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                                            ABSTRACT

Ling CG, Brotherton SS, Smith SO.  Review of the Literature Regarding Gait and Class III Obesity. JEPonline 2009; 12(5): 51-61. Physical activity is a major component of disease prevention and health promotion.  Walking is a popular and convenient form of physical activity as well as a necessary activity of daily living.  When an individual is overweight, changes occur in gait (the cycle of lower limb movement for walking).  The impairment of this basic component of daily living can become a barrier to weight loss and result in disability.  Published research suggests that gait changes increase as BMI increases.  Therefore, individuals with Class III obesity [Body Mass Index (BMI) of > 40] are more likely to face mobility problems associated with gait when compared with people who have lower BMIs.  These gait deviations may affect the ability to participate in physical activity.  However, there are gaps in the current published literature regarding the effect of obesity on some components of gait in this population.  A better understanding of the impact of obesity on gait will allow those with disability to be identified and will aid in the development of exercise interventions designed to remediate underlying impairments and improve functional performance.

Keywords: Morbid obesity, Walking, Physical Activity.
INTRODUCTION
Initiatives aimed at promoting health and weight management of all obese individuals recommend walking as the best mode of exercise.  Although walking is a free, enjoyable, and safe form of exercise, gait (cycle of lower limb movement or walking) is compromised in severely obese individuals. Each step taken during the gait cycle involves a complex interplay between the variables of balance, movement, energy expenditure, external environmental forces and other physiologic forces internal to the individual (1).  When challenged by changes to any of the variables, this interplay must adapt and compensate dynamically with the individual or environment.  Structural and metabolic phenomena associated with Class III obesity present challenges which must be understood because routine physical activity is a critical element in both weight loss and weight loss maintenance (2,3).  This review analyzes current published research on the gait of people with Class III obesity to better understand the gait patterns common to these individuals.

Class III Obesity

People with Class III obesity have a body mass index (BMI) of 40 or greater, equivalent to having at least 100 pounds over recommended body weight for height (4).  BMI is calculated as weight (kg)/ height (m²).  Class III has also been called morbid or severe obesity.  The additional weight is distributed by the accumulation of adipose tissue throughout the body, which not only changes the load carried but also the structure of the body itself.  For example, increased mass distributed at the pelvis reduces the range of motion of the hips.  Additional adipose tissue distributed in the trunk alters the center of balance.  It is a reasonable assumption that the degree of gait adaptation is directly related to the amount of extra weight carried.  That assumption is based in part on evidence that weight-related morbidity and mortality risks have been found to be directly related to the degree of obesity (5,6).  Prior to examining the current literature regarding gait and Class III obesity, a brief overview of gait is in order.

Basics of Gait 

Gait is comprised of three interacting components: the physiologic objectives, the functional tasks and the phases of the gait cycle.  While there are other factors that influence gait, such as environmental factors and muscle strength, an understanding of the components of the gait cycle is necessary to evaluate bipedal locomotion in people with Class III obesity.

Table 1. Segments of a normal gait pattern.
	Phase


	IC

Initial Contact
	LR

Loading Response
	MSt

Mid Stance
	TSt

Terminal

Stance
	PSw

Pre-Swing
	ISw

Initial Swing
	MSw

Mid Swing
	TSw

Terminal Swing

	
	S STANCE
	SWING

	Task
	Weight Acceptance
	Weight Acceptance


	SLS
	SLS
	SLA
	SLA
	SLA
	SLA

	Goals 


	Stability, movement and force distribution
	Same as IC


	Maintain stability and momentum
	Same as MSt
	Move trailing limb forward 
	Same as PSw 
	Same as PSw
	Same as PSw

	Action
	Heel is placed while weight is still on other leg
	Weight shifted from heel to full foot
	Opposite leg provides momentum while the trunk passes over the foot
	Trunk passes over stable leg
	Trailing heel rises, trailing knee flexes and weight shifts to passive leg
	Active knee increases flexion active thigh moves forward and active foot clears ground
	Calf begins to extend and foot remains clear of ground
	Leg extends to touch heel


There are four physiologic objectives governing gait.  They are propulsion (movement), balance, minimization of shock to the body structure and minimization of energy expenditure for all of these activities (1).  These objectives translate into the force, speed and degree of movement during gait (7).  Gait must also accommodate environmental challenges to stability and protect body structures while propelling the individual at the lowest energy cost possible and at the consciously or subconsciously chosen speed.

