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Abstract
Ankle sprain is one of the most prevalent joint injuries in the lower
extremity. Valid and reliable measurement techniques is essential for the
collection of accurate and meaningful data about joint injuries such as ankle
sprain. This case-control study is designed to evaluate the test–retest
reliability of force plate measures and are compared the static postural
control values in patients with chronic ankle instability (CAI), ankle sprain
copers & healthy controls. Seventy-five patients (25 CAI, 25 copers & 25
healthy match controls) are asked to execute single-leg stance onto a force
plate. Force plate parameters include, the center of pressure (COP) area,
COP length, mean total velocity and sway index are measured for static
postural control evaluation. To evaluate test–retest reliability, 20
participants of each group repeated the tests 6–8 days after the first session.
Relative reliability of the force plate measures is assessed using interclass
correlation coefficient (ICC) and absolute reliability using standard error of
measurement (SEM), minimal metrically detectable change (MMDC) and
coefficient of variance percent (CV%). Analysis of variance (ANOVA) is
used to determine differences between three groups. Static postural control
measures have high test–retest reliability, ranging from 0.73 to 0.88. Greater
postural sway has been observed in the CAI compared with the coper (P<
0.05) and the matched limb of the control group (P 0.05). The results are
illustrated that the static postural control measures are reliable tests to
evaluate functional performance of the patients with CAI, copers and
healthy controls.
Keywords: Postural balance; Reliability and validity; Postural control; Chronic ankle instability; Balance;
Postural stability; test; Ankle sprain
1. Introduction
Lateral ankle sprains are an extremely common injury among the physically active population [1]. Some
individuals who are able to recover from sprain without residual symptoms, known as "copers" [2]. But
approximately 30-75% of those who sustain a first time ankle sprain develop chronic ankle instability (CAI) with
persisting symptoms including pain, giving way, dysfunction, and repetitive ankle injuries [1, 3]. It has been
assumed that altered postural control is one of the factors attributed to CAI which involves an interaction between
sensory, cognitive and motor systems [2]. It has been reported that the static postural control is a valuable measure
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of somatosensory integration [4]. On the other hand, measures instrumented of postural control have been used to
predict ankle sprain risk and to evaluate sensorimotor deficits after acute first time index ankle sprains and in those
with CAI [5]. Up to now, the various methods and measures which reported in the literature can make the
interpretation of this extent of literature difficult [6]. Therefore, the static balance tests such as single leg stance on
force plate are valuable methods to determine differences between CAI patients, copers and healthy control groups.
To our knowledge, no study has evaluated reliability of the force plate data measures in CAI, copers and healthy
controls. Since the reliability of outcome measures depends on patient's characteristics, further evaluation is needed
to confirm the efficiency of force plate parameters in these populations. Therefore, the first purpose of this study is
the surveying reliability of force plate data in CAI, copers and healthy controls. The second aim of the present study
is the comparing the static postural stability in these three groups of people.
Here introduce the paper, and put a nomenclature if necessary, with the same font size as the rest of the paper.
The paragraphs continue from here and are only separated by headings, subheadings, images and formulae. The
section headings are arranged by numbers, bold and 10 pt. Here follows further instructions for authors.
2. Materials and Methods
2.1. Participants
A convenient sample including seventy-five people (male and female) volunteered to take part in this study
according to G-Power software. Twenty-five patients with CAI and 25 copers are matched with 25 healthy controls
based on age and body mass index (BMI). All participants are recruited through advertising in the university
campus, hospitals, physiotherapy clinics and general community in Tehran province of Iran. All participants signed
an informed consent form approved by the Human Research Ethics Committee of the Iran University of Medical
Sciences in Tehran, prior to participation. Ethic Committee Code number: IR.IUMS.REC.1395.9211342211.
2.2. Inclusion and exclusion criteria
The CAI patients were defined according to an international ankle Consortium [7]. The subjects in the coper
group were included if they had one episode of severe lateral ankle sprain within last year but they return to the
daily activity without any recurrent ankle sprain or giving way [8]. An uninjured control group including 25
physically active individuals without history of ankle sprain.
The subjects in all three group had no history of any other musculoskeletal lower leg injury in the past 3 months,
fracture or surgery.
2.3. Procedure
First, all sprained ankle participants are asked to complete the Persian versions of the following questionnaires:
IdFAI [9], AII [10], FAAM [11] and FAOS [12] for categorizing participants to CAI or coper groups.
For the assessment of postural control, centre of pressure (COP) data is obtained using a fixed strain gauge
Kistler (Type: 5691A) force platform and a Bertec AM-6701 amplifier (Bertec Corp., Columbus, OH) and low pass
filtered with a cut-off frequency of 10 Hz. The COP kinetic data is collected with a sampling frequency of 100 Hz
for better detection of movements of COP.
2.4. Static postural control evaluation
All subjects are asked to perform static postural control task which evaluated by the same expert evaluator.
Subjects stood barefoot with their arms at the pelvic (akimbo position) and are instructed to simply look at a mark
on the wall approximately 5 m in front of their faces. They are not permitted to move their limbs or head or to speak
during the data collection period. Participants stood with the affected dominant leg on a special mark on the on the
center of a 40 × 60 cm force platform for consistent foot placement across trials. Subjects are instructed to lift the
contralateral limb and hold it in approximately 90 ̊ of knee flexion and 45 ̊ of hip flexion. Once they can hold this
position, data collection is initiated with hit the computer keyboard (figure 1). If subjects lost their balance, touched
down the non-standing-foot, or braced themselves on the nearby, the test is stopped and after a while repeated. All
participants should hold the test position for 30 s during all trials. Each measurement is repeated three times, and
average scores are used for analysis. One-minute rest is given between every test. Three familiarization trials are
performed for each condition prior to data collection, to ensure participants fully understood the requirements of the
tasks. A second data collection is conducted a week later at the same time of day, for the assessment of between-day
reliability (n = 20).
The calculated COP parameters are COP area (cm2), maximal range of COP displacement (cm), mean total
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velocity (cm/s) and sway index (cm). These COP parameters have been shown to be reliable measures for
assessment of postural control in musculoskeletal disorders [13].
The study is approved by the Ethics Committee for Health Sciences Research involving human subjects, and the
informed consent is obtained. All subjects who are willing to participate in the study, signed it.
These tests have been done in 2019, in the rehabilitation research centre of Iran University of medical science.

