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ABSTRACT 

The results ofprevious studies indicate decreased static balance,less 

perceived safety and increased injurious falls among neuropathic diabetics. The 

objective ofthis study wasto determine the relationship between diabetic 

neuropathy,dynamic balance performance,falls and fear offalling among a 

diabetic sample population. Fourteen neuropathic diabetics(DM-NP),non-

neuropathic diabetics(DM)and controls were assessed on theBerg Balance 

Scale(BBS),TimedUp&Go(TUG),fall history and fear offalling. 

The results ofthis study demonstrate significant differences onTUGand 

BBS performance betweenDM-NPsand controls,betweenDM-NPsand non-

neuropathic participants and between diabetics and controls. There wasa 

significant difference betweenDMsand controls onBBS performance. There 

wasno significant difference onTUGandBBS performance betweenDM-NPs 

and DMs. Performance onBBSitem 14(single leg stance)was significantly 

different among all groups. Performance on TUGandBBS was not associated 

with number ofreported falls and fall category(high and low fallers)among 

diabetics. Diabetics reportingtwo or morefalls in the past year performed more 

poorly onBBS item8(stand and reach),item 12(alternately placing footon 

stool), and item 14than diabetics reporting one or no falls in the past year. There 

was no association betweenfear offalling and diabetic neuropathy,fall history 
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and fall category. There was an association between fear and clinical balance 

performance. 

The ability ofBBS itemsto differentiate high andlow fallers among 

diabetics may prove useful in identifying diabetics at risk forfalls. Studies of 

dynamic balance among diabetics should allow forthe potentially confounding 

influence offear offalling. 
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CHAPTERI:INTRODUCTION 

Peripheral neuropathy is acommoncomplication ofdiabetes mellitus 

(Delbridge,Ctercteko,Fowler,Reeve,&LeQuesne,1985), Diabetic neuropathy 

is clinically detectable in25 percentofdiabetics after 10 years ofdiagnosis and 

inup to50%ofdiabetics within20 years ofdiagnosis(Pirat, 1978). The most 

commonform ofdiabetic neuropathy is distal symmetrical polyneuropathythat 

affects both motor and sensoryfunction,but particularly the latter. Sensory 

deficits appear first in the distal-most partofthe lower extremity and progress 

proximally. Large and small sensoryfiberinvolvementleadsto diminished 

pain,temperature, proprioception,lighttouch perception and vibration 

perception. Large motorfiber involvement resultsin lower leg and foot muscle 

weakness and imbalance betweenthe longtoeflexors and extensors,leading to 

increased plantar pressures during weight bearing(Ctercteko,Dhanendram, 

Hutton,&LeQuesne,1981). The combination ofinsensitivity and increased 

plantar pressure is a cause ofulceration in diabetics(Levin, 1997),a 

complication commonly resulting in amputation(Reiber, 1993). 

In addition to ulceration, diabetic neuropathy is associated with falls and 

postural instability. Diabetics with neuropathy are at greater risk offall-related 

injury(Cavanagh,Derr,Ulbrecht,Maser,&Orchard,1992)and demonstrate 

more posturalsway during standing(Simoneau,Ulbrecht,Derr,Becker,& 

Cavanagh,1994;Uccioli et al, 1995). Considerable research has been devoted 
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tothe study ofpostural instability and predictorsoffall riskin the well and frail 

elderly population(Campbell,Borrie&Spears, 1989;Duncan Wilson, 

MacLennan&Lewis,1992);Duncan Studenski,Chandler&Prescott,1992; 

Lord,Ward,Williams&Anstey, 1994). The purpose ofthis study is to add to 

existing information on postural instability among diabetics by investigating the 

relationships between diabetic neuropathy,functional balance performance,falls 

and fear offalling. 



CHAPTERn;REVIEWOFTHELITERATURE 

A. Mechanism ofpostural control 

Balance is achieved throughthe synthesis of somatosensory,visual and 

vestibular information by higher brain centers. The muscle,joint and cutaneous 

receptors ofthe somatosensory system provide informationtothe central 

nervous system onjoint position and movement (Simoneau,Ulbrecht,Derr,& 

Cavanagh,1995). Vision provides information abouttheidentity and movement 

ofobjects and signalsthe location and motion ofthe head in space. The 

vestibular system indicates head position and movement with respectto gravity 

(Shumway-Cook&Woollacott, 1995). 

The relative influence ofthe afferent sensory systems on postural 

stability has been studied in non-diabetic subjects ofvarious age and health 

status. An increase in posturalsway has been demonstrated in healthy elders 

with visual and sensory deprivation notrelated to age(Ring,Nayak,&Isaacs, 

1989). Duncan et al.(1992)found that vibration sense showed a consistent 

relationship to all measuresofswayin menand a positive association which was 

not statistically significantin women. Older subjects(mean age80 years)free 

ofneurological disease exhibit significantly impaired balance performance with 

reductions in visualinput and in distallower extremity tactile and proprioceptive 

input(Judge,King,Whipple,Clive,&Wolfson,1995). Liastudy ofelderly 



subjects,Brocklehurst,Robertson,and James-Groom(1982)found an 

association between posturalsway and impaired vibration sense in the legs and 

no correlation between posturalsway and visual deprivation. In astudy of 

residents ofa hostelforthe aged,a reduction in visualinputwas associated with 

bodysway when subjects stood on acompliant surface,butnotwhenthey stood 

on afirm surface,indicating a significantinfluence ofankle proprioception on 

sway(Lord,Clark,&Webster, 1991a). Teasdale,Stelmach,and Breunig(1991) 

studied young and older subjects and found sway wasinfluenced more under 

altered visual conditionsthan under altered surface conditions,butwas 

influenced mostunder combined altered visual and surface conditions. 

The simultaneousinvolvementofvision and peripheral nervesin 

diabetes may predispose this population to balance problems and falls. The 

effectofdiabetes on peripheral nerves may affect postural control,as sensory 

afferentinputand motor efferent outputis required(Geurts et al., 1992). Visual 

impairment,acommon consequence ofdiabetes(Orchard,et al., 1990)may 

contributeto balance difficulties. Evidence ofan association between diabetes 

and vestibular systemfunction is limited and inconclusive(vanDeursen& 

Simoneau,1999). Although central nervous system involvementin diabetes is 

evident,the association between central processing and postural instability in 

diabetics with neuropathy has notbeen established(Uccioli,et al., 1997). 

Dynamic posturography has been used to discriminate betweenthe 
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relative efTects ofsomatosensory,visual,and vestibular information in postural 

controlin diabetics. Dynamic posturographic equipmentconsists ofa moveable 

forceplate,a moveable visual surround and a computerfor data analysis. The 

results ofdynamic posturographic analysesindicate thatvision and vestibular 

involvement may play a role in postural instability in neuropathic diabetics,but 

the proprioceptive involvementofthefoot and ankle predominate asthe primary 

source ofbalance disturbance(Nardo et al., 1999;Uccioli,et al., 1995;Uccoli, 

et al., 1997;vanDeursen&Simoneau,1999). 

In normalindividuals,the muscle spindles ofthelowerlegs appearto 

play the major role in postural control(Hay,Bard&Fleury, 1996;Quoniam, 

Hay,Roll,&Harlay, 1995),whereasthe relative importance ofthe various 

receptorsto postural instability in neuropathic diabetics less clear(vanDeursen 

&Simoneau, 1999). The perception ofankle movementin neuropathic 

diabetics is impaired,requiring greater ankle angular displacementfor 

movementrecognition(Simoneau,Ulbrecht,Derr,Becker&Cavanagh, 1996). 

Impaired muscle spindle function appearsto play arole in reduced ankle 

movement perception,butthe mechanism has not been clearly illuminated(van 

Deursen,Sanchez,Ulbrecht,&Cavanagh,1998). Functional deficitsin Golgi 

tendon organs andjoint mechanoreceptors are assumed,butthere is alack of 

research to demonstrate specificinvolvement(vanDeursen&Simoneau, 1999). 



B. Neuropathy and gait 

Thoughthe mechanism is unclear,the effect ofsensory neuropathy on 

balance and posture has received considerable research attention.Diabetics with 

peripheral neuropathy give a greater amoimtofattention to walking 

(Courtemanche,et al., 1996)and demonstrate a slower walking velocity and 

shorter stride lengththan controls(Mueller,Minor,Sahrmann,Schaaf,&Strube, 

1994;Courtemanche,et al, 1996). It has been suggested thatchangesin 

walking characteristics may be compensatory strategies used by neuropathic 

personsto maintain upper body stability during dynamic gait(Courtemanche,et 

al., 1996). Unique gait characteristics may also be related to fear offalling. 

Maki(1997)reported thatincreased stride to stride variability is an independent 

predictor offalls in older ambulatory adults,butthe stabilizing characteristics of 

slower walking speed,shorter stride length,and prolonged double support are 

related tofear offalling and are notindependent predictors offalls. 

C. Neuropathy and falls 

Richardson,Ching,and Hurvitz(1992)reported that peripheral 

neuropathy is associated with falling. Cavanagh et al.(1992)noted that 

neuropathic diabetics are 15 times more likely to reportinjury during walking 

and standing and reportless perceived safety in unusual situations than non-

neuropathic diabetics ofthesame gender,duration ofdiabetes,and degree of 
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retinopathy. The authors suggestthatthe results mayunderestimate the effect 

ofneuropathy on posture and gait, asinterviewing methods were used to obtain 

data regarding falls and injuries. 

D. Neuropathy and posturography 

Static posturography is atechnique in which a subject stands quietly on a 

force platform while the excursion ofthe centerofpressure,a measure of 

posturalsway,is calculated(Simoneau et al., 1994). Following stringent 

screening ofparticipants to exclude influencing factors otherthan diabetic 

neuropathy,Simoneau,et al.(1994)studied controls and diabetics with and 

without neuropathy and reported that postural instability,evidenced by degree of 

posturalsway on aforce platform,was associated with sensory neuropathy. 

Neuropathic diabetics demonstrated a greater degradation ofstability as visual 

inputs were compromised,suggesting thatthe neuropathic diabetics may have 

relied more heavily on visual inputs to compensatefor loss ofsensory inputs 

than the non-neuropathic diabetics and controls. However,in a multiple 

regression analysis ofthe sensory characteristics(vibration perception threshold, 

touch pressure sensation)and physical characteristics(age,weight,height, 

duration ofdiabetes,retinopathy,vision,ankle strength,and range ofmotion), 

only sensory neuropathy and age contributed significantly to the instability 

observed. 
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Dynamic posturography has been used to studythe balance responseto 

postural perturbations in diabetics with neuropathy and in control subjects. Each 

subject stood ona moveable platform and the responseto translational and 

rotational perturbation wasanalyzed. Neuropathic diabetics demonstrated the 

normal pattern ofresponse in which distal muscles were activated priorto 

proximal muscles,butthe response was delayed and oflarger amplitudethanin 

the control subjects. It was proposed thatthe increased amplitude ofresponse in 

neuropathic subjects may be a protective mechanism to avoid falling(Inglis, 

Horak,Shurpert,Jones-Rycewicz, 1994). 

£. Functional balance assessment 

Thetasks ofmaintaining balance control during quiet stance and during 

dynamic activity,such as walking, differ significantly. In stance,the center of 

mass(COM)mustbe maintained within a stationary base ofsupport(BOS). In 

walking,theCOM andBOS are both moving and the COM is not maintained 

within theBOS during single-limb support(Winter, 1995). In orderto fiilly 

assess balance control, stability in movementshould be examined. Common 

clinical fimctional balance performance testsinclude theBergBalance Scale 

(BBS),Dynamic GaitIndex(DGI),Balance Self-Perceptions Test(BSPT), 

Functional Stand and Reach(FSR),the TinettiBalance and Gait Score(TEGS), 

and the TimedUp and Go(TUG)test. 
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Although no"gold standard" existsfor assessing balance,the reliability 

and concurrent validity oftheBBS with other clinical measures ofbalance has 

been demonstrated. The inter-rater and intra-raterreliability oftheBBS is high 

(bothICCs=0.98)andBBS scores correlate strongly(r=0.81)with overall 

balance ratings bytherapists treating the subjects (Berg,Wood-Dauphinee, 

Williams,&Gayton,, 1989). The correlation oftheBBS with Tinetti's Balance 

Sub-scale and the Timed Up and Gro is 0.91 and-0.76,respectively(Berg, 

Wood-Dauphinee,Williams,&Maki,1992). 

TheDGIis used to rate performance on different gaittasksincluding 

stepping,pivoting,and turning and has demonstrated good reliability 

(Shumway-Cook,Gruber,Baldwin,&Liao,1997)and high correlatation with 

riskfactorsforfalls and with other tests (Shumway-Cook,Baldwin,Polissar,& 

Gruber, 1997). TheTUGhas beenshownto have high inter-rater and intra-rater 

reliability(bothICCs=0.99)and to correlate well with theBBS and other gait 

and balance scores(Podsiadlo&Richardson,1991).The reliability oftheTBGS 

has been demonstrated(Tinetti, 1986)and is useful in identifying elderly 

persons at risk offalling(Tinetti, Speechley,&Ginter, 1988). These commonly 

used clinical balance measures have notbeen routinely employed in studies of 

balance performance in neuropathic diabetics. 

Liastudy ofcommunity dwelling elderly with and without diabetes, 

there wasno difference between groupsonTUGtest(Braun et al., 1996). No 
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objective measure ofneuropathy wasobtained and the subjective sensation of 

numbness/poorfeeling in the feet wasreported in only 18%ofthe diabetics in 

the study. 

F. Balance and falls 

Conflicting results have been reported in studies ofthe relationship 

between postural sway and falls. In retrospective studies,some researchers have 

found a correlation betweensway and fall history(Lichtenstein, Shields, Shiavi, 

&Burger, 1988;Overstall,Exton-Smith,Imms,Johnson, 1977;Overstall, 

Johnson,Exton-Smith, 1978;Imms,Edholm,1981;Brocklehurst et al., 1982), 

whereas others have not(Fife&Baloh,1993;Baloh et al, 1994). In a study of 

institutionalized elderly,the mean speed ofsway was significantly greaterfor 

those who fell one or moretimesthan forthose who did notfall. Yet,there was 

no association between increasing mean speed ofsway and increasing fall 

frequency(Fernie, Gryfe,Holliday,&Llewellyn, 1982). A prospective study by 

Lord et al.(1994)on elderly women341 women[ages 73.6(+6.3)]soughtto 

determine physiologicalfactors associated with falls in a one yeartime period. 

Results indicated that multiplefalling was associated with vision,decreased 

vibration sense(determined by a vibration device applied to the tibial 

tuberosity), poor leg strength, decreased reaction time and impaired balance 
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(assessed by static sway and ability to marchin placeforone minute with eyes 

closed). 