Along with these physiologic objectives, gait must fulfill three specific functional tasks.  They are weight acceptance, weight bearing on a single limb (single limb support - SLS) and moving a limb forward (swing limb advancement – SLA) (8).  Weight acceptance involves the distribution of body mass over the lower limbs for stability.  SLS involves centering the total body mass on one leg, while SLA refers to moving the leg not supporting weight. These functional tasks are accomplished by movement through the phases of the gait cycle summarized in Table 1 (1,8,9).

From the perspective of mobility and the gait cycle, the body is divided into two sections – the active component (hips and legs) and the passenger component (pelvis and trunk) (1).  While the pelvis and trunk are not as active as the knee in taking a step, as passengers they contribute to work load and physiologic cost.  The passenger unit contains the majority of the load that must be moved; and it must absorb impact, contribute to stability and help determine energy expenditure (1).

Gait is measured directly and indirectly in several ways.  Kinetics, kinematics and spatiotemporal measures are of interest in this review.  These measures quantify the force, speed and degree of movement and capture the physiologic objectives of gait.    Kinetics refers to the forces, masses and acceleration while kinematics refers to joint position and movement (9, 10).  Spatiotemporal measures examine the fitness of gait in much the same way that blood pressure measurements gauge the fitness of the cardiovascular system (11).  Spatiotemporal measures quantify gait outcomes in terms of time and space.  The measures most often used are velocity, cadence, step length, stride length, stance width and stance and swing phase.  Velocity refers to distance traveled per unit of time.  Cadence refers to the number of steps taken per unit of time.  Step length refers to the length between right and left foot placement.  Stride refers to the movement of one foot through the entire cycle; the length between the first and second placement of the same foot (1).  Swing phase refers to the percentage of the gait cycle when a specific limb is in motion and stance phase refers to the percentage of the gait cycle when the limb is in contact with the ground.

Although humans intentionally and unintentionally vary their gait, normative values for these measures in adults have been established.  For example, people without impairment spend an average of 50% of the gait cycle in the stance phase and 50% in the swing phase (1).  Changes occur in the balance between the phases when impairments such diminished proprioception or muscle weakness are present (1).  While the principles and components stay the same, the duration of the gait cycle and distance walked vary.  Class III obesity presents challenges to and alterations of the body structure that affect gait.
REVIEW METHODOLOGY

A publication search using the MeSH terms obesity, morbid obesity and gait with a keyword analysis including walking was conducted in the PubMed, CINAHL, Ovid Medline and Ovid Medline InProcess databases.  Additionally, a hand search was also conducted.  All searches were limited to English language publications.  Summative and review literature was examined and their bibliographies searched for primary sources.  Of the 35 articles identified, 26 are excluded from analysis due to redundancy (multiple reports on the same study group), subjective measurement of gait components, or no discernable inclusion of participants with a BMI ≥ 40 (Figure 1). 

Self-reports of walking are specifically excluded.  Adult sample populations with evidence of some participants having a BMI of ≥ 40 and spatiotemporal measures are criteria for inclusion in the review.  Spatiotemporal gait components are inclusionary criteria because they provide an overall measure of the physiologic fitness of gait.  They are also readily replicated in clinical and community sites, allowing for knowledge gained from the review to be more readily translated for assessment of fitness in these settings.
Each article is scored as to level of evidence based upon the Polit and Beck rating scale -  summarized in Table 2 (12).  This scale rates evidence on a scale of 1 to 7 with Level 1 is assigned to systematic reviews of randomized control trials and Level 7 assigned to expert opinion. Each article is examined specifically for data regarding the active and passenger gait components (trunk and pelvis).  Passenger information is included as these areas carry an increased load in cases of class III obesity.  The results of this analysis are presented in Table 3.   

Gait and Class III Obesity

All of the studies under review have a non-experimental design, which is not surprising given the nature of the information sought.  This literature consists of a number of single studies with relatively small sample populations.  One study with an n>100 yielded the least amount of gait data.  The strength of these studies is the consistency of their findings, which together create an overall picture of gait in individuals with Class III obesity.

Kinetic and Kinematic Findings

Kinetic measures were the least frequently reported, being present in only 38% of the studies reviewed.  This does not mean that there is no literature that addresses kinetic measurement of 
gait in this population, just that such studies do not meet this review’s inclusion criteria.  Kinetic findings suggest that persons with extreme forms of obesity exert greater forces than do their lean counterparts.  Kinematic findings indicated that   the majority of studies found persons with obesity have decreased range of motion (ROM) at the hip and knee and increased ankle plantar flexion compared to lean groups.  Two studies did not find a significant kinematic difference between obese and lean participants (13, 14). However, these studies had lower mean BMIs so the lack of significant difference may be attributed to weight-related effect from lower BMI inclusion and small sample size.  The study with the largest sample size has the weakest kinematic data in that ROM is reported solely on the basis of functional task completion (15).