Figure 1: test position while doing tests on a force platform (experimental setup)

2.5. Statistical Analysis
Statistical analysis is computed using SPSS version 22 (SPSS Inc., Chicago, IL). Paired-sample t-tests are
performed to determine the differences of the scores obtained at test and retest sessions and reliability of the
performance measures between sessions. The interclass correlation coefficients (ICCs) for measurement of the
absolute between-sessions reliability and the SEM (pooled standard deviation of all scores × the square root 1 –
ICC) and within-subject coefficient of variation (CV%) are calculated for each parameter to estimate the relative
between-sessions reliability. In addition, the minimum difference (MMDC= SEM× √2× 1.96) is calculated to
determine the minimum threshold of measurement to ensure that differences between measurements are real and
outside the error range.
The ICC value ranges for reliability interpretation are represented as follows: [14]
ICC Value < 0.5
0.5  ICC Value < 0.75
0.75  ICC Value < 0.9
ICC Value  0.9

Poor
Moderate
Good
Excelent

<0.5=poor, 0.5-0.75= moderate, 0.75-0.90= good, and >0.90 excellent.
For each ICC measurement, the 95% confidence interval is calculated to determine the amount of error associated
with the measurement and take the sampling distribution into account.
The one-way ANOVA test, is done to examine difference in postural control between three groups. Data are
presented as mean standard deviation (SD) and between groups p-value for significant differences and post hock
Tukey test. The level of significance is set at P ≤ 0.05 for all statistical tests.
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3. Results
Demographic characteristics of all groups are shown in Table 1. No statistically significant difference is found for
age, height and weight between the three groups (Table 1).
Body Properties
Age (year)
Height (cm)
Weight (kg)
Body Mass Index (kg/m2)

