:296-302. 10.1016/50031-9406(05)61422-8

8. Byl T, Cole JA, Livingston LA: What determines the magnitude of the Q angle? A preliminary study of
selected skeletal and muscular measures. ] Sport Rehabil. 2000, 9:26-34. 10.1123/jsr.9.1.26

9. CulluE, Aydogdu S, Alparslan B, Sur H: Kubbe tipi yiiksek tibial osteotomi sonrasi Sagital plandaki tibial
egim degisiklikleri. Adnan Menderes Universitesi Tip Fakiiltesi Dergisi. 2000, 1:27-32.

10. Driban JB, Stout AC, Duryea J, et al.: Coronal tibial slope is associated with accelerated knee osteoarthritis:
data from the Osteoarthritis Initiative. BMC Musculoskelet Disord. 2016, 17:299. 10.1186/s12891-016-1158-
9

11.  Schilling JF, Murphy JC, Bonney JR, Thich JL: Effect of core strength and endurance training on
performance in college students: randomized pilot study. ] Bodyw Mov Ther. 2013, 17:278-90.
10.1016/j.jbmt.2012.08.008

12.  Yalaki UC: Patellofemoral Agrida $ok Dalga Tedavisinin Etkinliginin Degerlendirilmesi. Bursa Uludag
University, Bursa, Turkey; 2021. http://search.proquest.com.

13.  Tamer FS, Tedavi F: Hamstring Kas Kisaliginin Diz Eklemi Proprioseptif Duyusuna Etkisi. Hacettepe
Universitesi, Ankara, Turkey; 2013. http://nek.istanbul.edu.tr.

14.  Ciftci R: The effects of Q angle and hamstring length on balance performance in patients with lumbar disc
hernia. Med Rec. 2023, 5:518-22. 10.37990/medr.1309485

15.  Tiitiinciiler E: Total diz artroplastisi uygulanan primer gonartroz tanili hastalarda preoperatif ve
postoperatif dsnemde denge ve diigme riskinin kargilagtirilmasi: prospektif caligma. Pamukkale Universitesi,
Denizli, Turkey; 2020.

16. Simoneau GG: The impact of various anthropometric and flexibility measurements on the sit-and-reach
test. | Strength Cond Res. 1998, 12:232-7.

17.  Elioz M, Tiilin A, Ajlan S, Yamak B: Sporcu ve sedanterlerde Q agisi ile bazi fiziksel 6zellikler arasindaki
iliskinin incelenmesi. SPD. 2015, 6:58-65. 10.17155/spd.76168

18.  18.Keklik SS, Akbas AN, Cobanoglu G: Saglikli Bireylerde Kor Kas Enduransi. Denge, Postiir, Govde
Propriyosepsiyonu ve Fiziksel Aktivite Seviyesinin Cinsiyetler A¢isindan Karsilastirilmasi. FORBES. 2023,
4:37-44. 10.4274/forbes.galenos.2022.16056

19. Felson DT, Zhang Y, Anthony JM, Naimark A, Anderson JJ: Weight loss reduces the risk for symptomatic
knee osteoarthritis in women. The Framingham Study. Ann Intern Med. 1992, 116:535-9. 10.7326/0003-
4819-116-7-535

20. Tempelhaug E: A case study of the physiotherapy treatment of gonarthrosis (arthrosis of the knee joint) .
Faculty of Physical Education and Sport, Karlova University, Prague, Czech; 2012.

21. Caliskan E, Igdir V, Dogan O, Bicimoglu A: Primary total knee replacement leads to an increase in physical
activity but no changes in overall time of sedentary behaviour: a retrospective cohort study using an
accelerometer. Int Orthop. 2020, 44:2597-602. 10.1007/s00264-020-04720-9

22.  Asik M, Sen C, Kilic B, Goksan SB, Ciftci F, Taser OF: High tibial osteotomy with Puddu plate for the
treatment of varus gonarthrosis. Knee Surg Sports Traumatol Arthrosc. 2006, 14:948-54. 10.1007/s00167-
006-0074-1

23.  Lootvoet L, Massinon A, Rossillon R, Himmer O, Lambert K, Ghosez J: [Upper tibial osteotomy for
gonarthrosis in genu varum. Apropos of a series of 193 cases reviewed 6 to 10 years later] [in French]. Rev
Chir Orthop Reparatrice Appar Mot. 1993, 79:375-84.

24. Hafez AR, Al-Johani AH, Zakaria AR, Al-Ahaideb A, Buragadda S, Melam GR, Kachanathu SJ: Treatment of
knee osteoarthritis in relation to hamstring and quadriceps strength. ] Phys Ther Sci. 2013, 25:1401-5.
10.1589/jpts.25.1401

25.  Adegoke B, Mordi E, Akinpelu O, Jaiyesimi A: Isotonic quadriceps-hamstring strength ratios of patients with

knee osteoarthritis and apparently healthy controls. Afr ] Biomed Res. 2007, 10:211-6.
10.4314/ajbr.v10i3.50633

