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1- Vastus Lateralis 2- Monitoring

3- Feedback



e NN o s Sl S 5 1y WS N gy @

ol adlae LsUM.)}A.:)b (BMI) Q..L: (’J’ u.A}L.Z)Q)} c.ﬂ—\d},\?

bage  Guil)ds (SA)05s  Odkpr jasls

\ AN/ AF/A AAZA)
Y \\a% AY Y#/¥
Y \AAN/Y A0 YY/o
f VAY/Y AY/Y Yf/v
o YAYIY oy Yv/#
# ARRVAY AF/0 AA7A)

das IS el s MLD) st o alows slasl O palol (05 8 otliae SUiSClo (o500 ansls 5l ol ol 800e =Y J s
MVC)issll ol Sl il = lans 53 st el o

Sl Sy S Sl 15 SSIaslA AT

s e
sl elal sl elal )yl el syl elal ol el sl Lelal
S £8/Y £ O/V Y/ £V V8 144/F £ \V/) Yoo £ YY/O YYY/¥EYSY
(N);MJL‘; OV/IA =V&/b VIV/Y =\ oY W2/6 -YY4/0 YYO/f =Y. 7 YAV/Y=YAY/O
H
MLD Y/YY £ oY Y/#% £ «/OF Y/PA £+ /00 Y/VV £« /0V Y/A% = «/7F Y/0V\E /04 é
L]
(g sl VOF—Y/¥YABF— YV \ISA -¥/F0 VAC—Y/OF VA —YIM Y/Y5-¥/F5 " .
o .
O/%F £ /Y F/YY £ Y/ Y/A £ /AR Y/9V £ AV Y/ £ /8% Yo /08 <
oo
' FIVO -V/74 YINM—¥/¥ Y/FF —&/Y) Y/¥O—0/+A Y/#A—¥/V Y/VV-¥/F4
| 4 * * <+ 4
i
Muscle force (N) 206.01 D
SECM SECM
in relaxation in contraction
[ .
12 14 16 18 20 5
i
MVC (N) 2
x 3
100 % 2
80% ~ '.3
60% %
40% ) A= A
20% -
0% i
L]
B SR j
S,
12 «4—— The contraction period from 0% to 100% MCV —p 14 é'.
5 () ool (oLl Slas 70w B 7 5105 8 a8l ctlas S sl ol e (@)SES 5 Al slad - S Py

(©) 2L o 53 5 ALEN SIS S ol s bt St



D 24

4 ¢

4

4

i
3
:
i
%

4

A i

L)\)\Sv..h 5 g\)alm\.b) J'-.o\

®

4.5 4

»
-]

w
t

© MLD relax- MVC force
Rsq= 0.53, SEE= 026
& MLD max - MVC force
Rsq=0.63SEE= 040

Ruttiplied linear dimension (cm?)
W
-]

=]

40 300
Isometric cervical extension force (N)

1- Kapandji IA. Physiology of joints. In: trunk and the vertebral column.
Vol. 3. London. Churchill Livingstone; 1974, pp: 240.

2-Kelly SJ, Stokes MJ. Symmetry of anterior tibial muscle size measured
by real-time ultrasound imaging in young females. Clin Rehabil 1993;
7:222-28.

3- Kennelly KP, Stokes MJ. Pattern of asymmetry of paraspinal muscle
size in adolescent idiopathic scoliosis examined by real-time ultrasound
imaging. Spine 1993; 18: 913-17.

4- Hakkinen K, Keskinen KL. Muscle cross-sectional area and voluntary
force production characteristics in elite strength- and endurance-trained
athletes and sprinters. Eur J Appl Physiol 1989; 59: 215-20.

5- Ikai M, Fukunaga T. Calculation of muscle strength per unite cross-
sectional area of human muscle by means of ultrasonic measurements.
Int Zangew Physiol Arbeitsphysiol 1968; 26: 26-32.

6- Maughan RJ. Relationship between muscle strength and muscle
cross-sectional area. Implication fpr training. Sports Med 1984; 1: 263-
69.

7- Sipila S, Suominen H. Knee extension strength and walking speed
in relation to quadriceps muscle composition and training in elderly
women. Clin Physiol 1994; 14: 4330-42.

8- Whittaker JL. Rehabilitative ultrasound imaging: understanding the
technology and its applications. J Orthop Sports Phys Ther 2007;8: 434-
49.

9- Hides J, Richardson C. Use of real-time ultrasound imaging for
feedback in rehabilitation. Man Ther 1998; 3: 125-131.

10- Rezasoltani A. The applicability of muscle ultrasonography in
physiotherapy research. J Phys Ther Sci 2003; 15: 33-37.

11-YoungA, Stokes M, Crowe M. The size and strength of the quadriceps
muscles of old and young men. Clin Physiol 1985; 5: 145-54.