Table 1: demographics characteristics of the groups
Chronic Ankle Instability (n=25)
Coper (n=25)
30.84(6.19)
30.28(6.09)
171.61(8.01)
173.57(10.50)
74.52(10.66)
72.66(10.08)
24.80(3.11)
24.11(1.89)

Healthy (n=25)
31.04 (7.33)
172.23(10.39)
71.91(8.99)
24.31(2.70)

p-value
0.99
0.78
0.85
0.64

The mean, SD, ICC, CI, SEM, MMDC and CV% for the postural control measures have been shown in Table 2.
The ICC is higher than the acceptable level of 0.70 for most of variables. The CV% < 10% and ICC values of >75%
have been shown to be demonstrative of good reliability for measures obtained during single leg stance.

groups
CAI

Coper

healthy

Table 2: test-retest reliability force plate measures of single leg stance postural control in the three groups (n=20)
Parameters
Trial 1 (mean+SD)
Trial 2 (mean+ SD)
ICC (95% CI)
SEM
MMDC
CV (%)
Area
17.01 (2.43)
17.12 (2.46)
0.89 (0.75-0.96)
0.81
2.24
14.28
COP length
18.18 (3.03)
17.96 (3.00)
0.77 (0.70-0.89)
1.30
3.59
16.66
velocity
1.31 (0.14)
1.30 (0.14)
0.93 (0.67, 0.98)
0.04
0.10
10.68
Sway index
2.04 (0.29)
1.98 (0.26)
0.89 (0.74-0.95)
0.09
0.25
14.21
Area
13.99 (2.33)
15.01 (2.55)
0.70 (0.42 to .88)
1.34
3.70
16.65
COP length
15.88 (2.64)
16.01 (2.94)
0.74 (0.50, 0.90)
1.42
3.94
16.62
velocity
1.20 (0.15)
1.24 (0.16)
0.89 (0.58, 0.97)
0.05
0.14
12.5
Sway index
1.73 (0.28)
1.77 (0.32)
0.81 (0.58-0.92)
0.13
0.36
16.18
Area
15.76 (2.62)
15.88 (3.13)
0.89 (0.74-0.95)
0.95
2.63
16.62
COP length
16. 11(1.78)
16.12 (1.95)
0.91 (0.82 0.95)
0.56
1.55
11.04
velocity
1.18 (0.17)
1.20 (0.19)
0.83 (0.79 0.87)
0.07
0.20
14.41
Sway index
1.85 (0.23)
1.79 (0.22)
0.85 (0.68-0.94)
0.08
0.24
12.43

CAI: chronic ankle instability; COP: center of pressure; S.D: standard deviation; ICC: interclass correlation coefficient; SEM: standard
error of measurement; MMDC: minimal metrically detectable change; CV: coefficient of variation;
Units of COP measures are as follows:; cm2 (area), cm (cop length), cm/s (mean total velocity), cm (sway index)

In the table 3, It is clearly shown that the means and standard deviations of COP parameters (area, COP length,
velocity, sway index) and mean differences P values for each parameter. Moreover, in the post hoc analysis of oneway ANOVA, it is obviously illustrated that there are significant greater COP parameters in CAI group but there is
no significant difference between copers and healthy control groups.
Table 3: the descriptive statistic of force plate data in three groups for between group comparisons using one way ANOVA (n=25)
COP parameters

CAI group
Mean (SD)

Coper
Mean (SD)

Area
16.61 (2.50)
14.89 (2.68)
COP length
17.92 (3.43)
16.88 (3.33)
velocity
1.183 (0.21)
1.13(0.24)
Sway index
1.94 (0.44)
1.73 (0.33)
COP: centre of pressure; CAI: chronic ankle instability; SD: standard deviation

Healthy
Mean (SD)

P-Value

15.35 (3.21)
17.60 (3.36)
1.11 (0.23)
1.75 (0.43)