2023 Ciftci et al. Cureus 15(8): e43615. DOI 10.7759/cureus.43615

8of9


https://dx.doi.org/10.2165/00003495-199141020-00005
https://dx.doi.org/10.2165/00003495-199141020-00005
https://dx.doi.org/10.2105/ajph.74.6.574
https://dx.doi.org/10.2105/ajph.74.6.574
https://dx.doi.org/10.1002/art.1780300811
https://dx.doi.org/10.1002/art.1780300811
https://dx.doi.org/10.1126/science.274.5288.740
https://dx.doi.org/10.1126/science.274.5288.740
https://dx.doi.org/10.1177/1941738111420803
https://dx.doi.org/10.1177/1941738111420803
https://dx.doi.org/10.1093/ptj/75.1.24
https://dx.doi.org/10.1093/ptj/75.1.24
https://dx.doi.org/10.1016/S0031-9406(05)61422-8
https://dx.doi.org/10.1016/S0031-9406(05)61422-8
https://dx.doi.org/10.1123/jsr.9.1.26
https://dx.doi.org/10.1123/jsr.9.1.26
http://hdl.handle.net/11607/2247
https://dx.doi.org/10.1186/s12891-016-1158-9
https://dx.doi.org/10.1186/s12891-016-1158-9
https://dx.doi.org/10.1016/j.jbmt.2012.08.008
https://dx.doi.org/10.1016/j.jbmt.2012.08.008
http://search.proquest.com
http://nek.istanbul.edu.tr
http://nek.istanbul.edu.tr
https://dx.doi.org/10.37990/medr.1309485
https://dx.doi.org/10.37990/medr.1309485
https://hdl.handle.net/11499/35334
https://journals.lww.com/nsca-jscr/_layouts/15/oaks.journals/downloadpdf.aspx?an=00124278-199811000-00005
https://dx.doi.org/10.17155/spd.76168
https://dx.doi.org/10.17155/spd.76168
https://dx.doi.org/10.4274/forbes.galenos.2022.16056
https://dx.doi.org/10.4274/forbes.galenos.2022.16056
https://dx.doi.org/10.7326/0003-4819-116-7-535
https://dx.doi.org/10.7326/0003-4819-116-7-535
http://hdl.handle.net/20.500.11956/43385
https://dx.doi.org/10.1007/s00264-020-04720-9
https://dx.doi.org/10.1007/s00264-020-04720-9
https://dx.doi.org/10.1007/s00167-006-0074-1
https://dx.doi.org/10.1007/s00167-006-0074-1
https://pubmed.ncbi.nlm.nih.gov/8066286/
https://dx.doi.org/10.1589/jpts.25.1401
https://dx.doi.org/10.1589/jpts.25.1401
https://dx.doi.org/10.4314/ajbr.v10i3.50633
https://dx.doi.org/10.4314/ajbr.v10i3.50633

Cureus

26.

27.

28.

29.

30.

31.

32.

Sargin S, Guler NS, Sahin N, Aslan A: Effects of total knee arthroplasty on balance and fall risk in elderly
patients with severe gonarthrosis: an age- and sex-matched comparative study. Niger ] Clin Pract. 2022,
25:1445-51. 10.4103/njcp.njcp_1856_21

Furu M, Ito H, Nishikawa T, et al.: Quadriceps strength affects patient satisfaction after total knee
arthroplasty. ] Orthop Sci. 2016, 21:38-43. 10.1016/j.jos.2015.10.002

Cheing GL, Hui-Chan CW: The motor dysfunction of patients with knee osteoarthritis in a Chinese
population. Arthritis Rheum. 2001, 45:62-8. 10.1002/1529-0131(200102)45:1<62::AID-ANR85>3.0.CO;2-W
Brandt KD, Dieppe P, Radin EL: Etiopathogenesis of osteoarthritis. Rheum Dis Clin North Am. 2008, 34:531-
59.10.1016/j.rdc.2008.05.011

Ahlback S: Osteoarthrosis of the knee. A radiographic investigation . Acta Radiol. 1968, 277:70-2.
10.11359/chubu.2010.337

Kim SK, HwangBo G: The effects of horse-riding simulator exercise on balance in elderly with knee
osteoarthritis. ] Phys Ther Sci. 2017, 29:387-9. 10.1589/jpts.29.387

Liu C, Wan Q, Zhou W, Feng X, Shang S: Factors associated with balance function in patients with knee
osteoarthritis: an integrative review. Int | Nurs Sci. 2017, 4:402-9. 10.1016/}.ijnss.2017.09.002

2023 Ciftci et al. Cureus 15(8): e43615. DOI 10.7759/cureus.43615

90f9


https://dx.doi.org/10.4103/njcp.njcp_1856_21
https://dx.doi.org/10.4103/njcp.njcp_1856_21
https://dx.doi.org/10.1016/j.jos.2015.10.002
https://dx.doi.org/10.1016/j.jos.2015.10.002
https://dx.doi.org/10.1002/1529-0131(200102)45:1<62::AID-ANR85>3.0.CO;2-W
https://dx.doi.org/10.1002/1529-0131(200102)45:1<62::AID-ANR85>3.0.CO;2-W
https://dx.doi.org/10.1016/j.rdc.2008.05.011
https://dx.doi.org/10.1016/j.rdc.2008.05.011
https://dx.doi.org/10.11359/chubu.2010.337
https://dx.doi.org/10.11359/chubu.2010.337
https://dx.doi.org/10.1589/jpts.29.387
https://dx.doi.org/10.1589/jpts.29.387
https://dx.doi.org/10.1016/j.ijnss.2017.09.002
https://dx.doi.org/10.1016/j.ijnss.2017.09.002

	The Effect of Q Angle and Hamstring Length on Balance Performance in Gonarthrosis Patients
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Ethical aspect of the study
	Study design
	Evaluation of QA
	Y balance test
	Statistical analysis

	Results
	TABLE 1: Demographic information of participants
	TABLE 2: Comparison of participants' Q angles, hamstring lengths, and Y balance test performances
	FIGURE 1: Comparison of participants' Q angles, hamstring lengths, and Y balance test performances
	TABLE 3: Comparison of linear regression analysis results between balance performance with R-QA, L-QA, and HL of patients with gonarthrosis

	Discussion
	Limitations

	Conclusions
	Additional Information
	Disclosures

	References


