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Abstract 

The purpose of the present survey is the comparison of the strength and range of motion of ankles' muscles in teenager boys with and without flatfoot. For this purpose, 50 subjects consisted of 25 students who had flexible flat foot, with a mean age, height and weight, 12±0.87 years, 149.84±9.71cm, 45.92±10.58kg respectively, and 25 students without flatfoot with a mean age, height and weight, 11.92±0.81 years, 150.88±8.21cm and 46.28±9.34kg respectively, participated in the research after medical examination by the physician. The comparison of the strength of ankle's muscles in D.F and P.F, and the ankles' range of motion in dorsiflexion and plantarflexion was evaluated in three conditions of without resistance, under pressure, and with resistance in both healthy and affected groups. Clear universal goniometer was used for measuring the range of motion. Lafayette hand-held digital dynamometer was used for measuring the strength. All the data was evaluated through SPSS software version 20. Alpha 0.05 was regarded as the level of significance. Independent t-test was used for comparing the aforementioned variables in two groups. To compare the range of motion in D.F and P.F in three evaluating conditions for each of the motions one inter group variable of measurement condition (including 3 levels) and one intra group variable was used based on separated variance analysis. Multiple analysis of variance test and one-way analysis of variance (ANOVA) with Bonferroni correction was used. The present investigation showed that no significant difference was seen between the aforesaid hypotheses among two healthy and flat foot affected groups.
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Introduction


	
The ankle joint is formed by the articulation between the mortise of the lower tibia and fibula and the trochlear surface of the talus. Actually composed of 3 joints the tibiotalar, tibiofibular and fibulotalar joints [1], it plays an essential role during walking, and is of great importance during physical activities [2]. It is generally believed that the upward and downward movement of the foot, referred to as dorsiflexion (D.F) and plantarflexion (P.F), respectively, occurs mainly at this joint [2,3]. This Tibio- talar movement involves the rotation of the talus within the ankle mortise [4], with un-resisted mobility being obtained by the sliding of the articular surfaces upon each other [5]. The ankle range of motion for D.F and P.F showed in Figure 1. Ankle plantarflexor strength (force-generating capacity of muscle) has an important role in standing balance, walking ability, and most activities of daily living [6-8]. During walking, the plantar flexors slow down the forward motion of the tibia over the foot during the stance phase and propel the body forward during push-off. People with weak plantar flexors usually present a crouch gait pattern during walking, difficulty in performing activities involving lower limbs or even inability to perform such activities, or inadequate standing balance. For patients displaying these signs, examination of plantar-flexor strength is prudent [9,10]. In the ankle joint, while the muscles carry on the responsibility of producing the maximal muscle power and the peak moment when the foot contacts the ground at mid foot strike; they are also responsible for positioning the foot in plantar flexion and inversion [11-14]. This provides shortening in the duration of the support phase for faster forward acceleration and decreases the contact time for less friction between the foot and the ground [14,15]. The antagonistic dorsiflexors and evertors are eccentrically contracting to control the concentrically contracted plantar flexors and invertors [16]. The flexibility and the strength of the muscles are important for this co-contraction of the muscle groups to prepare the foot for push-off; the other hand, the leg muscles and the non-contractile tissues must also be flexible enough to store the elastic energy in the pre-stretched antagonists [14].




Range of motion of the ankle, or any joint, is the measurable amount of movement in the joint. The standard range of motion for D.F is between 15 and 30 degrees. For P.F, the typical range of motion is between 20 and 50 degrees. These ranges vary according to age, gender and muscle strength. The objective and subjective clinical assessment of flexible flatfoot is an important step in determining an accurate diagnosis. Without an appropriate checklist for diagnosis, the presence of flatfoot and the related clinical aspects can be over- or underestimated. Consequently, unnecessary or inadequate treatment may be undertaken. Childhood flexible flat foot is the most common condition of the lower limb [17], in which the medial longitudinal arch of the foot collapses during weight bearing and restores after removal of body weight [18-20]. The true prevalence of flatfoot is unknown, primarily because there is no consensus on the strict clinical or radiographic criteria for defining a flatfoot [21]. But some authors reported that the prevalence of flexible flatfoot in children, (2 to 6 years of age) is between 21% and 57%, and the percentage has decreased to 13.4% and 27.6% in primary school children [22,23]. Many individuals with flexible flatfeet walk with certain alterations in the lower extremity kinematics. The most common alteration is excessive pronation of the subtalar joint during stance phase [24-27]. In normal gait, the subtalar joint start to pronate after initial contact until the metatarsal head contacts the ground, where upon the subtalar joint starts to supinate and converts the foot into a rigid structure for propulsion in the late stance phase [28,29]. In people with flexible flatfeet, the foot stays in a pronated position without turning to supination early enough during the late stance phase [30], which is not efficient for completing the push-off during gait [28,31,32]. Although flexible flatfoot in children rarely causes pain or disability, Lin et al. suggested that kinematic changes and the resulting gait deviations may lead to lower extremity pathologies later in life [24]. A study reported that the diagnosis of flexible flatfoot is an exclusion diagnosis, based on the static morphology and radiographs of the foot [33]. Also, reported that diagnosis of hyper mobile flatfoot should include >1 of the following signs: forefoot abduction, forefoot supination, and heel valgus [34]. flexible flatfoot diagnosis cannot merely rely on a morphologic assessment but should be defined functionally as a foot that, on weight bearing, stays in a state of prevalent or persistent pronation [3], and for which abnormal foot biomechanics could result in fatigue and overuse syndromes over time [33]. Thus, the evaluation of flatfoot should include a combination of measures and tests besides morphology that assess the foot's dynamic status [35].
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Figure 1:    Ankle joint motions. 