Riskfactorsfor multiple falls amongthe elderly include thefollowing: 

previous falls, previous injurious falls, poortandem gait, decreased vision, 

neurological disease, cognitive impairment,useofsedatives,lower extremity 

disabilities, gait abnormalities and balance disturbance(Nevitt et al, 1989; 

Tinetti&Speechley, 1990). Several researchers agree that past history offalls 

(Harada,Chiu,&Damron-Rodriquez,1995;Nevitt et al, 1989;Studenski et al., 

1994)and decreased balance and mobility(Studenski et al., 1994;Tinetti& 

Speechley,1988)are strong predictorsofthe likelihood offalls. 

In a study ofresidents in a homeforthe elderly.Berg et al.(1992) 

reported predictors offalls to include balance scores(BBS),vision and previous 

falls,though no onefactor orindividual characteristic wasresponsibleforfalls. 

Based on clinical experience indicating aBBS score of45to bea cut-offpoint 

below which supervision or assistance during walking may be required.Berg et 

al(1992)studied the fall risk among residents in a homeforthe elderly and 

reported arelative risk of2.7falls overa 12 month period for individuals with 

BBS scores less than45. 

Astudy by Thorbahn and Newton(1996)ofelderly persons living in 

independent life-care facilities demonstratedtheBergto be highly specific 

(96%),correctly identifying persons scoring>45 as having a high probability of 
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notfalling. TheBerg demonstrated low sensitivity, accurately predicting 

those who would fall53%ofthe time. The authors interpreted the low 

sensitivity result as indicating the multi-factorial nature offall risk. The most 

frequentfallers scored closer to the cutoffscore of45 ratherthanfurther away. 

Participants most physically impaired may be less likelyto fall duetothe 

adoption ofcompensatory strategies,such asthe use ofassistive devices. 

In a study to develop a modeloffall risk among community-dwelling 

older adults,factors considered were age,gender,medications, mental status, 

use ofassistive devices,BBS,DGI,score ontheBSPT,speed ofself-paced and 

fast-paced gait,and history ofimbalance. Factorsidentified asthe most 

sensitive and specifictofall risk among community-dwelling older adults were 

theBBS and a selfreported history ofimbalance(Shumway-Cook,Baldwin,et 

al., 1997). 

In a retrospective study ofelderly participants independentin activities 

ofdaily living,Maki et al.(1991)reported poorer scores onthe Tinetti balance 

test among participants who reported having fallen one or moretimes in the 

previous year. There was no association between fall history and posturalsway 

or single leg stance. Results indicated thatthe better predictor ofsingle leg 

stance performance wasfear offalling,ratherthan fall history. 

In studies ofelderly community dwellers,an association between 

multiple falls and fear offalling has been demonstrated(Tinetti et al., 1988; 



13 

Vellas,Wayne,Romero,Baumgartner,&Garry, 1997). Amongthe study 

participants who had fallen in the previous year,48%were afraid offalling and 

28%limited their activities because offearoffalling(Tinetti, et al., 1988). The 

likelihood ofreportingfear offalling wasgreater among women(Vellas et al., 

1997). 

6. Static and functional balance tests 

The clinical value ofposturalsway measuresremains unclear. In astudy 

ofresidential elderly subjects,a moderate correlation(range-0.46to -0.67, 

average -0.55;p <.01)was demonstrated betweentheBBS and spontaneous 

swaytests ofvarying amplitudes and speeds(Berg,Maki,Williams,Holliday,& 

Wood-Dauphinee,1992). In a study ofcommunity dwelling older women, 

modest correlations ranging from-0.46to -0.64(p<.001)werefound between 

the overall mobility index ofTinetti and posturalsway in various stance 

positions(eyes open; single limb stance;eyes open:double limb stance;eyes 

closed double limb stance). There wasno correlation(r=0.06;p>.05)between 

sway and the Tinettiin the most difficult position of eyes closed in single limb 

stance (Lichtenstein,Burger,Sheilds,&Shiavi, 1990). 

In astudy ofelderly nursing home residents, correlations ranging from 

0.8to 0.30 werefound between postural sway measured ontheforce platform 

and frinctional measuresofbalance including functional reach,timed walks. 



14 

timed chair rise,and a modified TinettiIndex(Thapa,Gideon,Fough, 

Kormicki,&Ray,1994). Astudy ofcommunity dwelling frail elderly 

demonstrated arelationship between all measures posturalsway(except eyes 

closed path length)and sensorimotor deficits, butno relationship between 

measures ofposturalsway(path length,areaofan ellipse, medial-lateral 

excursion,and anterior-posterior excursion under conditions ofeyes open and 

closed)and thefunctional performance measures ofstanding reach, mobility 

skills,timed walks,and chair rise(exceptforaweak correlation of-0.25 

between mobility skills and the posturalsway measure ofpath length with eyes 

open). The authors concluded posturalsway does notindicatefunctional 

performance(Hughes,Duncan,Rose,Chandler,&Studenski, 1996). 

In a study ofambulatory hemiparetic participants,functional balance 

performance ontheBBS and gait velocity wascompared to static and dynamic 

balance measures obtained fromtheBalance Master(NeuroCom International, 

Inc., Clackamas OR),a computerized measurement and feedback system. Inthe 

static tests, posturalsway was measured while the subjects stood as still as 

possible ontheBalance Master platform underthe conditions ofeyes open,eyes 

closed and eyes open while attempting to maintain the center ofgravity within a 

targetboxon a visual display monitor. Inthe dynamic tests,the subjects shifted 

their weightfrom side to side and forward and backward atvarying paces and 

whilefollowing atargeton the visual display monitor. Thetest-retest reliability 
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oftheBBS and gait velocity measures were high(ICC=0.98 and 0.96, 

respectively). TheICCsfortest-retestBalance Master static and dynamic tests 

ranged from0.50to 0.63 and from0.29to 0.88,respectively. Thefunctional 

measures(BBS scores and gait velocity)were strongly correlated(r=0.81;p< 

.001). Noneofthe staticBalanceMastertests related to eitherfunctional 

measure. The correlations between dynamicBalance Mastertests and theBBS 

ranged from-0.51 to-0.67. The authors concluded thattheBBS is a reliable 

and valid functional balance measure and thatthe static Balance Master 

measures ofbalance did notrelate tofunctional balance performance in 

hemiplegic subjects(Liston, 1996). In a study ofhealthy subjects using the 

ChattecxBalance System(Chattecx Corp,Chattanooga,TN)to determine static 

and dynamicsway,no association wasfound between any measure ofsway 

velocity,numberofreported falls, orthe TinettiBalance and Gaitscore(Baloh 

et al., 1994). 

H. Neuropathic diabetic balance 

The currentliterature supports acompromise ofbalance in neuropathic 

diabetics as determined by posturalsway(Simoneau et al., 1994)and dynamic 

posturography(Nardo et al., 1999;Uccoli et al., 1995). Neuropathic diabetics 

are 15 times more likely to report aninjurious fall and report decreased 

perceived levels ofsafety(Cavanagh et al, 1992). Gait strategies identified in 
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this population(decreased stride length,slower walking velocity and increased 

attention to walking)may be compensatory strategies which increase stability 

during walking. However,it appearsthe compensatory strategies are not 

adequateto decrease risk ofinjurious falls in this population. 

Itis importantto identify high risk diabeticsforfall prevention 

intervention. The GuidetoPhysical TherapistPractice(1997),a clinical tool 

describing preferred practice patterns, statesthat preferred tests and measures 

for persons with impaired motorfunction and sensory integrity associated with 

acute or chronic polyneuropathy include"identification and quantification of 

static and dynamic balance activities" and"gait,locomotion,and balance 

profiles." Itisimportantfor practice patternsto be supported by specific and 

thorough research studies. 

The influence ofdiabetic neuropathy on static balance,evidenced by 

postural sway,has been reported(Simoneau et al., 1994). The clinical value of 

posturalsway as an indicator ofdynamic balance performance is unclear(Baloh 

et al., 1998,Liston et al., 1996). In arecently published review article on 

postural instability in diabetics with neuropathy,vanDeursen arid Simoneau 

(1999)commented onthe scarceness ofresearch relative tofunctional balance 

performance among diabetics with neuropathy. Avaluable contribution to 

physical therapist practice would be a reportofsuch performance and to 

determine relationshipsto falls and fear offalling. 
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L Purpose ofthestudy 

The purpose ofthis study is to determine the performance ofdiabetics 

and controls oncommon clinical measuresoffunctional balance and to 

determine whether diabetic neuropathy is associated with functional balance 

performance,falls and fear offalling. The study is composed offive parts. The 

purpose ofpartone isto determine the relationship between diabetic neuropathy 

and functional balance performance among groups(among neuropathic 

diabetics,non-neuropathic diabetics,and controls;among diabetics and controls; 

and among neuropathic diabetics and non-neuropathic participants). The 

purpose ofparttwo isto determine the relationship between vibration scores and 

functional balance performance among diabetics. The purpose ofpartthree isto 

determine the relationship between diabetic neuropathy,falls and fear offalling 

among groups. The purpose ofpartfour isto determine the relationship 

between vibration scores,falls and fear offalling among diabetics. The purpose 

ofpartfive is to determine the relationship betweenfunctional balance 

performance,falls and fear offalling among diabetics. Theresearch hypothesis 

relative to part 1 ofthe study isthatthere is no relationship between diabetic 

neuropathy and functional balance performance among groups. The research 

hypothesis relative to parttwo ofthe study is thatthere is no relationship 

between vibration scores and functional balance performance among diabetics. 

The research hypotheses relative to part3ofthe study is thatthere is no 
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relationship between diabetic neuropathy,falls and fear offalling among 

groups. The research hypothesesrelative to partfourofthe study isthatthere is 

no relationship between vibration scores,falls and fear offalling among 

diabetics. The research hypothesis relative to partfive ofthe study is thatthere 

is no relationship betweenfunctional balance performance,falls and fearof 

falling among diabetics. 
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CHAPTERm:METHODS 

A. Participants 

Forty-two volunteer participants represented three groups(n=14per 

group). Group 1 had diabetes mellitus and significant neuropathy(DM-NP); 

group2had diabetes mellitus and no significant neuropathy(DM);and group3 

had neither diabetes mellitus nor neuropathy(control). Diabetic participants 

were recruited from Chattanooga area physician offices and clinics specialized 

in treating diabetes. An established diagnosis ofdiabetes and indication of 

ongoing medical supervision wasrequired for diabetic participants. Participants 

inthe non-diabetic,non-neuropathic control group wererecruited through 

advertising. All participants were evaluated in one ofthe Chattanooga area 

facilities approved forthe study:arehabilitation hospital,a diabetes clinic and a 

regional medicalcenter. All participants signed aninformed consent statement 

priorto participation. 

B. Criteriafor inclusion and exclnsion 

Vibratory perception threshold(VPT)wasassessed on each participant. 

The VPT wastested with the Bio-thesiometer(Bio-MedicalInstrument Co., 

Newbury,OH),afixed frequency variable amplitude vibrometer. The 

vibrometerinstrumentis a hand held unit consisting ofa plastic post, 1.5 cm in 
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diameter,protruding from atransducer providing a constant vibratory stimulus 

at an amplitude directly proportionalto the square ofthe applied voltage.The 

maximal applied voltage is50 volts. The voltage(and subsequent amplitude of 

vibration)is adjusted manually.Tofamiliarize participants with the vibration 

sensation,vibration amplitude wasincreased to a suprasensory levelthatthe 

subject could easily detect. The VPT was determined onthe greattoe bythe 

following protocol: vibration amplitude wasincreased fromzero until the 

subject reportedfeeling the vibration sensation. The average ofthree readings 

wasrecorded. The procedure wasrepeated onthe opposite greattoe. The 

participant was determined to have a vibratory perception deficit whenthe VPT 

equaled or exceeded the age-adjusted normal VPT values published byBloom, 

Till, Sonksen,and Smith(1984).[The upperlimit ofnormal vibration threshold 

was defined byBloom et al. asthe mean+2SD ofVPTin healthy subjectsfor 

each decade ofage]. 

The Semmes-Weinstein nylon monofilament(SWM),fabricated as a set 

of20 monofilaments(NorthcoastMedical,San Jose,CA),wasused to 

determine touch-pressure sensationthreshold(TPST). EachSWM is assigned a 

number(ranging from 1.65-6.65)representing the log of10timesthe bending 

force in grams. EBgher numbers represent greater bending force;thusthe higher 

the number ofSWMdetermined asthe threshold fortouch-pressure sensation, 

the worsethe neuropathy.The greattoe wastested on each foot. TheSWM was 
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pressed perpendiculartothe skin surface with enough pressure to bend the 

nylon portion.The TPST was determined bythefollowing protocol;the 

participantresponded"y^s"eachtime application ofaSWMwassensed atthe 

greattoe. Fiveto 10trials were given with the SWM. The participant was 

required to respond correctly to80%ofthe trials to receive a givenSWMrating. 

Ifthe subjectfailed to respond correctlyto80%ofthetrials,testing proceeded 

tothe next highestlevelSWM. The TPSTwas determined asthe lowest 

numberedSWM perceived with80%accuracy. 

Exclusion criteria wereemployed to controlfor possible effects other 

than diabetes and diabetic neuropathy on dynamic stability(adapted from 

Simoneau et al., 1994). Participants completed a questionnaire and were 

observed ortested clinically to determine whether criteria were met. Criteria are 

listed below. 

1. Regularuse ofmedications likely to impact stability(cardiac 

medications were allowed). 

2 Orthostatic hypotension,(defined asa drop in SBP afrer 

participant moved from sit to stand; blood pressure measured 

after5 minutes ofsitting and after2minutes ofstanding). 

3. Reportor clinical evidence ofcentral or peripheral neurological 

dysfunction(otherthan peripheral neuropathy attributed to 

diabetes). 
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4. Repoitofconsumption ofalcohol within8 hours priorto 

testing. 

5. Evidence ofvestibular dysfunction. 

6. Clinically apparentorreported evidence ofmusculoskeletal 

dysfunction, previous illness or surgery,or anylower extremity 

abnormality considered bythe investigator aslikely to impact 

postural stability. 

7. A visual acuity<20/100,loss ofbinocular vision, orthe presence 

ofdouble vision led to exclusion. 

8. Reportofsymptoms consistent with exercise induced intermittent 

claudication. 