0.03
0.03
0.01
0.04

4. Discussion
The main purpose of our study is to investigate the test–retest reliability of force-plate derived parameters in CAI,
copers and healthy controls. The results are suggested that the static postural control outcomes are reliable values in
CAI, copers and healthy control groups. No significant differences (P >0.05) are observed between test sessions for
all derived parameters. The results indicate high to very high relative reliability of COP area, COP length, mean
total velocity and sway index. In the other words, this study established the relative and absolute reliability of some
COP measures across three different groups, CAI, copers & healthy controls.
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The findings of this study indicate that the single leg stance force plate–derived parameters are reliable indicators
of performance in CAI, copers and healthy control groups.
Although there is no study to assess reliability of these parameters in CAI patients, the results of the present study
may be comparable with the study by Salavati et al.[15] which demonstrated comparable results about force plate
measurements especially for COP velocity in different musculoskeletal disorders. Also other researches has reported
comparable values with moderate to high test–retest reliability for force plate parameters during single leg stance
[16, 17].
In the study conducted by Brown (2007) , the CAI group demonstrated good reliability for the COP excursion
length and velocity in the static and dynamic conditions and reliability of COP parameters in CAI group was better
than the stable ankle group [18].
High test–retest reliability for all measures in the current study revealed satisfactory stability of the postural
control measures over time in CAI patients and control groups. Thus, force plate data measures are reliable
performance measure in CAI patients, coper and uninjured healthy controls.
According to the presented results, one of the most important results is that the CAI patients have significantly
different balance measurement scores in comparison with the two other groups. The same findings was obtained in
other studies with different samples and different study design, such as the studies of Wikstrom et al. [19], which
showed that CAI subjects had greater COP measures in comparison with copers and matched healthy controls. One
possible explanation for these result is that individuals with CAI failed to develop successful compensatory postural
control strategies and this can lead to recurrent injuries and episodes of giving way to occur [19].
Furthermore, some other researchers reported that the static postural balance in CAI was worse than the controls
[2, 20]. While other reported no difference in static postural control measures between CAI patients and controls [18,
21]. Brown and Mynark (2007) displayed no significant difference of mean total velocity between individuals with
chronic ankle instability and subjects with stable ankles in static and dynamic conditions of postural control [18].
One explanation for this discrepancy is that, differences between individuals with CAI and stable ankles may
remain undetected with single-leg stance tests and the task such as single-leg jump landing task may be more
challenging in the individuals with CAI. Therefore, clinicians should incorporate more dynamic challengeable
assessments when evaluating postural stability in individuals with CAI [21 ].
There are several limitations to our study such as our sample are among more severe category of ankle sprain
individuals and also, the dynamic balance challenges are not surveyed. Therefore, further research may need to
consider these factors to determine the evaluative and predictive value of the COP parameters in CAI patients and it
is better that the comparison between CAI patients and coper counterparts are done.
-55

5. Conclusion
• These findings suggest that sophisticated systems, such as the force plate, may offer reliable balance tests
and as a gold-standard methods. Consequently, it can be clear, acceptable and standard tool for postural
control assessment.
• The findings of this study indicate that force plate–derived parameters are reliable indicators to compare
postural control in CAI patients with copers and their healthy controls.
• There is significantly different postural control performance between CAI, copers and control groups.

188

Somayeh Mohammadi et al.

Acknowledgment
The authors would like to thank the medical staff, patients and students for their participation.

References
[1]