Spatiotemporal Findings

The spatiotemporal findings of these studies are consistent.  People with obesity – including Class III – are found to have decreased velocity, cadence, step and stride length when compared with lean cohorts 
 ADDIN EN.CITE 

(13-20)
.  Step and stance widths are increased 
 ADDIN EN.CITE 

(13,14,16)
.  The percentage of the gait cycle spent in stance phase is increased and swing phase is decreased 
 ADDIN EN.CITE 

(13,14,16,17,20)
.  These changes are thought to be adaptations of gait that promote the accomplishment of mobility and balance while distributing maximal force.  These alterations in gait also serve to minimize energy cost 
 ADDIN EN.CITE 

(21-23)
.  People with obesity have also been found to have diminished muscle strength 
 ADDIN EN.CITE 

(18,24)
.  Despite the muscle building potential of movement with increased mass (similar to resistance training), the lower extremity musculature fatigues more easily (24,25).  These changes may explain the prolonged stance period of the gait cycle associated with Class III obesity.  Stance requires less muscle activity than swing; therefore, an individual who spends more time in the stance phase of the  gait cycle  will expend less energy and will not increase muscle efficiency through training (9,26).

Passenger Component

There is no information regarding whether the trunk or hip represents a contribution or challenge as a formal, component of any of these studies.  The role of the passenger component in gait in Class III obesity is significant.  Passenger load alters the energy cost of gait and the stability of both static and dynamic stance.  Trunk and pelvic adaptation has been examined in only two studies (13,15).  People with Class III obesity have a center of gravity forward of midline, resulting in a forward tilt of the pelvic girdle (27).  Other spinal changes associated with this posture include exaggerated curvatures of the cervical, lumbar and thoracic regions and a forward tilt of the head (27).   These postural changes help to maintain stability but impair the ability to perform functional tasks such as standing and reaching in comparison with those with a leaner BMI 
 ADDIN EN.CITE 

(28-30)
.  

Support of Findings from Other Literature

Gait biomechanics differ in people with Class III obesity compared to people with lean BMIs (BMIs of 20-25) (20).  Studies with obese cohorts that do not explicitly include Class III bear out many of the results found in the review.  Diminished flexibility is noted at the hips and knees of obese children (21).  Summary articles and studies of gait and obesity with lower BMIs find that people with obesity walk at slower speeds.  They have wider static stances and a greater percentage of time in the stance phase 
 ADDIN EN.CITE 

(13,16,17,24,31,32)
. The impact on gait does seem to increase with the increase in BMI 
 ADDIN EN.CITE 

(16,19, 20)
.    

Gait Comparison

The gait literature related to class III obesity shows a distinctly different pattern of walking for this population in comparison with people with a lean BMI. Knowing that the difference exists is only part of the picture.  This information must be viewed within a comparative context.  As mentioned earlier, normative values have been established for spatiotemporal gait characteristics in the general population. A comparison between general population values and those associated with overweight/lower BMI obesity, Class III obesity and two conditions associated with pathologic gait (stroke and Parkinson’s disease) can be used to examine spatiotemporal characteristics.  This comparison is shown in Table 4 
 ADDIN EN.CITE 

(11,16,21,22,24,32,34,43-46)
.  The spatiotemporal values for gait in Class III obesity more closely resemble those found with Parkinson’s disease and stroke than the normative values.  The values for overweight and lower BMI obesity lie between the general population and Class III obesity, strengthening the evidence that gait variation is weight-class specific.  Examination of the gait characteristics raises the question of how functional gait outcomes are for this population.  While beyond the scope of this article, examination of gait related functional outcomes in Class III obesity is a logical next step.
Areas for Further Exploration
The literature reviewed gives insight into the gait of people with Class III obesity but is primarily observational or descriptive.  While providing a clear picture of gait characteristics, the literature presents several avenues for further research that can positively impact clinical practice.  These areas include integrated examination of the passenger and motor components, need for specificity of obesity classification, and rehabilitation.  

Merging the analysis of locomotion with the secondary components of trunk and pelvic load, motion and alignment can give a more complete picture of the compensatory mechanisms for mobility used by this population.  Such investigation would also lay a foundation for interventional research to target rehabilitation, physical activity and best clinical practices.  