9. Cognitive dysfunction likely to impact stability. 

The vestibular system wasevaluated using the"visual acuity during head 

shaking test"(Sharpe,1994)in whichthe participant read a Snellen chart with 

the head stationary and again while shaking the head from side to side. In 

persons with no vestibular deficit, visual acuity isthe same during head static 

and head shaking conditions. Subjects exhibiting abnormalfindings were 

excluded from the study. Participants were screened for apparent deformities, 

arthritic conditions causing pain and difficulty walking or standing,and history 

ofmajor surgical procedures,major fractures,or other musculoskeletal problems 

likely to affect mobility and postural stability. Muscle strength ofknee 
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extensors,kneeflexors,ankle plantarflexors,ankle dorsiflexors,and toe 

flexors wasdetermined using standard manual muscle testing techniques(Elislop 

&Montgomery,1995). Rangeofmotion(ROM)wasdetermined atthe hip, 

knee,ankle and first metatarsal head using standard goniometrictechniques 

(Norkin&White,1995). Significant weaknessoflower extremity musculature, 

defined asa manual muscle test gradeoflessthan3+or significant limitation in 

ROM preventing ease in rising from a chair and stepping on a stoolled to 

exclusion. Vision wastested using a Snellen eye chart. Participants were 

allowed to wear corrective lenses during testing.Diabetic retinopathy wasnot 

necessarily a reasonfor exclusion. TheMiniMental StateExam(MMSE)was 

used to assess cognitive performancethrough evaluation ofpatient performance 

in an oral component(with a maximalscore of21 points)and atask component 

(with a maximum score of9points). TheMMSEhas demonstrated good test 

retest reliability(r=.89),interrater reliability(r=.83),and predictive validity 

(Folstein,Folstein,&McHugh,1975). Folstein et al.(1975)reported thata 

score of<20wasfound only in persons with delirium or dementia.Inthe 

current study, participants were excluded whenMMSEscores were<20. 
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C. Falls and fear offalling 

Participants provided a self-reportoffall and balance history. Afall 

was defined as an unintentional changein body posturethatresulted in the 

person being on alower level. Participants were required to recountthe 

circumstances ofeachfall included in the analysis. Priorto testing for dynamic 

balance,participants completed a questionnaire onfear offalling. Participants 

were asked the question"Are you afraid offalling?" and chose amongthe 

responses(1)not at all afraid(2)somewhat afraid(3)very afraid. 

Participants completed the Modified Falls Efficacy Scale(MFES),a 14 

item questionnaire scored on a 10 point visual analogue scale. TheMFES is a 

measure ofself-perceived fear offalling in which higher scores reflect more 

confidence and lessfear offalling. TheMFES assesses confidence while 

performing activities ofdaily living,such as dressing,bathing, walking, 

reaching,shopping and gardening. See Appendix2for a detailed description of 

MFES items. The reliability and validity oftheMFES hasbeen demonstrated 

in a study ofcommunity dwelling elderly. In a study ofcommunity dwelling 

elderly,the test-retest reliability oftheMFES washigh(ICC=0.93)and each 

item ofthe test differentiated between non-fallers and persons with balance and 

mobility dysfunction(Hill, Schwarz,Kalogeropolous,&Gibson,1996). 
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D. Dynamicstability testing 

The dynamic stability ofeach eligible participant wastested using the 

BBS and theTUGtests. The ordering ofdynamic stability tests wasrandomly 

assigned. All measurements were collected during a single session. A 10 

minute rest period wasallowed between tests. Participants wore comfortable 

walking shoesforthe tests. 

TheBBS is afunctional assessmentofbalance performance consisting of 

14items rated on a5 point ordinal scale(0-4)with a maximum score of56. See 

Appendix3for a detailed description oftestitems. The estimated timeto 

complete and scoretheBBS is 15-20 minutes(Lewis&McNemey,1997). 

TheTUGis a record ofthetime required forthe subjectto rise from a 

standard chair,walk3 metersto aline onthe floor,turn,walk backtothe chair, 

and sit down again(Podsiadlo&Richardson, 1991). The estimated timeto 

complete thetestis5 minutes. 
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CHAPTERIV:RESULTS 

A. General 

1. Statistics used 

The SPSS statistical software package(Version 9.0, Chicago,Illinois) 

wasused for data analysis. Statistical differences were tested atthe 0.05 

significance level and all tests weretwo-tailed. Comparisons among groups, 

betweenthetwo diabetic groups and between neuropathic participants(DM-

NPs)and non-neuropathic participants(DMsand controls)were conducted. 

Parametric multiple comparisons were analyzed by the Tukey's b test. 

Nonparametric multiple comparisons were analyzed byMann WhitneyUtest at 

the significance level of0.05 divided bythe number ofcomparisons. Additional 

statistical procedures included Spearman'srank ordertechnique,chi-square and 

Fisher's exacttest. The strength ofcorrelation coefficients wasinterpreted by 

guidelines presented inLevin and Fox(1994): ±0.6=strong;±0.3=moderate; 

±0.l=weak. Partial correlation analysis was calculated with Kendall's tau b as 

described by Seigel& Castellan(1988). 

2. Choice ofstatistical tests 

There is considerable controversy among researchers regarding the 

employmentofparametric and nonparametric analytical procedures,particularly 
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in analyzing ordinal level data and smallsample sizes. The debate apparently 

stemsfrom disagreements regarding guidelines by Stevens(1946)forthe use of 

parametric tests with at least intervallevel data and nonparametric statistics for 

ordinal level data. 

Those in opposition to the guidelines pointto simulation datain support 

oftheir position, stating that parametric tests,such asthe ANOVAand t-test, 

can withstand violations ofthe assumptionsofnormality and homogeneity of 

variance sacrificing little power(Armstrong, 1981),especially ifsample sizes 

are large and equal among groups(Glass, 1972,Gaito, 1959).Some simulation 

studies indicate valid use ofparametric statistics even with samples as small as 

six, aslong asthe deviation from normality is nottoo great(Boneau, 1962). In 

some cases ofextreme non-normality,the investigator mayreasonably apply 

lower significance levels ortransform the datato reduce non-normality and 

heterogeneity ofvariance(Gaito,1959). Gaito(1960)suggeststhatin cases ofa 

small effectofassumption violations, parametrictechniques may be used with 

allowancesforthe violations in the interpretation ofresults. Some researchers 

question the constitution ofordinal and interval kvel data;differentiating 

betweenthetwois notalways an easy task,assome scalesfall somewhere 

between(Gardner, 1975;Gaito, 1960)and may betreated validly as interval 

data(Gardner, 1975). Other researchers argue that ordinal data contains 

information that may be lostin nonparametric analysis(Armstrong,1981). 
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Thosein supportofthe guidelines relate argumentsto assumptions 

underlying parametric tests,to include normality and homogeneity ofvariance 

(Siegel&Castellan, 1988,Blair 1981). The powerofparametric over 

nonparametric tests is evidenced when parametric assumptions are met,butmay 

demonstrate less power under assumption violations(Harwell,1988;Blair& 

Higgins, 1980,Blair, 1981). Simulation studies have demonstrated a modest 

power advantage ofthe paired samplesttest overthe Wilcoxon Signed-Ranks 

testfor samples sizes of10,25,and 50underthe condition ofanormal 

distribution. However,under various conditions ofnon-normal population 

shapes,the nonparametric test was more often the more powerfultest, and often 

drastically so(Blair&Higgins, 1985). Itis concluded by somethat,under 

conditions ofnon-normality,nonparametric tests are generally more powerful 

and should be strongly considered especially under conditions ofsmall and 

unequalsample sizes(Harwell, 1988). Researchers are cautioned regarding 

generalization ofrobustness studies beyond the conditions actually reported as 

capable ofwithstanding assumption violations(Bradley, 1968). 

In addition to considering data distribution and level ofmeasurement, 

Harwell(1988)and Knapp(1990)recommend using the statistic having more 

meaning when interpreted. In some cases, it may make more sense to discuss 

the median orrank-order ratherthan the mean. 
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In conclusion,the literature indicatesthat parametrictests generally 

exerta power advantage(i.e. are ableto correctly rejecta null hypothesis)when 

the assumptions underlying the test are met.Though some parametric 

procedures appear capable ofwithstanding assumption violations,there is no 

agreementamong researchers onthe conditions constituting invalid use ofsome 

parametric tests(Siegel&Castellan, 1988;Armstrong,1981;Knapp,1990).The 

most critical issue is the ability ofdatato meetthe requirements ofthe test;the 

level ofmeasurementshould notbethe sole factor(Pett, 1997;Knapp,1990; 

Armstrong, 1981,Harwell, 1988). However,there is little agreementregarding 

the minimal testrequirements. 

In this study,careful statistical and non-statistical observations were 

conducted onthe ability ofthe datato meettest assumptions. Statistical 

measuresincluded skewness coefficient calculation and testsofnormality and 

homogeneity ofvariance. Non-statistical considerations included examination 

ofsample size and equality among groups,level ofmeasurementand visual 

observation ofthe normality distribution.Parametric tests were considered the 

statistical procedure ofchoice whenthe underlying assumptionsofnormality 

and homogeneity ofvariance were reasonably met.Nonparametric tests were 

preferred for all other analyses. 

The distributions ofthe dependentvariables were examined for all 

participants and by subgroups.Assome researchers consider visual inspection a 
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necessary and critical activity in normality analysis(Blair, 1981;Harwell, 

1988;Pett 1997),particular attention wasgivento visual analysis. Visual 

observation included comparison ofthe shape ofeach distributionto the normal 

distribution and inspection ofboxplots,normal probability plots and detrended 

probability plots. TheFisher skewness coefficient and statistical tests of 

normality(Kolmogorov-Smimov Lilliefors test and Shapiro-Wilks test)were 

calculated for each dependent variable. The null hypothesis ofnormal 

distribution ofscores onthe dependentvariable wasrejected when a preliminary 

determination ofskewnesson visualinspection wasconfirmed statistically by 

both ofthefollowing conditions:(1)significance onFisher skewness 

coefficient, with significance defined as±_1.96(Pett,1997)(2)significance on 

the both statistical tests ofnormality atthe.05 significance level. The effectof 

transformations onthe data wasinvestigated for skewed distributions using the 

same criteria. An additional requirementfor strength andROM wasthat data on 

the majority ofmuscle groups andjoint motions meetcriteria in orderforthe 

nullto be rejected regarding these variables. 

Homogeneity ofvariance wasevaluated by comparing variances among 

groups and bytheLevene test ofhomogeneity ofvariance. The null hypothesis 

ofequal variances among groups wasrejected ifboth ofthefollowing 

conditions were met:(1)the variance ofone group was morethantwice thatof 

another(2)theLevene testwassignificant. An additional requirementfor 
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Strength andROM wasthat dataonthe majority ofmuscle groups andjoint 

motions meet criteria in orderforthe nullto be rejected onthese variables. 

The variablesfor age,duration ofdiabetes,BMI,VPT,age-standardized 

VPT scores(AS-VPT),BBS,TUG,falls,MMSE,fearoffalling, strength and 

ROMwere evaluated according tothe criteria adopted bythe author. The null 

hypothesis ofnormality was notrejected forthe dependent variables ofage, 

duration ofdiabetes,AS-VPT,ROMandBMI. The null hypothesis of 

homogeneity ofvariance was notrejected onthe dependentvariables ofage, 

duration ofdiabetes,AS-VPT,ROM,BMI,BBS and TUG. 

The null hypothesesfor normality and homogeneity ofvariance were 

accepted onthe variables ofage,duration ofdiabetes,AS-VPT,and BMI. The 

offscale measures obtained for3 subjects on VPT scores(>50volts)and for2 

subjectsforSWMscore(>6.65)rendered the median scoreforthe variables of 

VPT,AS-VPT andSWMthe preferred measure ofcentral tendency. Giventhe 

small sample size and inability ofthe majority ofdependent variable 

distributionsto meet parametric test assumptions,the author considered 

nonparametric statistical procedures most appropriateforthis study. However, 

forthe purpose ofcomparisonto previously published studies,some parametric 

statistical procedures were performed. Although the primary interest ofthis 

study concerns diabetics, relationships among all participants and within groups 

are reported. 
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3. GeneralParticipant Characteristics 

Sixty-one persons were initially screened forinclusion inthe study. 

Fifty-four ofthe screened persons were tested. Twelve ofthe tested participants 

were excluded fi-om the studyforthefollowing reasons:responded 

inconsistently to questions(N=3),exhibited profound visual deficit(N=l), 

reported recenteye surgery(N=l),reported previous back surgery(N=l), 

reported previouslower extremity musculoskeletal surgery or condition 

considered by authorto befunction-limiting(N=S),reported recentundiagnosed 

knee injury(N=l). Ofthe remaining forty-two study participants,28 were 

diabetic and 14 were non-diabetic and non-neuropathic. Diabetic participants 

with AS-VPT scores> 1.96 were placed intheDM-NP group(N=14). All 

diabetics with AS-VPT scores< 1.96 were placed into theDMgroup(N=14). 

The participants with no known diabetes were placed in the control group 

(N=14). All membersofthe controlgroup demonstrated AS-VPT scores< 1.96. 

The meansand standard deviationsfor groupson age were asfollows: 

DM-ISIP=49.6(±11.7);DM=53.6(±10.5);control=51.1(±9.5). The means 

and standard deviations ofgroupsonBMIwere asfollows:DM-NP=29.3 

(±6.7);DM=33.2(±6.4);control=28.5(±5.8). Aone way ANOVAand 

Kruskal Wallis one way ANOVAdemonstrated no significant differences 

among groupson the physical characteristics ofage(F=.525,p=.596;jc^=1.099, 

p=.577)andBMI(F=2.253,p=.119;x^=4.512,p=.105). 
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The maletofemale ratio in each group wasasfollows:DM-NP=4:10; 

DM=4:10;control=3:11.The ratio ofType 1 to Type2diabetes in theDM-

NP andDMgroups were 3:11 and 2:12,respectively. The means and standard 

deviationsfor duration ofdiabetes were 15.9(±10.0)in theDM-NP and 8.6 

(±6.5)in theDMgroup. The median scorefor duration ofdiabetes intheDM-

NP andDMgroups were 17and 8 years,respectively. The results ofan 

independentsamplesttest and Mann WhitneyUdemonstrated a significant 

difference between thetwo diabetic groupson duration ofdiabetes(t=-2.309, 

p=.029;z=-2.049,p=.041). 