Plante JE, W. EA., Differences in clinician-oriented outcomes among controls, copers, and chronic ankle
instability groups, Physical Therapy in Sport Vol. 14, pp. 221-226, 2013.
[2]
Mohamadi S, Ebrahimib I, Salavati M, Dadgoo M, Jafarpisheh A.S, S. Rezaeian Z, Attentional Demands of
Postural Control in Chronic Ankle Instability, Copers and Healthy Controls: A Controlled Cross-sectional
Study
Gait & posture, No. 79, pp. 183-188, 2020.
[3]
Gerber JP, Williams GN, Scoville CR, Arciero RA, T. DC., Gerber JP, Williams GN, Scoville CR, Arciero
RA, Taylor DC. Persistent disability associated with ankle sprains: a prospective examination of an athletic
population, Foot Ankle Int, Vol. 19, No. 10, pp. 653-660, 1998.
[4]
Hoffman M, Schrader J, K. D, An investigation of postural control in postoperative anterior cruciate
ligament reconstruction patients, J Athl Train, Vol. 34, pp. 130-136, 1999.
[5]
P. O. McKeon, J. Hertel, Systematic Review of Postural Control and Lateral Ankle Instability, Part I: Can
Deficits Be Detected With Instrumented Testing?
, Journal of Athletic Training Vol. 43, No. 3, pp. 293-304, 2008.
[6]
R. BL., Is there a link between chronic ankle instability and postural instability? , J Athl Train., Vol. 37,
No. 4, pp. 386-393, 2002.
[7]
Gribble P. A , Delahunt E, Bleakley C.H, Caulfield B, Docherty C, Fourchet F, et al., Selection criteria for
patients with chronic ankle instability in controlled research: a position statement of the International Ankle
Consortium,
, Br J Sports Med, Vol. 43, No. 8, pp. 585–591, 2013.
[8]
E. A. Wikstrom, C. N. Brown, Minimum Reporting Standards for Copers in Chronic Ankle Instability
Research Sports Med, Vol. 44, No. 2, pp. 251-268, 2014.
[9]
S. Mohamadi, M. Dadgoo, I. Ebrahimia, M. Salavati, A. Saeedi, B. Valiollahid, Translation, cross-cultural
adaptation, reliability, and validity of the Identification of Functional Ankle Instability questionnaire in
Persian speaking participants with a history of ankle sprain
Disability and rehabilitation, Vol. 41, No. 16, pp. 1931-1936, 2018.
[10]
S. Mohamadi, I. Ebrahimi, M. Dadgoo, M. Salavati, A. Saeedi, Translation, cross-cultural adaptation and
factor analysis of the Persian version of ankle instability instrument, Med J Islam Repub Iran, Vol. 32, pp.
79, 2018.
[11]
M. Mazaheri, M. Salavati, H. Negahban, S. M. Sohani, F. Taghizadeh, A. Feizi, et al., Reliability and
validity of the Persian version of Foot and Ankle Ability Measure (FAAM) to measure functional
limitations in patients with foot and ankle disorders, Osteoarthritis Cartilage, Vol. 18, No. 6, pp. 755-759,
2010.
[12]
H. Negahban, M. Mazaheri, M. Salavati, S. Sohani, M. , M. Askari, H. Fanian, et al., Reliability and
validity of the Foot and Ankle Outcome Score: a validation study from Iran, Clin Rheumatol Vol. 29, No.
5, pp. 479-486, 2010.
[13]
Zech. A, M. HU¨ BSCHER, VOGT. L, W. BANZER, F. HA¨ NSEL, P. K., Neuromuscular Training for
Rehabilitation of Sports Injuries: A Systematic Review
Medicine & science in sports & exercise pp. 1831-1841, 2009.
[14]
T. K. Koo, M. Y. Li, A guideline of selecting and reporting intraclass correlation coefficients for reliability
research, Journal of Chiropractic Medicine, Vol. 15, No. 2, pp. 155-163, 2016.
[15]
Salavati. M, Hadian M.R, Mazaheri M, Negahban H, Ebrahimi I, Talebian S, a. et, Test–retest reliabty of
center of pressure measures of postural stability during quiet standing in a group with musculoskeletal
disorders consisting of low back pain, anterior cruciate ligament injury and functional ankle instability
Gait & Posture Vol. 29, pp. 460-464, 2009.
[16]
P. E. Beelen, R. Okhuijsen, M. R. Prins, A. Huurnink, T. Hordijk , C. Kruiswijk, e. al., Reliability of a
novel dynamic test of postural stability in high-level soccer players, heliyon, 2021.
[17]
J. C. Troester, J. G. Jasmin, R. Duffield, reliability of Single-Leg Balance and Landing Tests in Rugby
Union; Prospect of Using Postural Control to Monitor Fatigue, J Sports Sci Med, Vol. 17, No. 2, pp. 174–
180, 2018.