Community and clinical practices may need to differ according to BMI classification. While increases in obesity-related morbidity and mortality have a direct relationship with BMI, the logical assumption that the same relationship exists between gait and BMI requires additional evidence (6).  Specifically designating the obesity classification of participants in research will give clinicians and community-based providers population-specific evidence.  BMI specific evidence will allow for tailored interventions.  

Those tailored interventions may take the form of rehabilitation rather than physical training.  Tailored rehabilitation and activity interventions are documented to have positive impact with pain, function and physical activity level outcomes 
 ADDIN EN.CITE 

(33-35)
.  Synthesis of these principles with gait analysis in populations with Class III obesity can be used to target interventions for improvement in physical activity capacity and output.  These interventions are salient because physical activity is a critical component in the long-term management of obesity (36-38).
SUMMARY

Walking is a key component in daily functioning and activity, a treatment for chronic diseases such as diabetes and obesity and a means of health promotion and disease prevention (2,39,40).  Walking with Class III obesity is a unique and challenging activity because of the increased load and obesity-related body structural changes.  These challenges increase as BMI increases so that people with Class III obesity are at high risk for significant gait alteration. Additionally, obesity-related center of gravity changes potentially increase the risk of instability during movement.  Further research and clinical interventions need to examine these phenomena in this population in order to maximize physical activity by people most vulnerable to the morbidity and mortality associated with elevated and severe BMI (6,41,42). 

Address for Correspondence: Catherine Ling, 1463 Kings Lane Palo Alto, CA 94303, USA.  Phone: (843) 701-2508, Email: lingcg@musc.edu.
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Table 4: Comparative Measures of Gait.


Temporal Spatial Measures�
Normative Ranges�
Overweight/ Class I Obesity�
Class III Obesity�
Parkinson’s disease�
Stroke�
�
Stride Length (m)


�
1.3 – 1.6�
0.9-1.1�
0.8-1.3�
0.9-1.2�
0.7�
�
Stance Width (cm)


�
7.0-9.0


< 1/2 pelvic width�
↑ 30%�
5.0-20.7�
5.0-9.0�
15-19�
�
Cadence (steps/min)


�
110-120�
97-123�
60-108�
101 - 129�
38-111�
�
Velocity (m/sec)


�
1.2-1.6�
1.0-1.1�
0.5-1.1�
1.0-1.2�
0.2-1.1�
�






Table 2:  Levels of evidence. 


Level�
Description�
�
1�
Systematic review of RCT and nonrandomized trials�
�
2�
Single RCT or nonrandomized trial�
�
3�
Systematic review of correlational/observational studies�
�
4�
Single correlational/observational study�
�
5�
Systematic review of descriptive/qualitative/physiologic studies�
�
6�
Single descriptive/qualitative/physiologic study�
�
7�
Expert opinion – individual, committee�
�






Figure 1. Search Schemata.





Table 3. Class III Obesity and Gait Analysis: Review of the Literature


Source�
Evidence Level�
Sample�
Kinetic Findings*�
Kinematic Findings*�
Spatiotemporal Findings*�
Passenger Findings�
�
� ADDIN EN.CITE <EndNote><Cite><Author>de Souza</Author><Year>2005</Year><RecNum>10</RecNum><record><rec-number>10</rec-number><foreign-keys><key app="EN" db-id="e59f29eeqvr22zetawt52590s9e29099st2r">10</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>de Souza, S. A.</author><author>Faintuch, J.</author><author>Valezi, A. C.</author><author>Sant&apos; Anna, A. F.</author><author>Gama-Rodrigues, J. J.</author><author>de Batista Fonseca, I. C.</author><author>Souza, R. B.</author><author>Senhorini, R. C.</author></authors></contributors><titles><title>Gait cinematic analysis in morbidly obese patients</title><secondary-title>Obesity Surgery</secondary-title></titles><periodical><full-title>Obesity Surgery</full-title></periodical><pages>1238-42</pages><volume>15</volume><number>9</number><keywords><keyword>Body Mass Index</keyword><keyword>Female</keyword><keyword>Gait</keyword><keyword>Humans</keyword><keyword>Leg/pp [Physiopathology]</keyword><keyword>Male</keyword><keyword>Middle Aged</keyword><keyword>Obesity, Morbid/pp [Physiopathology]</keyword><keyword>Walking</keyword></keywords><dates><year>2005</year><pub-dates><date>Oct</date></pub-dates></dates><accession-num>16259878</accession-num><urls></urls></record></Cite></EndNote>�(16)��
6�
n=34