The median score ontheMMSEfor all participants was28. The median 

score within theDM-NP,DMand control group was28,28 and 29, 

respectively. The average absolute deviation from median scoresfortheDM-

NP,DM,and control groups were0.86, 1.5,and 0.71,respectively. TheKruskal 

Wallis one way ANOVAdemonstrated a significant difference(jii:^=9.516, 

p=.009)among groupsonMMSEscores. TheMann-WhitneyUtest 

demonstrated a significant difference(p=.003)betweentheDMand control 

groupsonMMSEscores and no significant differences(p>.0167)for other 

group comparisons. See Appendix4for asummary table ofparticipant 

characteristics. 
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4. Specific participant characteristics 

ROM 

With all cases analyzed,a dependentsamplesttest and Wilcoxon Signed 

Rankstest demonstrated significant differences inROMbetweenthe right and 

left sides on hip flexion(t=-2.147,p=038;z=-2.092,p=.036),kneeflexion(t= 

-2.827,p=.007;z=-2.435,p=.015)and ankle dorsiflexion(t=-2.213,p=.033; 

z=-2.066,p=.039),butnotfust metatarsal extension(t=.703,p=.486). Among 

diabetics,there wasa significant difference betweenthe right and left sidesfor 

kneeflexion(t=-3.598,p=.001;z=-3.053,p=.002),butno significant difference 

betweenthe right and left sidesfor hip flexion(t-1.92,p=.065;zr=-1.815,p=.07), 

ankle dorsiflexion(t=-1.77,p=087;r=-1.815,p=.07)and metatarsal extension 

(t=.812,p=.424;z=-.808,p=.419). With each group analyzed individually, only 

theDMgroup demonstrated a significant difference inROMbetween right and 

left sides;the significant difference wasin knee flexion(t=-3.434,p=.004;2^ 

2.27,p=.007). 

The one way ANOVAand Tukey's b test demonstrated greater left hip 

flexion in controls thanDM-NPs,whereastheKruskai Wallis one wayANOVA 

demonstrated no significant difference among groupsfor left hip flexion. The 

result ofTukey'sb indicated greater right and left kneeflexion in controls than 

DM-NPsandDMsand greater left metatarsal extension in controlsthanDMs. 

There were no significant differences in other group comparisons. The Mann 
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WhitneyUindicated greaterright kneeflexion in controlsthanDM-NPsand 

DMs,and greater left kneeflexion and left metatarsal extension in controlsthan 

DMs. See Appendix5for specific statistical test values and Appendix6for a 

summarytable ofROM measurementsfor each group and significant 

differences among groups. 

Strength 

When analyzed among all participants,the result ofthe Wilcoxon 

Matched Pairs Signed-Ranks testindicated no significant differences in strength 

grades as determined by manual muscle testing between right and left sides 

(knee extension=-.577,p=.564;plantarflexionz=-.577,p=.564;dorsiflexionz 

=-1.0,p=.317;toeflexionz=-1.0,p=.317;toe extensionz=-.00,p=1.0). 

Among diabetics,the resultofthe Wilcoxon Matched Pairs Signed-Ranks test 

indicated no significant differences in strength grades between right and left 

sides(knee extension=-.577, p=.564; plantarflexionz=-.00, p=1.0; 

dorsiflexionz=-1.0, p=.317;toeflexionz=-1.0,p=.317;toe extensionz=-.00, 

p=1.0). 

The result ofthe Kruskal Wallis one way ANOVAand Mann WhitneyU 

multiple comparison procedure indicated greater strength among controlsthan 

DM-NPson right and left ankle plantarflexion,toeflexion and toe extension. 

There were no significant differences betweentheDM-NPsandDMsand 

betweenDMsand controls on strength grades. See Appendix5for specific 
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statisticaltest values and Appendix7forasummarytable ofstrength data 

among groups. 

Vibration scores andSWMscores 

The results ofthe dependentsamplesttest and Wilcoxon Signed Ranks 

test demonstrated no significant difference betweenthe VPT scores ofthe right 

and leftfeet when analyzed among all participants(t=-1.649,p=.107;z=-1.711, 

p=.087)and among diabetics(t=-1.404,p=.172;z=-1.618,p= 106). Therefore, 

the VPT valuesforthe right and leftfoot were averaged for each subject, 

representing a single VPT score. Each VPTscore(volts)waslogio transformed 

and expressed asthe standard deviationftomthe age-related mean relative to 

normal values published byBloom et al.(1985),thus yielding the AS-VPT 

score. 

The results ofthe dependentsamplesttest and Wilcoxon Signed Ranks 

test demonstrated no significant difference inSWM scores betweenthe right and 

leftfeet when analyzed among all participants(t=-.459,p=.649;z=-.330, 

p=.742)and when analyzed among diabetics(t=-.599,p=.554;z=-.501,p=.616). 

Therefore,theSWM valuesforthe right and leftfoot were averaged for each 

participant,representing a singleSWMscore. There wasa significant 

correlation betweentheSWMand VPT measures(rho=.71,p=.00),betweenthe 

SWMand AS-VPT measures(rho=.70,p=.00)and between VPT and AS-VPT 

measures(rho=.93,p=.00). 
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The mean(standard deviation)for VPT was40.43(+10.62)intheDM-

NP group,17.0(±6.82)intheDMgroup,and 11.93(±4.8)in the control group. 

The median(average absolute deviation from the median)for VPTin each 

group wasasfollows:DM-NP=44.5(8.07);DM=16.25(5.64);control= 

10.75(3.36). The mean(standard deviation)for AS-VPT was2.82(±.57)inthe 

DM-NP group,0.48(±.72)intheDMgroup,and -0.29(±.82)inthe control 

group. The median(average absolute deviation fromthe median):for AS-VPT 

in each group wasasfollows:DM-NP=2.8(.48);DM=.445'(.50);-control=-

0.29(.59). 

The results ofa one way ANOVAand Kruskal Wallis one-way ANOVA 

demonstrated significant differences on VPT,AS-VPTand SWMamong 

groups.The results ofthe Tukey'sB and MannWhitneyUindicated 

significantly greater VPT scoresin theDM-NPsthantheDMsarid controls and 

no significant difference in VPT scores betweentheDMsaiSc^coritrbls. The 

results ofthe Tukey'sB and Mann WhitneyUindicated sigMificant4ifferences 

among allgroupson AS-VPT(DM-NPs>DMs> controls)?4V posrihoc analysis 

utilizing the average difference in mean rank(ADMR)procedure described by 

Siegel and Catellan(1988)demonstrated asignificant difference iri AS-VPT 

scores betweentheDM-NP and controlgroup and betweentheDM-NP andDM 

group,butno difference betweentheDMand control groups. The calculated 

ADMRfor a3group comparison ofthe group size utilized in this study must 



38 

exceed 11.1 for significance. The calculated ADMRbetweentheDM-NP and 

DMgroup,betweentheDM-NP and controlgroup and betweentheDMand 

control group was 17.04,24.96 and 7.92,respectively. The resultsofthe 

Tukey'sB and Mann WhitneyUindicated significantly greaterSWMscores 

amongDM-NPsthanDMsand controland no significant difference between 

DMsand controls. See Appendix5for specific statistical test values. 

There wasa no relationship between age and VPT among all participants 

(rho=.26,p=.097)and among diabetic participants(rho=.20,p=.299). There 

wasa significant positive relationship between age and VPT scores withinthe 

DM-NP(rho=.54,p=.047)andDMgroup(rho=.70,p=.006),but notwithin the 

controlgroup(rho=.50,p=.067). There wasno relationship between AS-VPT 

and age among all participants(rho=-.07,p=.649),among diabetic participants 

(rho=-.17,p=.380)and within groups[(DM-NP rho=-.29,p=.314);(DM 

rho=.35,p=.215);(controlrho=-.06,p=.852)]. 

There wasno significant relationship between duration ofdiabetes and 

VPT scores among diabetics(rho=.34,p=.076),within theDM-NP group 

(rho=.36,p=.201)and within theDMgroup(rho=-.12,p=.677). There wasno 

significant relationship between duration ofdiabetes and VPT scores with age 

held constant when analyzed among diabetics(T=.224;p>.05),within theDM-

NP group(T=.354,p>.05)and withintheDMgroup(T—.183,p>.05). 

https://rho=-.12
https://rho=-.06
https://rho=-.29
https://rho=-.17
https://rho=-.07
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There wasa significant relationship between duration ofdiabetes and 

AS-VPT among diabetics(rho=.42,p=.027),but no significant relationship 

within theDM-NP group(rho=.50,p=.070)andDMgroup(rho=-.20,p=.499). 

There wasa significant relationship between duration ofdiabetes and AS-VPT 

with age held constant when analyzed among diabetics(T=.28,p<.05),butnot 

within theDM-ISIP group(T=.34,p>.05)and within theDMgroup(T=-.20, 

p>.05). 

There wasa significant negative relationship between VPT and strength 

ofthe plantarflexors when analyzed among all participants[right plantarflexors 

(rho=-.56,p=00);left plantarflexors(rho=-.55,p=.00)]and among diabetics 

[right plantarflexors(rho=-.44,p=.018);left plantarflexors(rho=-.39,p=.04)]. 

There wasa significant relationship between AS-VPT and strength ofthe 

plantarflexors when analyzed among all participants[right plantarflexors(rho=-

.46,p=.002);left plantarflexors(rho=-.47,p=.002)]. Among diabetics,there 

wasa significant negative relationship between AS-VPT and strength ofthe 

right plantarflexors(rho=-.39,p=041),butnotthe left plantarflexors(rho=-.33, 

p=.085). 

Among all participants,there wasa significant relationship between VPT 

and strength ofthe right dorsiflexors(rho=-.33,p=.038),butnotthe left 

dorsiflexors(rho=-.22,p=.161). Among diabetics,there wasno significant 

relationship between VPT and strength ofthe dorsiflexors[right dorsiflexors 

https://rho=-.22
https://rho=-.33
https://rho=-.33
https://rho=-.39
https://rho=-.47
https://rho=-.39
https://rho=-.44
https://rho=-.55
https://rho=-.56
https://rho=-.20
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(rho=-.27,p= 165);left dorsiflexors(rho=-.13,p=.517)]. There wasno 

significant relationship between AS-VPT and strength ofthe dorsiflexors when 

analyzed among all participants[right dorsiflexors(rho=-30,p=.051);left 

dorsiflexors(rho=-.20,p=.204)]and among diabetics[right dorsiflexors(rho=-

.27,p=.166);left dorsiflexors(rho=-.12,p=.552)]. See Appendix4for a 

summarytable on vibration andSWMscores. See Appendix5for specific 

statistical test values. 

Clinical dynamic balance measures 

The relationship betweenTUGandBBS score wasexamined among all 

participants and among diabetics. There wasa significant negative relationship 

betweentheTUGscore andBBS score among all participants(rho=-.71,p=.00) 

and among diabetics(rho=-.78,p=.00). 

B. Results relative to partone ofthe study: 

Relationship between diabetic neuropathy and functional balance 

performance among groups 

1. Performance on TUG 

TUGscore descrintives 

The mean(standard deviation)ofTUGscores within groups was as 

follows:DM-NP=8.03(±2.09);DM=6.89(±1.6);control=6.21(±1.22). The 

https://rho=-.78
https://rho=-.71
https://rho=-.20
https://rho=-.13
https://rho=-.27
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median(average absolute deviation from the median)for performance onthe 

TUGwithin groups wasasfollows;DM-NP=7.69(1.55);DM=6.28(1.25); 

control=5.6(.91). 

TUGscores and neuropathy 

The result ofa one way ANOVAand Kruskal Wallis one way ANOVA 

indicated a significant difference among groupson performance onthe TUG 

(F=4.228,p=.022;jc^=6.515, p=.038). The Tukey'sB and Mann WhitneyU 

indicated theDM-NP group was significantly slowerthan the control group,but 

there was no significant difference in performance onTUGbetweentheDM-NP 

andDMgroup and between the DMand control group. The results ofthe 

independentttest and Mann WhitneyUindicated diabetics were significantly 

-;Slower than controlssandi^neuropathic participants were significantly slowerthan 

non-neuropathic participants. See Appendix5for specific statistical test values. 

See Appendix8for asummary table ofperformance on balance tests and 

Appendix9for a graphicalrepresentation ofbalance test results. 

2. Performance onBBS 

BBSscores among groups 

The median score(range)ontotalBBS was51(46-56)fortheDM-NP 

group and 56(46-56)fortheDMgroup. All participants in the control group 

scored a 56,the highest possible,ontheBBS. The absolute deviation from the 
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median scorefortheDM-NP,DMand control groups were 3.14,1.86 and 0, 

respectively. The number oftied scoresontheBBSintheDM-NP group was as 

follows;BBS=50(N=3),BBS=56(N=2).The numberoftied scoresin the 

DMgroup wasasfollows:BBS=52(N=3),BBS=56(N=8). 

BBSscores and neuropathy 

TheKruskal Wallis one way ANOVAofranks revealed a statistically 

significant difference among groupsontotalBBS score(x^=19.09; p=.00). 

Results ofthe Mann WhitneyUindicated significantly lower scores amongDM-

NPsthan controls and amongDMsthan controls,butno significant difference in 

scores betweenDM-NPsandDMs. Results ofthe MannWhitneyUindicated 

significantly lower scores among diabeticsthan controls and among neuropathic 

participantsthan non-neuropathic participants. See Appendix5for specific 

statistical test values. 

BBSitems 

Participants in all groups scored a4,the highest score possible,onitems 

1-5,7,10and 11;thus items 1-5,7,10and 11 were excluded fromthe analysis. 

The control group scored a4on all 14itemsoftheBBSinstrument. See 

Appendix 10for specificBBSitem data. 

Analysis ofthe correlation betweenBBS items6,8,9,12,13,and 14 

and totalBBS score indicated thatBBSitem8(rho=.69),item 12(rho=.58), 

item 13(rho=.82)and item 14(rho=.93)were significantly correlated(p=.00) 

https://3.14,1.86
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with totalBBS score among diabetics, whereasitem6(rho=.19,p=.297)and 

item9(rho=.07,p=.695)were not significantly correlated. 

BBSitems and neuropathy 

TheKruskal Wallis one way ANOVAonBBSitems6,8,9and 12-14 

indicated significant differences among groupsin scoringBBS item8(jc^=6.359, 

p=.042),item 13(jf^=8.819,p=.012)and item 14(jc^=18.491, p=.00). Onitem 8, 

the results ofMann WhitneyUindicated significantly lower scores amongDM-

NPsthan controls,butno significant difference in scores betweentheDM-NP 

andDMgroup and betweentheDMand control group. Onitem 13,the results 

ofMannWhitneyUindicated significantly lower scores amongDM-NPsthan 

controls and amongDMsthan controls,but no difference in scores between 

:^;^;~^M-Ji?srMd'®Mfc-,#n::itemAfb^re^^ indipated 

significantly lower scores amongDM-NPsthanDMsand controls and 

significantly lower scores amongDMsthan controls. The diabetics scored 

significantly lowerthan controls onBBS items 8, 12,13 and 14. The 

neuropathic participants scored significantly lowerthan non-neuropathic 

participants onBBSitems 8,13 and 14,but notitem 12. See Appendix5for 

specific statistical test values. See Appendix8for asummarytable ofBBS data 

and Appendix9for a graphical representation ofbalance test results. 
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C. Results relative to parttwo ofthestudy: 

Relationship between vibration scores and functional balance 

performance among diabetics 

1. Performance on TUG 

TUGand vibration scores 

There wasno relationship betweenTUGscores and VPT scores among 

diabetics(rho=.34,p=.073)and within groups[DM-NP(rho=-.16,p=.582);DM 

(rho=.33,p=.257)]. There wasno relationship betweenTUGscores and AS-

VPT scores among diabetics(rho=.26,p=.178)and within groups[DM-NP 

(rho=-.27, p=.436);DM(rho=.28,p=.333)]. 