Journal of Computational Applied Mechanics 2022, 53(2): 183-189
[18]

189

C. N. Brown, R. Mynark, Balance Deficits in Recreational Athletes With Chronic Ankle Instability,
Journal of Athletic Training, Vol. 42, No. 3, pp. 367-373, 2007.
[19]
Wikstrom E. A, Fournier K. A, M. P. O., Postural control differs between those with and without chronic
ankle instability
Gait & Posture pp. 82-86, 2010.
[20]
Nakagawa L, H. M., Performance in static, dynamic, and clinical tests of postural control in individuals
with recurrent ankle sprains. , J Sport Rehabil, Vol. 13, pp. 255-268, 2004.
[21]
Ross SE, G. KM., Examination of static and dynamic postural stability in individuals with functionally
stable and unstable ankles. , Clin J Sport Med, Vol. 14, pp. 332-338, 2004.
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]

M. Moha mmadi, A. Rastgoo, Primary and secondary resonance analysis of FG/lipid nanoplate with cons idering poros ity distribution based on a no nlinear elastic medium, Mechanics of A dvanced Materials and S tructu res, Vol. 27, No. 2 0, pp. 1 709-1730, 2020 /10/15 , 2020.
M. Moha mmadi, M. Hos seini, M. Shishesaz, A. Hadi, A . Rastgoo, Primary and secondary resonance analysis of porous functionally graded nanobeam resting on a nonlinear foundation subjected to mechanical and electrical loads, Eur opean Journa l of Mechan ics - A/So lids, V ol. 77 , pp. 10 3793, 2 019/0 9/01 /, 2019.
M. Moha mmadi, A. Rastgoo, Non linear vibration analysis of the viscoelastic compo site nanop late with three directionally imperfect porous FG core, Structural E ngineerin g and Mechanics, An Int'l Jou rnal, V ol. 69, No. 2, p p. 131-143 , 2019.
A. Farajpour, A. Ras tgoo, M. M ohammad i, Vibration, buckling and s mart control of microtu bules u sing p iezoelectric nanoshells u nder electric voltage in thermal environ ment, Physica B: Condensed M atter, Vo l. 509, pp. 10 0-114, 20 17.
M. R. Farajpour, A. Rastgoo, A. Farajpour, M. Mo hammadi, Vibratio n of piezoelectric nanofilm-based electromechanical sensors via hig her-order non-local strain gradient theory, Micro & Nan o Letters, Vo l. 11, No. 6, pp. 302-307, 2016.
A. Farajpour, M. Yazdi, A. Rastgoo, M . Moha mmadi, A higher-order nonlocal s train gradient plate model for buck ling of or thotrop ic nanoplates in thermal env ironment, Acta Mechanica, Vo l. 227, N o. 7, pp. 1849-18 67, 201 6.
A. Farajpour, M. H. Yazdi, A. Ras tgoo, M. Logh mani, M. Mo hammadi, Nonlocal n onlinear plate model for large amplitude vi bration of magneto-electro-elastic nanoplates, Compo site Structures, V ol. 14 0, pp. 3 23-336, 20 16.
M. Moha mmadi, M. Safarabadi, A. Rastgoo, A. Farajpour, Hygro- mechanical vibration analy sis of a rotating v iscoelastic nanobeam e mbedded in a v isco-Pasternak elastic mediu m and in a n onlinear thermal env ironment, Acta Mechanica, Vo l. 227, N o. 8, pp . 2207-22 32, 201 6.
M. Goodarzi, M. Mohammadi, M . Khooran, F. Saadi, Thermo-Mechanical Vibratio n Analys is of FG Circular and Ann ular Nanoplate Based o n the Visco-Pasternak Fo undatio n, Journa l of Solid Mechanics, Vol. 8, No. 4, pp. 78 8-805, 20 16.