12- Young A, Stokes M, Crowe M. The size and strength of the
quadriceps muscles of old and young women. Eur J Clin Invest 1984;
14: 282-87.

13- Freilich RJ, Kirsner RLG, Byrne E. Isometric strength and thickness
relationships in human quadriceps muscle. Neuromuscular Disord 1995;
5:415-22.

14- Montes R. Changes in the cross-sectional diameter of muscle
according ultrasonography between relaxation and maximum voluntary
isometric contraction in normal young subjects. Physiotherapy 2001;
87(4): 172-178.

15- Rezasoltani A, Kallinen M, Malkia E, Vihko V. Ultrasonography of
the neck splenius capitis muscle in a group of young healthy females.
Acta Radiol 1996; 37: 647-50.

16- Rezasoltani A, Kallinen M, Malkia E, Vihko V. Neck semispinalis
capitis muscle size in sitting and prone position measured by real-time
ultrasonography. Clin Rehabil 1998; 12: 36-44.

17-Hass M. Statistical methodology forreliability studies. ] Manipulative

awduawuﬁl]&;ﬁ‘a)ﬁjslbwdgb—YJgj
ol o dlze odls acales st slal 5 (71 00) 055
353 (ol il Sl s MLD) 5Ll 51 3 oS emnS
(GSlam s MID) a6 ,Se3ltl gslyl Lol il Slam

Rsq=R2 3 ol acsles 5 Il lla> =SEE

: @L.a
Physiol Ther 1991; 14: 119-28.
18- Méntyselka PT, Kumpusalo EA, Ahonen RS, Takala JK. Direct and
indirect costs of managing patients with musculoskeletal pain- challenge
for health care. Pain 2002; 2: 141-8.
19- Boyd-Clark LC, Briggs CA, Galea MP. Muscle spindle distribution,
morphology and density in longus colli and multifidus muscles of the
cervical spine. Spine 2002; 27: 694-701.
20- Falla D, Jull G, O’leary S, Dall’Alba P. Further evaluation of an
EMG technique for assessment of the deep cervical flexor muscles. J
Electromyogr Kinesiol 2006; 16: 621-8.
21-Kapreli E, Vourazanis E, Strimpakos N. Neck pain causes respiratory
dysfunction. Med Hypotheses 2008; 70: 1009-1013.
22- Lee JP, Tseng WY, Shau YW, Wang CL, Wang HK, Wang SF.
Measurement of cervical multifidus contraction pattern with ultrasound
imaging. J Electromyogr Kinesiol 2008; 3: 91-7.
23- Rankin G, Stokes M, Newham DJ. Size and shape of the posterior
neck muscles measured by ultrasound imaging: normal values in males
and females of different ages. Man Ther 2005; 10: 108-15.
24- Hides JA, Cooper DH, Stokes MJ. Diagnostic ultrasound imaging
for measurement of the lumbar multifidus muscle in normal young
adults. Physiotherapy Theory Pract 1992; 8: 19-26.
25- Ylinen JJ, Rezasoltani A, Julin MV, Virtapohja HA, Malkia EA.
Reproducibility of isometric strength: measurement of neck muscles.
Clin Biomech 1999; 14: 217-19.
26- Maughan RJ, Watson JS, Weir J. Strength and cross-sectional area
of human skeletal muscle. J Physiol 1983; 338: 37-49.
27- Stokes M, Young A. The Contribution of reflex inhibition to
arthrogenous muscle weakness. Clin Sci 1984; 67: 7-14.
28- Hicks JE, Shawker TH, Jones BL, Linzer M, Gerber LH. Diagnostic
ultrasound: its use in the evaluation of muscle. Arch Phys Med Rehabil
1984; 65: 129-31.
29- Henrikson-Larsen K, Wretling ML, Lorentzon R, Oberg L. Do
muscle fiber size and fiber angulation correlate in pennated human
muscle? Eur J Appl Physiol 1992; 64: 68-72.
30- Rutherford OM, Jones DA. Measurement of the fiber pination using
ultrasound in human quadriceps in-vivo. Eur J Appl Physiol 1992; 65:
433-37.
31- Rezasoltani A, Ylinen J, Kauhanen H. Real-time ultrasonography of
the neck extensor muscles during isometric neck extension. Proceeding
of the International Conference on Weightlifting and Strength Training.
Lahti. Findland. 1998 Nov 10-12; Lahti: Gummerus Printing; pp: 205-
6.
32- Bernstein IT. The pelvic floor muscles: muscle thickness in healthy
and urinary-incontinent women measured by perineal ultrasonography
with reference to the effect of pelvic floor training. Estrogen receptor
studies. Neurourol Urodyn 1997; 16: 237-75.