TUGand duration ofdiabetes 

There wasa significant negative relationship betweenTUGand duration 

ofdiabetes when analyzed within theDM-NP group(rho=-.60,p=.022). There 

wasno significant relationship betweenTUGand duration ofdiabetes when 

analyzed within theDMgroup(rho=-.19,p=521)and among diabetics(rho=-

.26,p=180). 

TUGand strength 

There wasa significant negative relationship betweenTUGscores and 

strength ofthe plantarflexors among diabetics[right plantarflexors(rho=-.60, 

p=.001);left plantarflexors(rho=-.68,p=.00]and withintheDMgroup[right 

https://rho=-.68
https://rho=-.60
https://rho=-.19
https://rho=-.60
https://rho=-.27
https://rho=-.16
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plantarflexors(rho=-.83,p=.00);left plantarflexors(rho=-.84,p=.00),but not 

within theDM-NP group[right plantarflexors(rho=-.30,p=.30);left 

plantarflexors(rho=-.45,p=.111). 

There wasa significant negative relationship betweenTUGscores and 

strength ofthe dorsiflexors among diabetics[right dorsiflexors(rho=-.50, 

p=.007);left dorsiflexors(rho=-.47,p=.013)],butnotwithin the DM-ISIP group 

[right and left dorsiflexors(rho=-.39,p=.165)and theDMgroup[right 

dorsiflexors(rho=-.46, p=.101);left dorsiflexors(rho=-.45, p=.103)]. See 

Appendix 11 for asummary table ofcorrelations among diabetics. 

TUG,age and vibration scores 

There was no significant relationship betweenTUGand age among 

--diabetics^Ap^.36i-p5?=.06)andwithin groups[(DM-^^ 

(rho=.48,p=.086)]. There was no significant relationship betweenTUGand age 

with VPT held constant when analyzed among diabetics(T=22,p>.05)and 

within groups pM-NP(T=.33);DM(T=.29)]. There wasa significant 

relationship betweenTUGand age with AS-VPT held constant among diabetics 

(T=.30,p<.05),but notwithin groupsPM-NP(T=.35,p>.05);DM(T=.34, 

p>.05]. 

There was no relationship betweenTUGscores and VPT with age held 

constant when analyzed among diabetics(T=.15,p>.05)and within groups 

pM-NP(T=-.38);DM(T=.05)]. There wasno relationship betweenTUGand 

https://diabetics^Ap^.36i-p5?=.06
https://rho=-.45
https://rho=-.46
https://rho=-.39
https://rho=-.47
https://rho=-.50
https://rho=-.45
https://rho=-.30
https://rho=-.84
https://rho=-.83
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AS-VPT with age held constantwhen analyzed among diabetics(T=.19, 

p>.05)and within groups[(DM-NP(T=-.13);DM(T=.19)]. See Appendix 12 

for asummarytable ofpartial correlations among diabetics. 

2. Performance on BBS 

BBSand vibration scores 

There wasa significant negative relationship betweenBBS and VPT 

scores among diabetics(rho=-.64,p=.00)and within theDMgroup(rho=-.72, 

p=.004),but not withintheDM-NP group(rho=-.16,p=.575).There wasa 

statistically significant negative relationship betweenBBS scores and age in the 

DMgroup(rho=-.64;p=.015),but notamong diabetics(rho=-.29,p= 131)and 

within theDM-NP group(rho=-.05,p=.856).There wasa significant negative 

relationship betweentheBBS score and VPT score with age held constant 

among diabetics(T=-.45,p<.05)and withintheDMgroup(T=-.45,p<.05),but 

notwithin theDM-NP group(T=-.13,p>.05). 

There wasa significant negative relationship betweenBBS and AS-VPT 

scores among diabetics(rho=-.57,p=.002)and within theDMgroup(rho=-.57, 

p=.032),butnot within theDM-NPgroup(rho=-.24,p=.409). There wasa 

significant negative relationship betweentheBBS score and AS-VPT score with 

age held constant among diabetics(T=-.44,p<.05)and within theDMgroup 

(T=-.43,p<.05),butnot within theDM-NP group(T=-.19,p>.05). 

https://rho=-.24
https://rho=-.57
https://rho=-.57
https://rho=-.05
https://rho=-.29
https://rho=-.64
https://rho=-.72
https://rho=-.64
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BBSand strength 

There wasa significant positive relationship betweenBBS scores and 

strength ofthe plantarflexors among diabetics[right plantarflexors(rho=.61, 

p=.001);left plantarflexors(rho=.64,p=.00)]. Within theDMgroup,there was 

a significant positive relationship betweenBBS score and strength ofthe 

plantarflexors[right plantarflexors(rho=.90,p=.00);left plantarflexors(rho=.86, 

p=.00)],butnot within theDM-NP group[right plantarflexors(rho=.19, 

p=.517);left plantarflexors(rho=.34,p=.229)]. 

There wasa significant positive relationship betweenBBS scores and 

strength ofthe dorsiflexors among diabetics[right dorsiflexors(rho=.51, 

p=.005);left dorsiflexors(rho=.39,p=.039)]and within theDMgroupfor right 

dorsiflexors(rho=;62)/ There wasno significant relationship betweenBBS 

scores and strength ofthe right and left dorsiflexors within theDM-NP group 

(rho=.36,p=.211)and betweenBBS scores and left dorsiflexors within theDM 

group(rho=.39,p=.174). See Appendix 11 for asummarytable ofcorrelations 

among diabetics. 

BBS,vibration scores and strength ofplantarflexors 

There wasa significant negative relationship betweenBBS and VPT 

with strength ofthe right plantarflexors held constant among diabetics(T=-.35, 

p<.05),but not within each group[DM-NP(T=-.18,p>.05);DM(T=-.41, 

p>.05)]. There wasa significant negative relationship betweenBBS and VPT 
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with strength ofthe left plantaiflexors held constantamong diabetics(T=-.29, 

p<.05),butnot within each group[DM-NP(T=-.18,p>.05;DMT=-.27,p>.05)]. 

There wasa significant negative relationship betweenBBS and AS-VPT with 

strength ofthe right plantarflexors held constant among diabetics(T=-.32, 

p<.05),but not within each group[DM-NP(T=-.22,p>.05);DM(T=-.21, 

p>.05)]. There wasa significant negative relationship betweenBBS and AS-

VPT with strength ofthe left plantarflexors held constant among diabetics(T=-

.340,p<.05),butnot within each group[DM-NP(T=-.23,p>.05);DM(T=-.31, 

p>.05). See Appendix 12for asummary table ofpartial correlations among 

diabetics. 

BBS,vibration scores and strength ofdorsiflexors 

There wasa significant negative relationship betweenBBS and VPT 

with strength ofthe right dorsiflexors held constantamong diabetics(T=-.42, 

p<.05)and within theDMgroup(T=-.49,p<.05),but not withintheDM-NP 

group(T=-.19, p>.05;). There wasa significant negative relationship between 

BBS and VPT with strength ofthe left dorsiflexors held constant among 

diabetics(T=-.46,p<.05)and within theDMgroup(T=-.58,p<.05),but not 

within theDM-NP group(T=-.19,p>.05).There wasa significant negative 

relationship betweenBBS and AS-VPT with strength ofthe right dorsiflexors 

held constant among diabetics(T=-.49,p<.05),butnotwithin each group[DM-

NP(T=-.16,p>.05);DM(T=-.32,p>.05)]. There wasa significant negative 
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relationship betweenBBS and AS-VPT with strength ofthe left dorsiflexors 

held constant among diabetics(T=-.40,p<.05)and within theDMgroup(T=-

.48,p>.05),butnot within theDM-NP group(T=-.16,p>.05). See Appendix 12 

for asummaryofpartial correlation data among diabetics. 

BBSitems and vibration scores 

There wasa significant negative relationship betweenBBS item8scores 

and VPT among diabetics(rho=-.33,p=.084)and within theDMgroup(rho=-

.56,p=.038),butnot within theDM-NP group(rho=.07,p=.801). There wasno 

significant relationship betweenBBS item 12scores and VPTamong diabetics 

(rho=-.22,p=.27)and within groups[DM-NP(rho=-.01,p=.962);DM(rho=-.36, 

p=.206)]. There wasa significant negative relationship betweenBBSitem 13 

scores and within theDMgroup(rho=-.77,p=.001),butnotamong diabetics 

(rho=-.35,p=.066)and withintheDM-NP group(rho=-.24,p=.402). There was 

a significant relationship betweenBBS item 14 scores and VPT among diabetics 

(rho=-.65,p=.00)and within theDMgroup(rho=-.83,p=.00),butnot withinthe 

DM-NP group(rho=-.24,p=.416). 

There was no significant relationship between item 8 scores and AS-VPT 

scores among diabetics(rho=-.35,p=.066)and within groups[DM-NP(rho=-

.12,p=.659);DM(rho=-.51,p=.065)]. There wasno significant relationship 

betweenBBSitem 12scores and AS-VPT scores among diabetics(rho=-.21, 

p=.293),within theDM-NP group(rho=-.08,p=.779)and within theDMgroup 

https://rho=-.08
https://rho=-.21
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(rho=-.44,p=.117). There wasa significant relationship between item 13 

scores and AS-VPT within theDMgroup(rho=-.55,p=.041),butnotamong 

diabetics(rho=-.35,p=066)and within theDM-NP group(rho=-.33,p=.245). 

There wasa significant relationship between item 14scores and AS-VPT scores 

among diabetics(rho=0.65,p=.00)and within theDMgroup(rho=0.64, 

p=.014),but notwithin theDM-NP group(rho=-.33,p=.255). See Appendix 13 

for asummary ofcorrelations withBBS items among diabetics. 

BBSitems and strength ofthe plantarflexors 

There wasa significant relationship between strength ofthe right 

plantarflexors andBBS item 8 scores within theDMgroup(rho=.57,p=.034), 

but notamong diabetics(rho=.36,p=.058)and within theDM-NP group 

(rho=.12,p=;689). There wasa significant relationship between strength ofthe 

right plantarflexors andBBS item 12scores within theDMgroup(rho=.79, 

p=.005),butnotamong diabetics(rho=.33,p=.091)and within theDM-NP 

group(rho=-.13,p=.658). There wasa significant relationship between strength 

ofthe right plantarflexors and BBS item 13 scores among diabetics(rho=.43, 

p=.024)and within theDMgroup(rho=.70,p=.005),butnot within theDM-NP 

group(rho=.13,p=.651). There wasa significant relationship between strength 

ofthe right plantarflexors andBBSitem 14 scores among diabetics(rho=.51, 

p=.005)and within theDMgroup(rho=.78,p=.001),butnot within theDM-NP 

group(rho=.12,p=.693). 

https://rho=-.13
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There wasa significant relationship between strength ofthe left 

plantarflexors andBBSitem8 scores within theDMgroup(rho=.57,p=.034), 

but notamong diabetics(rho=.36,p=.058)and within theDM-NP group 

(rho=.20,p=.499). There wasa significant relationship between strength ofthe 

left plantarflexors andBBSitem 12scores among diabetics(rho=.40,p=.036) 

and within theDMgroup(rho=.83,p=.00),butnot within theDM-NP group 

(rho=-.07,p=803). There wasa significant relationship between strength ofthe 

left plantarflexors andBBS item 13 scores among diabetics(rho=.43,p=.024) 

and within theDMgroup(rho=.62,p=018),butnot within theDM-NP group 

(rho=.23,p=.436). There wasa significant relationship between strength ofthe 

left plantarflexors andBBS item 14scores among diabetics(rho=.51,p=.005) 

and within theDMgroup(rho=.69,p=006),butnot within theDM-NP group 

(rho=.27,p=.355). See Appendix 13 for asummarytable ofcorrelations with 

BBS items among diabetics. 

BBSitems and strength ofthe dorsiflexors 

There wasa significant relationship between strength ofthe right 

dorsiflexors andBBSitem8 scores among diabetics(rho=.70,p=.00)and within 

theDMgroup(rho=1.0,p=.00),butnot within theDM-NP group(rho=.52, 

p=.057). There wasno significant relationship between strength ofthe right 

dorsiflexors andBBSitem 12scores among diabetics(rho=.32,p=.097),within 

theDM-NP group(rho=.27,p=.349)and within theDMgroup(rho=.35. 

https://rho=-.07
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p=.216). There wasa significant relationship between strength ofthe right 

dorsiflexors andBBSitem 13 scores within theDMgroup(rho=.56,p=.037), 

butnotamong diabetics(rh6=.25,p=.196)and within theDM-NP group(rho=-

.02,p=.943). There wasa significant relationship between strength ofthe right 

dorsifiexors andBBS item 14 scores among diabetics(rho=.52,p=.004)and 

within theDMgroup(rho=.59,p=.025),but not within theDM-NP group 

(rho=.45,p=.109). 

There wasa significant relationship between strength ofthe left 

dorsiflexors andBBS item 8 scores among diabetics(rho=.62,p=.00)and within 

theDMgroup(rho=.78,p=.001),butnot within theDMgroup(rho=.52, 

p=.057). There was no significant relationship between strength ofthe left 

dorsiflexors andBBS item 12scores among diabetics(rho=.26,p=.189),within 

theDM-NP group(rho=.27,p=.349)and within theDMgroup(rho=.21,p=.47). 

There wasno significant relationship between strength ofthe left dorsiflexors 

andBBS item 13 scores among diabetics(rho=.17,p=.386),within theDM-NP 

group(rho=-.02,p=943)and withinDMgroup(rho=.35,p=.216). There wasa 

significant relationship between strength ofthe left dorsiflexors andBBS item 

14 scores among diabetics(rho=.41,p=.031)but not within theDM-NP group 

(rho=.45,p=.109)and within theDMgroup(rho=.38,p=.181). See Appendix 

13for asummary table ofcorrelations between strength andBBS items among 

diabetics. 

https://rho=-.02


53 

BBSitems,vibration and strength ofankle muscles 

With strength ofthe plantaiflexors held constant,there wasa significant 

relationship(p<.05)betweenYPT andBBSitem 13 scores[right(T=-.35);left 

(T=-.37)]and item 14[right(T—.56);left(T=-.57)],butnotitem8scores[right 

(T=-.249);left(T=-.261)]and item 12[right(T=-.136);left(T=-.123). With 

strength ofthe dorsiflexors held constant,there wasa significant relationship 

(p<.05)between VPT andBBSitem8scores[right(T=-.36);left(T=-.45)],item 

13[right(T=-.43);left(T=-.45)]and item 14 scores[right(T=-.64);left(T=-

.66)],butnotitem 12scores[right(T=-.16);left(T=-.21)]. See Appendix 12for 

summary ofpartial correlation data among diabetics. 