M. Baghani, M. Mohammadi, A. Farajpour, Dynamic and Stability Analys is of the Rotating Nanobeam in a Nonun iform Magnetic Field Con sidering the Surface Energy, International Journal of Ap plied Mechanics, V ol. 08, No. 04, pp. 165 0048, 2 016.
M. Safarabadi, M. M ohammad i, A. Farajpour, M. Goo darzi, Effect of surface energy on the vibration analy sis of rotating nanobeam, 2015 .
H. Asemi, S. Asemi, A. Farajpour, M. Mohammadi, Nanoscale mass detection based on vibratin g piezoelectric ultrathin films under thermo-electro-mechanical loads, Physica E: Low-d imension al Systems and Nanos tructures , Vol. 6 8, pp. 1 12-122, 2 015.
M. Moha mmadi, A. Farajpour, M . Goodarzi, H. Shehni nezhad pour, N umerical stu dy of the effect of shear in-plane load on the vibration analysis of graphene sheet embedded in an elastic mediu m, Computation al Mater ials Science, Vol. 82, pp. 510-52 0, 2014 /02/01/, 2 014.
A. Farajpour, A. Ras tgoo, M. M ohammad i, Surface effects on the mechanical characteristics of microtubu le networks in liv ing cells, Mechanics Research Communications, Vol. 5 7, pp. 1 8-26, 2014 /04/01/, 2 014.
M. GOODARZI, M. MOHA MMADI, A. FA RAJPOU R, M. KHOORAN, INVESTIGATION O F THE E FFE CT O F PRE- STRE SSED ON VIBRATION FREQUEN CY O F RE CTANGULA R NANO PLATE BA SED ON A VISCO -PA STERNAK FOUNDATION, JOUR NAL OF SOLID ME CHA NICS, Vo l. 6, No. 1, pp. -, 201 4.
S. Asemi, A. Farajpour, M. M ohammad i, Nonlinear vibration analy sis of piezoelectric nanoelectromechanical resonators based on non local elasticity theory, Compos ite Structures, Vo l. 116 , pp. 70 3-712, 20 14.
M. Moha mmadi, A. Farajpour, A. Moradi, M. Ghayour, Shear buckling of orthotrop ic rectangular graphene sheet embedded in an elastic med ium in thermal env ironmen t, Com posites Par t B: Engineering, Vol. 56, pp . 629-637, 2014.
S. R. Asemi, M. M ohammad i, A. Farajpour, A stu dy on the nonlinear stability of orth otropic s ingle-layered graphene sheet based on non local elasticity theory, Latin American Jou rnal o f Solids a nd Structures, Vo l. 11, No. 9, p p. 1515-15 40, 201 4.
M. Moha mmadi, A. Farajpour, M . Goodarzi, F. Dinari, Thermo- mechanical vibration anal ysis of annular and circular graphene sheet embedded in an elastic medium, La tin Amer ican Journa l of Solids and Structures, Vol. 11, pp. 659-682, 2014.
M. Moha mmadi, A. Moradi, M. Ghayour, A. Farajpour, Exact so lution for thermo- mechanical vibration of or thotrop ic mono-layer graphene sheet embedded in an elastic med ium, La tin America n Journa l of So lid s and S tructu res, Vol. 1 1, No. 3, pp. 437-4 58, 201 4.
M. Moha mmadi, M. Goodarzi, M . Ghayour, A. Farajpour, Influence of in-plane pre-load on the v ibration frequency of circular graphene sheet via nonlocal con tinuu m theory, Comp osites P art B: E ngineering , Vol. 5 1, pp. 1 21-129, 2 013.
M. Moha mmadi, M. Ghayour, A. Farajpour, Free transverse vibration analys is of circular and annular graphene sheets with various b oundary conditions usin g the non local continuum plate mo del, Com posites Par t B: Engineering, Vol. 45, No. 1, pp. 3 2-42, 201 3.