BMI‡ =40�
§�
§�
V▫ = ↓


C▫ = ↓


StrL▫ = ↓


SL▫ = ↓


SW▫ = ↑�
None�
�
� ADDIN EN.CITE <EndNote><Cite><Author>DeVita</Author><Year>2003</Year><RecNum>13</RecNum><record><rec-number>13</rec-number><foreign-keys><key app="EN" db-id="e59f29eeqvr22zetawt52590s9e29099st2r">13</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>DeVita, P.</author><author>Hortobagyi, T.</author></authors></contributors><titles><title>Obesity is not associated with increased knee joint torque and power during level walking.[see comment]</title><secondary-title>Journal of Biomechanics</secondary-title></titles><periodical><full-title>Journal of Biomechanics</full-title></periodical><pages>1355-62</pages><volume>36</volume><number>9</number><keywords><keyword>Adult</keyword><keyword>Ankle Joint/pp [Physiopathology]</keyword><keyword>Biomechanics</keyword><keyword>Case-Control Studies</keyword><keyword>Female</keyword><keyword>Gait</keyword><keyword>Hip Joint/pp [Physiopathology]</keyword><keyword>Humans</keyword><keyword>Kinetics</keyword><keyword>Knee Joint/pp [Physiopathology]</keyword><keyword>Male</keyword><keyword>Obesity/pp [Physiopathology]</keyword><keyword>Time Factors</keyword><keyword>Torque</keyword><keyword>Walking</keyword></keywords><dates><year>2003</year><pub-dates><date>Sep</date></pub-dates></dates><accession-num>12893044</accession-num><urls></urls></record></Cite></EndNote>�(17)��
4�
Obese Cohort


n=39 


BMI‡ = 42.3 





Lean Cohort


n = 18 


BMI‡ = 22.7 �
Knee torque = ↑





Ankle torque = ↑�
Knee flexion = ↓





Ankle plantar flexion = ↑�
V = ↓


C = ↓


SL = ↓


Swing % = ↓


Stance % = ↑


�
None�
�
� ADDIN EN.CITE <EndNote><Cite><Author>Hulens</Author><Year>2003</Year><RecNum>30</RecNum><record><rec-number>30</rec-number><foreign-keys><key app="EN" db-id="e59f29eeqvr22zetawt52590s9e29099st2r">30</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Hulens, M.</author><author>Vansant, G.</author><author>Classens, A.</author><author>Lysens, R.</author><author>Muls, E.</author></authors></contributors><titles><title>Predictors of 6-minute walk test results in lean, obese and morbidly obese women</title><secondary-title>Scandinavian Journal of Medicine and Science in Sports</secondary-title></titles><periodical><full-title>Scandinavian Journal of Medicine and Science in Sports</full-title></periodical><pages>98-105</pages><volume>13</volume><dates><year>2003</year></dates><urls></urls></record></Cite></EndNote>�(18)��
4�
n=200 


BMI range 27- >35�
§�
§�
V = ↓


�
None�
�
� ADDIN EN.CITE <EndNote><Cite><Author>Larsson</Author><Year>2001</Year><RecNum>23</RecNum><record><rec-number>23</rec-number><foreign-keys><key app="EN" db-id="e59f29eeqvr22zetawt52590s9e29099st2r">23</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Larsson, U.</author><author>Mattsson, E.</author></authors></contributors><titles><title>Functional limitations linked to high body mass index, age and current pain in obese women</title><secondary-title>International Journal of Obesity</secondary-title></titles><periodical><full-title>International Journal of Obesity</full-title></periodical><pages>893-899</pages><volume>25</volume><dates><year>2001</year></dates><urls></urls></record></Cite></EndNote>�(15)��
4�
n=79 





Obese Cohort


BMI‡ = 37.1 





Lean Cohort 


BMI‡ = 22.1 �
§�
Lower limb ROM (squat/rise/bend) = ↓�
V = ↓


�
None†�
�
� ADDIN EN.CITE <EndNote><Cite><Author>Spyropoulos</Author><Year>1991</Year><RecNum>40</RecNum><record><rec-number>40</rec-number><foreign-keys><key app="EN" db-id="e59f29eeqvr22zetawt52590s9e29099st2r">40</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Spyropoulos, P.</author><author>Pisciotta, J.</author><author>Pavlou, K.</author><author>Cairns, M.</author><author>Simon, S.</author></authors></contributors><titles><title>Biomechanical gait analysis in obese men</title><secondary-title>Archives of Physical Medicine &amp; Rehabilitation</secondary-title></titles><periodical><full-title>Archives of Physical Medicine &amp; Rehabilitation</full-title></periodical><pages>1065-1070</pages><volume>72</volume><dates><year>1991</year></dates><urls></urls></record></Cite></EndNote>�(13)��
4�
n=12