D. Results relative to part three ofthe study: 

Relationship between diabetic neuropathy,falls and fear offalling 

among groups 

1. Relationship between diabetic neuropathy and history offalls 

Descriptive data on falls 

Evaluation ofreported fall history revealed an unusually high number of 

falls(n=7and n=12)fortwo participants in theDM-NP group. Data analysis 

revealed theZscores onfalls ofthe participants with7and 12reported falls to 

be 2.7 and 5,respectively. The participants reporting7and 12falls were 
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female and male,respectively. All fall and fear data were analyzed with data 

from participants reporting7and 12falls excluded. Some analyses were 

conducted with falls data collapsed into two groups: high fallers(those whofell 

>twotimes in the past year)and low-fallers(those who reported < 1fall in the 

past year). The high and low falls criteria were chosen as multiple falls may be 

more predictable in identifying falls related to chronic disorders than single falls 

(Nevitt et al., 1989). 

The total number offalls reported among all participants and among 

diabetics was29and 23,respectively. The median scoreforfalls was0in all 

groups and the range offalls was0-5 in theDM-NP group,0-4in theDMgroup 

and 0-2inthe control group. The average number offalls was0.73(+ 1.32) 

amongthe40 participants,0.88(±1.5)among diabetics, 1.0(±1.65)in theDM-

NP group,0.79(±1.48)in theDMgroup and 0.43(±.76)in the control group. 

The percentage ofparticipants reporting>2falls in the past year was33%(4/12) 

in theDM-NP group,21%(3/14)in theDMgroup and 14%(2/14)in the control 

group. There was no significant relationship between duration ofdiabetes and 

numberofreported falls(rho=.17,p=.413). 

Falls and neuropathy 

Results ofboth the one wayANOVAand Kruskal Wallis one way 

ANOVAindicated no significant difference among groupson number of 

reported falls(F=.616,p=.546;x^=.367,p=.832). There wasno significant 
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difference in fall history between diabetics and controls(z=-.491,p=624)and 

between neuropathic and non-neuropathic participants(z=-.547,p=.584). See 

Appendix 14for asummarytable offall data among groups. 

The chi square analysis onthe association between group membership 

and fall category was notconducted as>20%ofthe cells had expected 

frequencies<5 when analyzed with3group categories,when analyzed with 

diabetic groups collapsed,and when analyzed with non-diabetic groups 

collapsed. Therefore,groups were collapsed for calculation oftheFisher exact 

test. Results oftheFisher exacttestindicated no significant association between 

fall category and group membership(diabetics and controls;p=.453), group 

membership(neuropathic and non-neuropathic;p=.411)and group membership 

(DM-NP andDM,p=.665). There wasno significant difference between fall 

categories on VPT(z=-1.448,p=.148)and AS-VPT(z=-1.532,p=.126)among 

diabetics. 

2. Relationship between diabetic neuropathy and reported fear of 

falling 

Fear descrintives 

Among all participants,25 reported "not at all afraid offalling," 15 

reported "somewhat afraid offalling" and2reported "very afraid offalling." 

The number ofparticipants reporting "not at all afraid offalling" in theDM-NP, 
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DMand control groups were5,8 and 12,respectively. Thenumber of 

participants reporting"somewhatafraid offalling"in theDM-NP,DMand 

control groups were 7,6and 2,respectively. Thetwo participants reporting 

"very afraid offalling" were in theDM-NP group. Oneofthe fall outliers 

reported "very afraid offalling" and the other reported "somewhat afraid." Due 

tothe reported relationship between falls and fear offalling(Tinetti, 1988; 

Vellas, 1997),all fear data were analyzed with datafrom thetwofalls outliers 

excluded. Forthe purpose ofdata analysis, all participants reporting"somewhat 

afraid offalling" and "very afraid offalling" were collapsed into one group; 

thus, all fear data were analyzed withtwofear groups:"notfearful" and 

"fearful." Among diabetics,the ratio ofmalestofemales in the"notfearful" 

and "fearfiil" groups were 6:7and 1:12,respectively. Inthe diabetic group,the 

percentage ofmales reporting"notfearful" and"fearful"was86% and 14%, 

respectively. The percentage offemales reporting"notfearful" and"fearful" 

was37%and 63%,respectively. See Appendix 14forsummarytable offear 

data among groups. 

Fearand neuropathy 

The results ofchi-square analysis indicate no association between group 

membership and reported fear =5.613,p=.06). Withthe non-neuropathic 

groups collapsed into one,the chi-square analysis was not conducted as>20% 

ofcells had expected frequencies<5. TheFisher exacttest demonstrated no 
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association(p=.091)betweenthefear group("notfearful" and"fearful")and 

the collapsed groupsofneuropathic participants and non-neuropathic 

participants. The chi-square analysis demonstrated a significant association 

betweenfear group and the collapsed groupsofdiabetics and controls(x^= 

4.952,p=.026). TheFisher exacttest demonstrated no association between 

gender and fear group when analyzed among all participants(p=.06)and among 

diabetics(p=.073). 

Performance on MFESand neuropathy 

In aKruskal Wallis analysis,there wasa significant difference among 

groupson scoring ofMFES item2(*^=7.149,p=.028),item7(jr^=6.79,p=.034) 

and item 10(x^=6.473,p=.039). On scoring ofitems2,7and 10,the results of 

Mann WhitneyUindicated significantly lower scores amongDM-NPsthan 

controls,butno significant difference betweenDM-NPsandDMsand between 

DMsand controls. Descriptive dataonMFES scores and significant differences 

among groups is included in Appendix 15. See Appendix5for specific 

statistical test values. 

Gender differences on MFJliS items 

Among diabetics, within theDM-NP group and within theDMgroup, 

the averageMFES score reported by males was greaterthan the averageMFES 

score reported byfemales on all items. Within the control group,the average 

score reported by males greaterthan or equalto the average score reported by 

https://jr^=6.79
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femalesfor allitems exceptitems 1,8and 12. Within the control group,the 

average scorefor malesonMFESitems was 10(±0)on all items exceptitem 1, 

8,and 12,whereasthe average scoreforfemales within the controlgroup was 

10(+0)on all items exceptitems3,8,and 11-14.WithintheDM and control 

groups,the median score ofmales and females was 10for all items. Withinthe 

DM-NP group,the median score ofmales was 10,whereasthe median score of 

females was asfollows:item 3(median=8);items 1,2,4,5,6,9,11 and 12 

(median=10);items 7,8,10,13 and 14(median=9). See Appendix 16fora 

summarytable ofMFES datarelative to gender among diabetics. 

£. Results relative to partfour ofthe study: 

Relationship between vibration scores,falls and fear offalling 

among diabetics 

1. Relationship between vibration scores and falls 

Falls and vibration scores 

There wasno relationship between number ofreported falls and VPT 

scores among diabetics(rho=.24,p=.242)and within groups[DM-NPs(rho=.08, 

p=.806);DMs(rho=.48,p=.081)]. There wasno significant relationship 

between falls and AS-VPT among diabetics(rho=.23,p=.26)and within groups 

[DM-NP(rho=.41,p=.187);DM(rho=.30,p=.296)]. There wasno significant 
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relationship between falls and age among diabetics (rho=.08, p=.713) and 

within groups [DM-NP (rho=-.13, p=.679); DM (rho= 39, p=.174)]. There was 

no significant relationship between falls and VPT with age held constant among 

diabetics (T=.18, p>.05) and within groups [DM-NP (T=.07); DM (T= 29)]. 

There was no significant difference between fall category and vibration 

scores among diabetics [VPT (z=-1.448, p=.148); AS-VPT (z=-1.532, p=.126)]. 

Among high fallers, the average VPT and AS-VPT scores were 33.6 (±13.5) and 

2.2 (±1.3), respectively. Among low fallers, the VPT and AS-VPT scores were 

25.2 (±14.6) and 1.34 (±1.3), respectively. There was no difference in vibration 

scores between fall categories within the DM-NP group [VPT (z=-.649, p=.516); 

AS-VPT (z=-1.033, p=.302)], within the DM group [VPT (z=-1.486, p=.137); 

AS-VPT (z=-l. 168, p=.243)]. See Appendix 17 for a summary table of fall 

group data among diabetics. 

Falls, duration of diabetes and tvoe of diabetes 

The Fisher exact test indicated no association between fall category and 

type of diabetes (p>.05). The Mann Whitney U indicated no difference between 

fall category and duration of diabetes (z=-.927, p=.354). 

Falls and strength 

There was no significant relationship between falls and right or left 

plantarflexor strength among diabetics and within groups. There was no 

significant difference in plantarflexor strength between fall categories among 

https://rho=-.13
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diabetics. There wasa significant relationship betweenfalls and right 

dorsiflexor strength among diabetics,but not within groups. There wasno 

significant relationship between falls and left dorsiflexor strength among 

diabetics and within groups. There was no significant difference in dorsiflexor 

strength betweenfall categories among diabetics. See Appendix5for specific 

statistical test values and Appendix 17for asummary table offall group data 

among diabetics. 

2. Relationship between vibration scores and fear 

Results ofthe Mann WhitneyUindicate no significant difference 

betweenfear groups and VPT scores among diabetics(z=-1.439,p=.15)and 

within groups[DM-NP(z=-.733,p=.463);DM(z=-.778,p=.437)]. Results of 

the Mann WhitneyUindicate no significant difference between fear groupson 

AS-VPT scores among diabetics(zf-1.0,p=.317)and within groups[DM-NP 

(z=-.244,p=.808);DM(z=-.645,p=.519)]. Results ofthe Mann WhitneyU 

indicate no significant difference in age between fear groups among diabetics 

(^=-1.078,p=.464)and within groups[DM-NP(z=-.732,p=.464);DM(z=-.844, 

p=.399)]. The results ofthe Fisher exact test indicate no association between 

gender and reported fear(p=.096). The results ofthe Mann WhitneyUindicate 

no relationship between reported fear and duration ofdiabetes(z=-.554,p=.580). 

See Appendix 18for asummarytable offear group data among diabetics. 
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F. Results relative to partfive ofthestudy: 

Relationship between functional balance performance,falls and fear 

offalling among diabetics 

1. Falls and functional balance performance 

Falls.BBSand TUGamong diabetics 

With fall outliers excluded,there wasno significant relationship between 

BBS and reported falls(rho=-.37,p=.067)and betweenTUGand reported falls 

(rho=.31,p=.125). There wasa significant relationship between number of 

reported falls andBBS item8scores(rho=-.40,p=.041)and item 12scores 

(rho=-.43,p=029),butnotitem 13 scores(rho=-.28,p=.177)and item 14 scores 

(rho=0.38,p=.056). The results ofthe Mann WhitneyUindicated no significant 

difference between fall category andBBS performance(zf-1.909,p=.056)and 

TUGperformance(z=-1.735,p=.083). The medianBBS score was50(range 

46-56)among high fallers and 55(range47-56)amonglow fallers. The average 

TUGscore was8.16(± 1.2)among high fallers and 7.09(+amonglow fallers). 

There wasa significant difference between fall category and scoreson 

BBS item8scores(z=-2.068,p=.039),item 12scores(z=-2.47,p=.014)and 

item 14 scores(z=-2.008,p=.048),butnotitem 13 scores(z=-1.263,p=.207). 

Amonglow fallers,the median score onBBSitems 8,12,13 and 14was4. The 

range ofscores amonglow fallers was asfollows:item8=3-4;item 12=2-4; 

https://rho=0.38
https://rho=-.28
https://rho=-.43
https://rho=-.40
https://rho=-.37
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item 13=0-4;item 14=1-4. The average score amonglow fallers was as 

follows:item8=3.8(+.37);item 12== 3.4(+.5);item 13=3.1(+1.43);item 14 

=3.1(±1.1). Among high fallers,the median score onBBSitems8,12and 13 

was3,whereasthe median score onBBSitem 14 was2. Therange ofscores 

among high fallers was asfollows:item8=3-4;item 12=3-4;item 13=1-4; 

item 14= 1-4. The average score among high fallers wasasfollows:item8= 

3.43(±.53);item 12=3.0(±1.15);item 13=2.4(±1.4);item 14=2.0(±1.25). 

See Appendix 17for asummary table offall group data among diabetics. 

Falls and gender 

Among diabetics,the percentage ofmales reporting falls(2/8=25%) 

wasless than the percentage offemales reporting falls(8/20=40%). Withthe2 

fall outliers excluded,the percentage ofmales reporting falls(1/7=14%)was 

less than the percentage offemales reporting falls(7/19=37%). 

2. Relationship betweenfearand functional balance performance 

Among diabetics,there wasa significant difference between fear groups 

and performance ontheBBS(z=-2.435,p=.015)and TUG(z=-3.334,p=.001). 

The medianBBS score was56among participantsin the"notfearful" group and 

52among participants in the "fearful" group. The averageTUGscore was6.17 

seconds(±1.2)among participantsin the"notfearful" group and 8.6(±1.7) 

among participants in the "fearful" group. 
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Among diabetics,the "fearfiil" group scored significantly lower on 

BBS items8,12and 14thanthe"notfearfiil" group. Results oftheMann 

WhitneyUare asfollows:item8(z=-3.035,p=.002),item 12(^=-2.713, 

p=.007)and item 14(z=-2.078,p=.038). There wasno significant difference 

betweenfear groupsin performance onBBSitem 13(z=-1.036,p=.3). There 

were an insufficient number ofcases withintheDM-NP andDMgroupsto 

analyze the difference betweenfear groups and performance ontheBBS,TUG 

andBBS items. See Appendix 18for asummarytable offear group data among 

diabetics. 

3. Relationship between history offalls and fear offalling 

Fear and falls 

Withthetwo falls outliers excluded,the average numberoffalls among 

diabetics reporting "notfearful" was0.23(±.6),whereasthe average numberof 

falls among diabetics reporting "fearful" was 1.5(±1.9). With all diabetics 

analyzed together,the median number offalls reported by bothfear groups was 

0. Within groups,the average numberofreported falls amongthose reporting 

"notfearful" were asfollows:DM-NP=0.4(+.89);DM=0.13(+0.35). Within 

groups,the average number ofreported falls amongthose reporting "fearful" 

were asfollows:DM-NP= 1.4(+1.99);DM=1.67(+1.97).WithintheDM-NP 

group,the median number offalls was0for bothfear groups. WithintheDM 
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group,the median number offalls forthose reporting"notfearful" and 

"fearful"was0and 1,respectively. 