Materials and Methods 


First of all 50 students were selected with and without flat foot, (25 people in each group). 25 students who had flexible flat foot, with a mean age, height and weight, 12±0.87, 149.84±9.71, 45.92±10.58 respectively and 25 students without flatfoot with a mean age, height and weight 11.92±0.81, 150.88±8.21 and 46.28±9.34 respectively that they participated in the research after medical examination by the physician and via pedscope and fallen arches. All of patients were with acquired and grade 1 flexible flatfoot. To measure the ankle muscle strength in subjects, we performed two methods: A. to measure of plantarflexor muscle strength, Subjects to lie on your stomach on the bed and his knee was in extension and neutral for ankle. Then subjects applied strength with isometric contraction on the dynamometer for 5 seconds. B. to measure of plantar flexor muscle strength, the subjects were lying back on the bed and his knee was in extension and neutral for ankle. Then subjects applied strength with isometric contraction on the dynamometer for 5 seconds. The strength of ankle muscles measured via hand-held digital dynamometer. Each patient does the isometric contraction with maximum strength and keeps it for 5 seconds in dorsiflexion and plantarflexion separately. Also, ankles' range of motion measured via goniometer in three positions: A. neutral. B. Plantarflexion and C. Dorsiflexion. The ankles' range of motion in dorsiflexion was evaluated also in three conditions of without resistance, under pressure, and with resistance in both healthy and affected groups (Figure 2-8). 
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Figure 2:    Neutral position. 
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Figure 3:    Plantarfelexion position. 
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Figure 4:    Dorsiflexion position. 
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Figure 5:    P.F under pressure. 
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Figure 6:     D.F under pressure. 
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Figure 7:     P.F. with resistance.  
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Figure 8:    D.F. with resistance. 













Results



Table 1:    The range of motion in dorsiflexion and plantarflexion without resistance, under pressure and with resistance among persons with and without flatfoot.
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Table 2:    The strength and Ratio of Dorsiflexors and Plantarflexors muscle among persons with and without Flatfoot.
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The summery of our results indicated in Table 1 & 2. There is no significant different in the range of motion in P.F among subjects with and without flat foot but results also indicated range of motion in under pressure position was more than without resistance and with resistance, significantly. Also range of motion without resistance was more than range of motion in with resistance position. Muscle strength of D.F and P.F do not showed significant different among students with and without flatfoot. Of course, dorsiflexor muscles strength are less than plantarflexor muscle strength. It is justified anatomically. In addition, our results indicate that there is no significant different between plantarflexors muscle strength in flatfoot and without flatfoot persons.




Discussion and Conclusion



The objective and subjective clinical assessment of flexible flatfoot is an important step in determining an accurate diagnosis. Without an appropriate checklist for diagnosis, the presence of flatfoot and the related clinical aspects can be over- or underestimated. The objectives of this study were to Comparison of the strength and range of motion of ankles' muscles in teenager boys with and without flatfoot. Our results indicated that there are no statistically significant differences between strength and range of motion in ankle among patients with flatfoot and healthy foot. It is different with some studies [36,37]. The reason for the discrepancy between the present results and other studies probably is sexuality, while the strength loss is higher in women than men.

Also one possible reason for the difference is the age range of subjects, because age is one of the important factors for strength. Many previous studies have assessed age-related declines in absolute strength by using measurements of isometric and/or concentric force production [38-40]. A few studies have examined changes in eccentric strength with age. The method used in this study, try to the effect of other muscle strength to be minimized, because evaluation of the large muscle groups in the individuals stronger is harder. The muscle groups of the lower extremities are strong so, sufficient stability for lower extremity is required during clinical evaluation. In some studies, dynamometer fixed by hand and in most cases, a tester was strong, skilled and experienced in the use of hand-held dynamometer. [26,41,42]. In present study for more stability of the lower extremity, strap was used. Also the second examiner also has features such as skill, ability and experience in the use of hand-held dynamometer was used. Reduced ankle dorsiflexion was correlated with age and probably due to Achilles tendon shortening [43]. The correlation with age demonstrates that during growth, the Achilles tendon accommodates its length to the heel valgus. A tight Achilles tendon is generally considered both the cause of flatfoot (congenital or a synchronized growing of bone and musculotendon unit) and the consequence of heel valgus positioning due to different etiologies [33,43]. This feature must be carefully evaluated because the need for elongation must be taken into account if surgical treatment is indicated. Objective clinical measurements, i.e., heel valgus and ankle-foot ROM, are necessary to quantify deformities useful for diagnosis and possibly to assess outcomes after treatment. Functional assessment by specific tests should be included in the examination, as evidence exists that morphology and function are not necessarily related. A systematic clinical approach to assess children with flexible flatfoot should always be recommended for the correct diagnosis of non-physiological flexible flatfoot and the associated treatment management based on symptoms, functional limitation, and foot dysfunction. There is still a paucity of information in quantifying Ankle Joint dorsiflexion. An inappropriate measurement using an in appropriate technique could have important repercussions. Wrong techniques for measurement and the use of poorly-validated instruments may provide a misdiagnosis from which wrong treatment modalities could ensue.
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