M. Moha mmadi, A. Farajpour, M . Goodarzi, H. M ohammad i, Temperature Effect on Vibration Ana lysis of Annular Graphene Sheet E mbedded on V isco-Pasternak Foundati, Journa l of S olid Mechan ics, Vol. 5, No. 3, pp. 305-3 23, 201 3.
S. Asemi, A. Farajpour, H. Asemi, M. Mohammadi, Influence of initial s tress on the vibration of double-piezoelectric-nanoplate sys tems w ith variou s boun dary conditions u sing DQ M, Physica E: Lo w-dimensional Sys tems and Nano structures, Vol. 63, pp. 169-179, 2014.
M. Moha mmadi, A. Farajpour, M . Goodarzi, R. Heydarshenas, Levy Type Solution for Non local Thermo-Mechanical Vibration of Ortho tropic Mo no-Layer Graphene Sheet Embedded in an E lastic Med ium, Jou rnal of So lid Mechanics, Vol. 5, No. 2, p p. 116-132 , 2013.
M. MOHAM MADI, M. GOOD ARZI, M. GHAYOUR, S. ALIVAND, SM ALL SCALE E FFECT ON THE VIBRATION OF ORTHOT RO PIC PLATES EM BEDDED IN AN ELA STIC MEDIUM AND UNDE R BIAXIAL IN-PLANE PRE-LOAD VIA NONLO CAL ELA STICITY THEO RY, JOUR NAL OF SOLID ME CHANI CS, Vol. 4, No. 2 , pp. -, 20 12.
M. Danesh, A. Farajpour, M. M ohammad i, Axial vibratio n analysis of a tapered nanorod based on non local elastici ty theory and d ifferential quadrature method, Mechanics Research Commu nications, Vo l. 39, N o. 1, pp. 23-27, 20 12.
A. Farajpour, A. Shahidi, M. Mohammadi, M. Mahzoon, Buckling of ortho tropic micro/nanoscale plates un der linearly varying in-plane load v ia nonlocal continuu m mechanics, Compo site Structures, V ol. 94, No. 5, p p. 1605-16 15, 201 2.
M. Moha mmadi, M. Goodarzi, M . Ghayour, S. Alivand, Small scale effect on the vibration of orth otropic p lates embedded in an elastic med ium and under biaxial in-plane pre-load via non local elasticity theory, 20 12.
N. GHAYOUR, A. SEDAGHAT, M. MOHA MMADI, WAVE PRO PAGATION A PPROA CH TO FLUID FILLED SUBME RGED VISCO-ELASTI C FINITE CYLINDRI CAL SHELLS, JOURNA L OF AEROS PACE SCIE NCE A ND TECH NO LOGY (JAS T), Vol. 8 , No. 1, p p. -, 2011.
H. Moosavi, M. Mohammadi, A. Farajpour, S. H . Shah idi, V ibration analy sis of nanor ings u sing n onlocal continuu m mechanics and s hear deformable ring theory, Physica E: Lo w-dimensio nal Sys tems and Nano structu res, Vol. 44, No. 1, pp. 1 35-140, 20 11/10 /01/, 2011.
A. Farajpour, M. Danesh, M. M ohammad i, Buckling analysis of variable thickness nanoplates u sing n onlocal continuu m mechanics, Phys ica E: Lo w-dimens ional Systems an d Nan ostr uctures, Vo l. 44, N o. 3, pp. 719-727, 2011.
A. Farajpour, M. Mohammadi, A. Shahid i, M. Mahzoon, Ax isy mmetric buckling of the circular graphene sheets with the n onlocal continuu m plate model, Phys ica E: Lo w-dimensional Systems and Nano structures, Vol. 43, No. 10, pp. 1820-182 5, 2011 .
M. Moha mmadi, M. Ghayour, A. Farajpour, Analy sis of Free Vibration Sector Plate Based on E lastic Med ium b y using New Version of Differential Quadrature Metho d, Journa l of S imula tion and An alysis of Novel Technologies in Mechanical Eng ineering, V ol. 3, N o. 2, pp . 47-56, 2 010.