The results ofthe Mann WhitneyUindicated no significant difference in 

number ofreported falls betweenfear groups when analyzed among diabetics 

(z=-1.685,p=.092)and within groups[DM-NP(z=-.583,p=.560);DM(z=-

1.701,p=.089)]. Greaterthan20%ofcells had an expected frequency<5inthe 

chi square analysis onthe association betweenfear group and fall category when 

analyzed among diabetics. TheFisher exacttest indicated no association 

between fear group and fall category when analyzed among diabetics(p=.073). 

See Appendix 18for asummary table offear group data among diabetics. All 

raw data are included in table Appendix 19. 
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CHAPTERV:DISCUSSION 

A. General characteristics ofparticipants 

TheDM-NP,DMand controlgroupswere similarin age,BMIand 

gender. All subjects scored at least a22ontheMMSE,reasonably above the 

cut-offscore. Data analysis on VPT andSWMconfirmsthe neuropathic 

characteristic oftheDM-NP group. Thelonger duration ofdiabetes in theDM-

NP group compared to theDMgroup is consistent with results oflongitudinal 

studies demonstrating a rise in neuropathy with duration ofdiabetes(Maser et 

al., 1989;Orchard et al., 1990). The significant differences in strength scores 

betweenDM-NPsand controls,butnotbetweenDM-NPsandDMsindicate the 

screening process successfiilly recruited diabetic groups differing primarily on 

somatosensoryfunction. The significant negative relationship between ankle 

plantarflexor muscle strength and vibration scores among diabetics indicatesthe 

common simultaneous occurrence ofmotor and sensory neuropathic changes 

(Maser et al., 1989)among diabetics in the sample population. Although there 

were differences among groupsonROMofthe right and left knee flexion and 

left metatarsal extension,ROM measurementsfor each participant were 

considered to be within functional limitsforthe tasks included in the dynamic 

balance tests. The strong correlation between performance ontheTUGand 

BBS inthe current study is notsurprising, as both tests were developed to 
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measure dynamic balance performance. Studies using clinical balance tools to 

assess older adults report strong correlations among measures(Harada et al., 

1995;Shumway-Cook,Gruber,et al., 1997). 

B. Discussion relative to part one ofthe study: 

Relationship between diabetic neuropathy and functional balance 

performance among groups 

1. General 

In performance on the TUG,DM-NPswere significantly slowerthan 

controls,butthere was no difference in performance betweenDM-NPsandDMs 

and betweenDMsand controls. OntheTUG,diabetics were significantly 

slowerthan controls and DM-NPswere significantly slowerthan non-

neuropathic participants. TheBBS scores were significantly lower amongDM-

NPsthan controls and amongDMsthan controls, butthere wasno significant 

difference betweenDM-NPsand DMs. TheBBS scores werelower among 

diabetics than controls and amongDM-NPsthan non-neuropathic participants. 

There were significant differences among groupsonBBSitem8(DM-NPs 

performed more poorlythan controls),BBSitem 13(DM-NPsandDMs 

performed more poorly than controls)andBBS item 14(DM-NPs performed 

more poorly thanDMswho performed more poorly than controls). 
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2. Performance on TUG 

Braun et al.(1996)found no significant difference between healthy older 

diabetics and non-diabetics in performance ontheTUGtest. There are several 

differences betweenthe Braun study and the current study. Braun did nottest 

participantsfor neuropathy,but did statethat 11 ofthe61 diabetics(18%)and 

26ofthe 109 controls(14%)reported afeeling ofnumbnessinthe feet. 

Assuming no significant difference in vibration scores betweenthe diabetics and 

controls tested in theBraun study,comparison ofsimilar groupsinthe present 

study(theDM and control group)demonstrates consistent results. 

The slower performance ontheTUGbyDM-NPspossibly indicates an 

influence ofneuropathy onTUGperformance. Astudy by Mueller et al.(1994) 

demonstrated that neuropathic diabetics walk with a slower velocity and shorter 

stride length than controls. The Mueller study did notcomparethe walking 

speeds ofnon-neuropathic diabetics to neuropathic diabetics,but it is possible 

thatthe non-neuropathic diabetics walk more slowly than controls,but more 

quickly than neuropathic diabetics. Inthe present study,thetimeto complete 

theTUGtest among groupsis consistent with this hypothesis. The resultofno 

difference betweentheDMsand the control group,yet a difference betweenthe 

DM-NPsand control group indicates the importance ofneuropathy and not 

diabetes per se in performance among groupsontheTUGtest. 
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Another difference betweentheBraun study and the current study 

concernsthe speed with which participants completed theTUGtest. All groups 

in the present study were faster in performance ofTUG[DM-NP=8.03 Ot2.1); 

DM=6.89(±1.6);control=6.21(±1.22)]than either group in theBraun study 

[diabetics= 14.7(±6.2);controls 15.7(±7.4)]. Participants inthe current study 

were highly motivated to perform well onthe test and required frequent 

remindersto walk and notrun during the test. The mean age among diabetics 

and non-diabetics in theBraun study was73 years(±7)and 75 years(±8), 

respectively,whereasin the current study,the mean age among diabetics and 

non-diabetics was52(±11)and 51(±10),respectively. Itis possible that age 

could influence performance onTUGindependent ofdiabetes and neuropathy. 

Inthe current study,there was no relationship betweenTUGand age when 

analyzed among diabetics and within groups. The authoris notawareofa 

published study ofTUGperformance among various age groups. 

Itis possible thatthefinding ofno difference betweenDM-NPsand 

DMsand betweenDMsand controls may be attributed to an inability ofthe 

TUGto detect balance differences in relatively healthy middle aged adults. 

Reliability and validity theTUGwasestablished among community dwelling 

frail elderly with a variety ofmedical diagnoses, mobility skills and gait speeds 

(Podsiadlo&Richardson, 1991)and may notbe sensitive to balance deficits,if 

present,among relatively healthy, younger individuals. The current study 

https://control=6.21
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indicatestheTUGis sensitiveto detecting differences amongDM-NPsand 

controls,but atestincluding more challenging tasks may be necessaryto detect 

dynamic balance deficits amongDM-NPsand DMs. 

3. Performance onBBS 

Thelower scoresontheBBS betweenDM-NPsand controls,DMsand 

controls, diabetics and controls andDM-NPsand non-neuropathic participants 

indicates a possible influence ofneuropathy and diabetes in task completion. 

However,theBBS did not significantly discriminate betweenDM-NPsand 

DMs,thoughthe medianBBS score waslower amongDM-NPscompared to 

DMs. It is possible thatthe tasksincluded intheBBS are not sufficiently 

challenging to differentiate amongDM-NPsandDMs. All participants scored 

the maviinal possible score on8ofthe 14BBSitems(57%),indicating tasks 

included in the majority ofitems were notsufficiently challenging to 

discriminate among groups. 

It should be noted that all participants in the current study scored 

between46and 56 ontheBBS,abovethe score of45 suggested asthe cut-off 

score below which significant problems with ambulation inthe elderly are 

evidenced(Berg,Wood-Dauphinee,et al., 1992). All participants inthe current 

study were required to be independent ambulators. AlthoughDM-NPsandDMs 

demonstrated the same range ofscores ontheBBS(46-56),the median scores 
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betweenthe groups were quite different(DM-NP=52;DM=56)suggesting 

thatneuropathy orsome other unidentified characteristic may lead to lower 

scoresontheBBS among independent ambulatory neuropathic diabetics. 

4. Performance on BBSitems 

The results ofthe current study indicate that,relative to balance 

performance,response toBBS item 8(stand and reach)may be useful in 

differentiating DM-NPsfrom controls,item 13(tandem stance)may be useful in 

differentiating DM-NPsandDMsfrom controls,and response to item 14(single 

leg stance)may be useful in differentiating all groups. Additional research is 

needed to examinethe effect ofdiabetic neuropathy on dynamic balance 

performance,perhaps using tests incorporating tasks similartothose ofBBS 

items 8, 13 and 14. Forexample,theFSRtest requires participantsto stand with 

feet parallel and reachforward with outstretched arms asfar as possible while 

maintaining the base ofsupport. The maximal distance reached is measured at 

shoulder height with a yardstick,tape measure or ruler. Thefunctional reach test 

has demonstrated predictive validity in identifying elderly males subjectto 

recurrentfalls(Duncan et al., 1992). Atimed single leg stance test has 

demonstrated predictive validity ofinjurious falls among community dwelling 

elders(Vellas et al., 1997). 
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C. Discussion relative to parttwo ofthe study: 

Relationship between vibration scores and functional balance 

performance among diabetics 

Decreased vibration scores have been associated with poor clinical 

balance amongthe elderly(Lord et al, 1994),butthe relationships between 

vibration scores and clinical balance performance among diabetics has notbeen 

reported in the literature. Results ofthis study demonstrate a strong significant 

relationship between vibration scores andBBS performance,but no relationship 

between vibration scores and TUGperformance among diabetics. Itis possible 

thatthe multi-task nature oftheBBS may challenge the balance capabilities of 

diabetics morethanthe TUG. The relationship between vibration scores and 

BBS was maintained with strength ofthe ankle muscles held constant. The 

inter-correlation betweenBBSitems,vibration scores and strength ofthe ankle 

muscles is demonstrated by achangein relationship between vibration scores 

andBBS items with strength ofthe ankle muscles held constant. Specifically, 

there wasa significant relationship between vibration scores andBBSitems8 

and 14. With strength ofthe plantarflexors held constant,the relationship 

includedBBS items 13 and 14 and excluded item 8. With strength ofthe 

dorsiflexors held constant,the relationship between vibration scores andBBS 

items8and 14 was maintained and broadened toincludeitem 13. These results 
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indicate a strong and unique relationship between vibration scores andBBS 

item 14,independent ofthe influence ofankle muscle strength. 

Astudy byDaubney and Culham(1999)indicated that,among 

the community dwelling elderly(mean age in years=75+6.11),there is a 

significant relationship betweentheBBS and strength ofthe ankle dorsiflexors 

and evertors, measured by hand held dynamometry. Inthe current study,there 

wasa strong relationship betweenBBS scores and strength ofthe ankle 

plantarflexors and a moderately strong relationship betweenBBS scores and 

strength ofthe dorsiflexors as determined by manual muscle testing among all 

participants and among diabetics. Strength ofthe ankle everters wasnot 

assessed in the current study. 

Itis possiblethatthe reduced strength ofthe ankle muscles influenced 

performance onBBSitems 8,13 and 14. During testing, participants were 

allowed to stand with their preferred footforward during performance ofitem 13 

and to usetheirfootofchoice for performance ofBBS item 14. Asno record 

waskeptofthefoot chosen forthese activities,the specific influence ofankle 

strength on performance ofBBS items 13 and 14 performance is not possible, 

thoughthere was no statistically significant difference in strength scores 

between right and left sides. Strength measurements more definitive than 

allowed by manual muscle testing techniques may yield moreinsightinto the 

relationship between strength and performance ontheBBS andBBS items. 
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D. Discussion relative to partthree ofthestudy 

The relationship between diabetic neuropathy,falls and fear of 

falling among groups 

1. Relationship between diabetic neuropathy and history offalls 

Inthe current study,there wasno significant difference among groupson 

number ofreported falls. There wasno association between fall category and 

group membership. 

These results differ from those ofRichardson et al.(1992)who reported 

increased one-time falls and increased repetitive falls among persons with 

peripheral neuropathy including,butnotlimited to,neuropathy associated with 

diabetes. Richardson et al. hypothesized that postural hypotension may have 

contributed to thefalls amongthe neuropathic diabetics inthe study,although 

peripheral neuropathy remained asarisk factorfor falls with datafrom these 

subjects excluded from the analysis. Falls information was collected via 

telephone interview and no data analysis wasconducted with medicationstaken 

into account. Exclusion criteria in the current study not accounted for bythe 

Richardson study included postural hypotension,musculoskeletal abnormalities, 

neuropathy associated with a condition otherthan diabetes,and medications 

associated with falling. The rigorous screening process ofthe current study 

limits comparison. 
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Inthe prospective study by Lord et al.(1994)on physiologicalfactors 

associated with falls in elderly women,multiple falling was associated 

decreased vibration sense,as determined by avibration device applied to the 

tibial tuberosity. Plantar surface vibration sense was not assessed. Information 

onfalls was gathered intwo-month increments by questionnaires and telephone 

interviews. It is possible thatthe prospective and regular nature offalls data 

collection in the Lord study led to a greater number ofreported falls than would 

have occurred through recall one year later, asin the current study. Astudy by 

Cummings,Nevitt,and Kidd(1988)reported thatthe accuracy ofrecall offalls 

occurring over a3-12month period is poor amongthe elderly(>60 years old), 

leading to an under-reporting offalls. Also,it is possible that differences in 

location oftesting vibration sense contributed to conflicting results betweenthe 

Lord study and the current study. 

In a survey study by Cavanagh et al.(1992),Type 1 neuropathic 

diabetics were more likelyto report aninjurious fall occurring overthe previous 

4yearsthan non-neuropathic diabetics matched on gender,duration ofdiabetes, 

and vision ability. The actualnumber offalls(with and withoutinjury)was not 

reported in the Cavanagh study. 

Several differences exist betweenthe Cavanagh study and the current 

study. The current study investigated the relationship between neuropathy and 

the number ofreported falls in the past year,whereasthe Cavanagh study 



75 

investigated the number ofinjurious falls(including falls in general,broken 

bones,sprains,cuts,and bruises)occurring overthe previous4 years,with 

injuries coded dicbotomously as no occurrence ofinjury and occurrence ofone 

or moreinjury. Cavanagb did notestablish a cut-offvibration scoreforthe 

determination ofneuropathy,butrather defined the neuropathic group as 

diabetic participants with high vibration scores and the non-neuropathic group as 

diabetic participants withlow vibration scores. The vibration scores were 

measured using a differenttesting device and vibration scores were reported in 

different units,compared to the currentstudy. Inthe Cavanagb study,the 

average age ofthe participants wasconsiderably younger[non-neuropathic=31.9 

(±2.5);neuropathic=32.9(±2.5)]than inthe current study[(DM=53.6(±10.5); 

DM-NP=49.6(±11.7)]. Inthe Cavanagb study,the average duration ofdiabetes 

wasconsiderably longer[non-neuropathic=18.8(±4.8);neuropathic=22(±4.6)] 

than in the current study[DM=8.6(±6.5);DM-NP=15.9(±10)]. Also, 

Cavanagb studied only Type 1 diabetics,whereasthe majority ofdiabetic 

participants in the current study were Type2diabetics. Inthe current study, 

there was no significant relationship betweentype ofdiabetes and fall history, 

thoughthis result should betaken with caution considering the small numberof 

Type 1 diabetics in each group(DM-NP n=3;DM n=2). 