BMI‡ = 38 


�
§�
Hip flexion = ↓ 





Knee flexion = similar





Ankle plantar flexion = ↑�
V = ↓


C = ↓


StrL = ↓


SW = ↑


Swing % = ↓


Stance % = ↑�
Pelvic tilt�
�
� ADDIN EN.CITE <EndNote><Cite><Author>Tompkins</Author><Year>2008</Year><RecNum>56</RecNum><record><rec-number>56</rec-number><foreign-keys><key app="EN" db-id="e59f29eeqvr22zetawt52590s9e29099st2r">56</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Tompkins, J.</author><author>Bosch, P.</author><author>Chenowith, R.</author><author>Tiede, J.</author><author>Swain, J.</author></authors></contributors><titles><title>Changes in functional walking distance and health-related quality of life after gastric bypass surgery</title><secondary-title>Physical Therapy</secondary-title></titles><periodical><full-title>Physical Therapy</full-title></periodical><pages>928-935</pages><volume>88</volume><number>8</number><dates><year>2008</year></dates><urls></urls></record></Cite></EndNote>�(19)��
6�
n = 25


BMI‡= 45.5 �
§�
§�
V = ↓


�
None�
�
� ADDIN EN.CITE <EndNote><Cite><Author>Browning</Author><Year>2007</Year><RecNum>58</RecNum><record><rec-number>58</rec-number><foreign-keys><key app="EN" db-id="e59f29eeqvr22zetawt52590s9e29099st2r">58</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Browning, R.</author><author>Kram, R.</author></authors></contributors><titles><title>Effects of obesity on the biomechanics of walking at different speeds</title><secondary-title>Medicine &amp; Science in Sports &amp; Exercise</secondary-title></titles><periodical><full-title>Medicine &amp; Science in Sports &amp; Exercise</full-title></periodical><pages>1632-1641</pages><volume>39</volume><number>9</number><dates><year>2007</year></dates><urls></urls></record></Cite></EndNote>�(14)��
4�
n= 20


Obese Cohort


BMI‡ = 35.5





Lean Cohort 


BMI‡ = 22.0�
GFR▫ ↑�
No significant difference �
V = ↓


C = ↓


SW = ↑


Swing % = ↓


Stance % = ↑�
�
�
� ADDIN EN.CITE <EndNote><Cite><Author>Vismara</Author><Year>2007</Year><RecNum>24</RecNum><record><rec-number>24</rec-number><foreign-keys><key app="EN" db-id="e59f29eeqvr22zetawt52590s9e29099st2r">24</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Vismara, L.</author><author>Romei, M.</author><author>Galli, M.</author><author>Montesano, A.</author><author>Baccalaro, G.</author><author>Crivellini, M.</author><author>Grugni, G.</author></authors></contributors><titles><title>Clinical implications of gait analysis in the rehabilitation of adult patients with &quot;Prader-Willi&quot; Syndrome vs matched obese patients and healthy subjects</title><secondary-title>Journal of NeuroEngineering and Rehabilitation</secondary-title></titles><periodical><full-title>Journal of NeuroEngineering and Rehabilitation</full-title></periodical><pages>1-7</pages><volume>4</volume><number>14</number><dates><year>2007</year></dates><urls></urls></record></Cite></EndNote>�(20)��
4�
n=53


BMI range 19-50


�
Plantar flexion = ↑





Ankle torque = ↑�
Foot Progression = ↓ 


Hip ROM = ↓


Knee ROM = ↓


Ankle ROM = ↓�
V = ↓


C = ↓


StrL = ↓


Swing % = ↓


Stance % = ↑�
None�
�
* All results are reported for Class III obesity findings as they relate to findings with lower BMIs. §; NA, –; Components are not measured, not reported or not able to be interpreted as unique to persons with obesity, ‡; Mean,†; Flexibility activities center on pelvis and trunk, GFR▫; Ground Reactive Force, V; velocity, C; cadence, StrL; Stride Length, SL; Step Length, SW; Step Width.