The difference infindings ofthe current study and the Cavanagb study 

may be explained by differences among participants relative to age and duration 
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ofdiabetes,thoughthe authorfound no published study ofdiabetics 

examining the relationship ofage and duration ofdiabetes relative to falls. The 

differences in study design make it impossibleto directly compare results ofthe 

current studyto the Cavanagh study. Cavanagh hypothesized a potential under 

reporting ofinjurious events,considering the retrospective interview method of 

data collection. However,it is also possiblethat over-reporting ofevents 

occurred,leading to inflated relationships reported in the study. One may 

assume,based onthe results ofthe current study,thatthe one year retrospective 

fall history amongDM-NPsandDMsis not significantly different. A 

prospective study including strict monitoring offall occurrence is needed. 

2. Relationship between diabetic neuropathy and fear offalling 

Inthe current study,there wasno difference in level ofreported fear 

when analyzed amongDM-NP,DMand control groups and when analyzed 

amongDM-NPsand non-neuropathic participants. A higher level offear was 

reported among diabeticsthan controls. There wasno gender effect onreported 

fear. Controls reported a higher level ofconfidence thanDM-NPsin performing 

the tasks ofMFES items2,7and 10. Males reported greater confidencethan 

femaleson all MFES items when analyzed among all participants,among 

diabetics and within theDM-NP andDMgroups. Within the control group, 

males reported greaterthan or equal confidence compared tofemales on all 
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MFES items except 1,8and 12. 

The results ofthe current study differ fromthose reported by Cavanagh 

et al.(1992)ofless perceived safety during walking between Type 1 

neuropathic diabetics and non-neuropathic diabetics with duration ofdiabetes, 

gender and retinopathy scores statistically controlled. The resultofless 

perceived safety among neuropathic diabetics inthe Cavanagh study may be 

explained bythe higher number ofreported injurious falls among neuropathic 

diabetics compared to non-neuropathic diabetics. A high number ofinjurious 

falls could contributeto a higher level offear, asfear offalling and previous 

falls are highly associated(Makiet al., 1990;Tinetti et al. 1994;Vellas et al, 

1997). The higher degree ofconfidence expressed by malesinthe current study 

is consistent withthe gender effect reported in Cavanagh(1992),though results 

should be taken with caution dueto the small percentage ofmale participants in 

the current study. 
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E. Discussion relative to partfourofthestudy: 

The relationship between vibration scores,falls and fear offalling 

among diabetics 

1. Relationship between vibration scores and falls 

Inthe current study,there wasno significant relationship between 

vibration scores(VPT and AS-VPT)and number ofreported falls among 

diabetics. There wasno significant relationship between falls and age and 

between fall category and vibration scores among diabetics. 

Lord et al.(1994)reported an association between poor vibration 

perception(measured atthe tibial tuberosity)and multiple falls. Cavanagh et al. 

(1992)found no difference in mean neuropathy scores among neuropathic 

diabeticfemales reporting injury during walking and standing and those 

reporting no injury. In the current study,there was no relationship between 

multiple falls and vibration scores among diabetics. The lack ofrelationship 

betweenthe physical impairmentofdecreased vibration sense and falls among 

diabetics is consistent with studies ofthe elderly indicating an unclear 

relationship between physical impairment and fall risk(Thorbahn&Newton, 

1996). The progression ofvibration perception deficit among diabetics may 

allow the adoption ofstrategies minimizing the risk offalling. 
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2. Relationship between vibration scores and fear of falling 

Results of the current study indicate no association between vibration 

scores and fear of falling among diabetics. There was no gender effect on 

reported fear, but males did report greater confidence in performing the tasks on 

the MFES test. However, the results on gender should be considered with 

caution considering the small percentage ofmales in the study. 

Cavanagh et al. (1992) reported a perception ofdecreased safety among 

neuropathic Type 1 diabetics, particularly females, but did not report the 

relationship between fear offalling and vibration scores among diabetics. 

Results of studies investigating fear of falling among the elderly consistently 

indicate an association between fear and previous falls (Vellas et al., 1997; 

Tinetti et al., 1988), but a clear association between physical impairment and fall 

risk has not been established (Thorbahn & Newton, 1996). The relationship 

between vibration scores, fear of falling and falls among diabetics warrants 

future study. It is suggested that future studies include the MFES and 

incorporate aggressive methods of data collection on fall history. 
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F. Discussion ofresults relative to partfive ofthestudy: 

Relationship between functional balance performance,falls and fear 

offalling among diabetics 

1. Relationship between functional balance performance and falls 

Inthe current study,there wasno significant relationship betweenTUG 
J 

orBBS and the number ofreported falls among diabetics. Among diabetics, 

high fallers performed significantly more poorly ontheBBS andBBSitems8, 

12and 14. High fallers performed more poorly on TUG,butnotsignificantly. 

The identification offall riskfactors is a difficult task,as many systems 

interactto achieve postural balance. The reported findings ofstudies on fall risk 

are not consistentregarding primary predictors(Maki et al, 1991;Nevitt et 

al,1989; Tinetti et al., 1988;Richardson et al., 1992),possibly dueto various 

research designs(retrospective, prospective),groups(community dwellers, 

nursing home residents,frail elderly, healthy elderly), and balance assessments 

(postural sway,Tinetti,Berg,functional reach)included in the studies. 

Studies ofthe elderly indicate theBBS cut-offscore of>45 is highly 

specific,identifying persons notlikelyto fall(Thorbahn&Newton,1996). In 

the current study,no participant scored lowerthan46ontheBBS. Among 

diabetics,theBBS scores werelowerfor high fallers(median=50)thanlow 

fallers(median=55),butnot significantly. 



81 

Shumway-Cook,Baldwin et al.(1997)demonstrated a non-linear 

relationship between decreasingBBS scores and increasing fall risk in 

community dwelling elders. An increased fall risk of6-8% wasassociated with 

BBS scores in the range of46-54. Makiet al.(1991)reported poorer scores on 

the Tinetti balance testamong participants who fell one or moretimes in the 

previous year. 

Inthe current study, participants scored the maximal score of4onthe 

majority ofBBS items. Thelower scores ofhighfallers onBBS items 8,12and 

14 suggestthata more objective assessmentofperformance on activities similar 

to theseBBS items could potentially provide insight into fall prediction among 

diabetics. 

2. Relationship between functional balance performance and fear of 

falling 

Inthe current study, participants who reported"fearful offalling" 

performed significantly poorerontheBBS and TUGthan participants who 

reported"notfearful"(among all participants and among diabetics). When all 

participants were analyzed,the"fearfiil" participants scored significantly lower 

onBBSitems8,12,13 and 14. When diabetics were analyzed,the"fearful" 

participants scored significantly lower onBBS items8,12and 14. 
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Results ofthis study are consistent with those ofMakiet al.(1991) 

who reported an association between scores on single leg stance and fear among 

independent ambulators aged 62-96 years. However,the result ofsignificantly 

lowerBBS scores and slowerTUGspeed in the "fearful" group in the current 

study among all participants and among diabetics are inconsistent with the 

finding by Maki et al(1997)ofno association betweenfear and performance on 

the Tinetti Test,a balance test similar to theBBS,among elderly participants. 

Differences in age,neuropathic characteristics ofparticipants and different 

measures ofclinical balance performance may explain the differing results 

between studies. 

"3. Relationship between fear offalling and history offalls 

There was no significant difference between the"fearful"and"not 

fearful"groupson numberofreported falls when analyzed among all 

participants and among diabetics. There was no association between fall 

category and fear group among all participants and among diabetics. 

These results are not consistent with studies ofelderly community 

dwellers demonstrating an association between falls and fear offalling (Tinetti, 

et al., 1988;Vellas et al., 1997). Itis possible thatthe elderly participants in the 

Vellas and Tinetti studies had a history offalling multiple timesfor several 

years,including the mostrecent year history included in the study. Multiple 
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falls over several years could lead to agreaterfear offalling. Itis possible 

thatthe neuropathic diabetics in the current study were aware ofpostural deficits 

and adopted compensatory gait changes,such as decreased walking speed and 

stride length and increased base ofsupport. The gait modifications could lead to 

a more stable gait during daily activities,leading tofewerfalls and subsequently 

less fear offalling. Moreresearch is needed to investigate the relationship 

between falls and fear offalling among diabetics. 

G. Concluding remarks 

1. Limitations 

This study waslimited to participants willing to volunteer and to 

participants who metthe strict study inclusion criteria. Itis possible thatthe 

participants in the study are notrepresentative ofa more general neuropathic 

diabetic,non-neuropathic diabetic and non-diabetic, non-neuropathic 

population. Theinfluence ofdiabetes onthe somatosensory,visual and 

vestibular systems could lead to a higher fall risk among diabetics whofailed to 

meet study criteria. The prevalence ofcardiovascular disease and medication 

use among diabetics could also render this population at risk offalls related to 

postural hypotension. Significantlower extremity weaknessand 

musculoskeletal abnormalities could affect balance performance. The exclusion 

criteria ofthis study limited investigation ofthe impactofthese abnormalities. 
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Itis also possible that diabetics at highest risk offalling felt threatened bythe 

study and chose notto participate, perhapsfearful ofthe revelation ofbalance 

deficits to others which could lead to decreased independence offered by 

companions or caregivers. 

The sample size waslimited,due to difficulty identifying diabetics 

meeting study criteria. The small sample size and data distributions limited the 

types ofdata analysesthat could be responsibly performed. 

The observational cross-sectional design ofthis study limits inference of 

causal relationships. Although the results indicate balance deficits among 

neuropathic diabetics, it is not possible to determine whether neuropathy causes 

balance problems or whether balance deficits among neuropathic diabetics are 

related to some other unidentified cause. Itis not possible to determine whether 

fear causes poor performance on balance tests or whether recogmtion ofpoor 

balance causes one to befearful. 

The retrospective method offall data collection waschosento allow 

comparison with otherfall studies utilizing a similar method. However,under 

reporting offalls could have occurred. Although participants were required to 

describe the fall circumstancesfor each fall eventto be counted in the study,it is 

also possible that participants over-reported fallsto gain sympathy. 

This study was designed to be clinical in nature. Thetests and measures 

were chosen based onthe reported validity and reliability, ease ofuse,time 
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required to administerthetests and availability ofequipment. Isokinetic and 

hand-held dynamometrytechniques ofstrength assessment are more 

discriminative and less subjective thanthe manual muscletesting technique 

employed inthis study. However,many practitioners have limited accessto 

these devices. 

Itis possible thatsome study participants failed to reporttheirtrue level 

offearto conceal their anxiety and others may have over-reported fearto gain 

attention. Also,althoughthe questions related tofear were directly related to 

falls,thefear expressed by some participants may reflect a general state of 

anxiety notspecifically related to falls. 

Amongthe elderly,theBBS demonstratesgood reliability, correlates 

highly with other balance measures and demonstrates high specificity relative to 

fall occurrence. Inthis study,the participants scored the highest score possible 

onthe majority ofBBS items,indicating the test may notbe sufficiently 

challenging to unmask balance deficitsamong middle-aged,diabetic 

participants. Relationships betweenBBSitems and falls,fear and other balance 

tests have not been routinely reported,although many balance testsinclude or 

limittasksto those included intheBBS items. 
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2. Study conclusions 

In this study,DM-NPs perfonned significantly more poorly ontheTUG 

andBBSthan controls. TheDMsperformed more poorlythan controls onthe 

TUG,thoughthefinding was not statistically significant. There wasa 

significant difference betweenDMsand controls inBBS performance. 

Performance ontheTUGandBBS wasnot discriminatoiy betweenDM-NPs 

andDMs. Performance onBBSitem 14(single leg stance) wassignificantly 

different among all groups. Performance onTUGandBBS wasnot associated 

with number ofreported falls and fall category(high and low fallers)among 

diabetics. Diabetics who reported multiple falls performed more poorly onBBS 

items 8,12and 14than diabetics reporting one or nofalls. There wasno 

association betweenfear offalling and diabetic neuropathy,fall history and fall 

category. There was an association between fear and clinical balance , 

performance among diabetics. 

Among diabetics,there wasa significant negative relationship between 

vibration scores and performance ontheBBS. There was also a significant 

negative relationship between vibration scores and performance onBBSitems8 

and 14. There wasa negative relationship between vibration scores andBBS 

items8 and 12with strength ofthe ankle muscles held constant. There was no 

significant relationship between vibration scores and numberofreported falls 

and no difference in vibration scores between high and low fallers. There was 
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no significant difference in vibration scores and fear groups. There wasa 

significant difference betweenfear groups and performance onTUGand BBS. 

3. Implications 

The difference in performance ontheTUGandBBSbetweenDM-NPs 

and controls and betweenDM-NPsand non-neuropathic participants may 

indicate a difference in dynamic balance performance relative to diabetic 

neuropathy and notto diabetes per se.Thefinding ofno difference between 

DM-NPsandDMsonTUGandBBS performance may be dueto alack of 

sensitivity ofthese teststo detect balance deficits among diabetics. It is also 

possible that diabetics develop compensatory strategies allowingthem to walk 

with remarkable balance,evenin the presence ofvarying degrees ofneuropathy. 

More challenging balance activitiesthanthoseincluded in theTUGandBBS 

may be necessaryto unmask balance deficits among diabetics. The significant 

difference among groupsonBBSitem 14indicates a potential usefulness in 

differentiating balance deficits among diabetics. 

The increased injurious fall risk among neuropathic diabetics suggested 

by other researchers may be related tofactors otherthan those apparentinthe 

BBS and TUGtests. The ability of BBSitemsto differentiate between high and 

low fallers among diabetics may prove useful in identifying diabetics at risk for 

falls It is possible that diabetics experiencefewerfallsthanthe elderly and thus 
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have less fear offalling. Itis also possible that diabetics develop 

compensatory strategies that makethem less likely to fall. Fear offalling should 

be considered in studies ofdynamic balance and falls among diabetics. 

4. Suggestionsforfuture research 

A dynamic balance testbatteryfor diabetics including the more 

challenging itemsoftheBBSshould be developed. Single leg stance,tandem 

stance and stool stepping activities should be included along withtimed gait 

tests with measurement ofstride and step length. Additional dynamic balance 

tests,such astheFSR,TBGS,BSPTandDGIshould be evaluated among 

diabetics. Strength measures,including manual muscle testing and isokinetic 

testing should be included. Prospective studies offalls with close monitoring of 

participants may lead to a more accurate reportoffallsthan retrospective data 

collection.Future studies should direct questions related to fear with each 

balance testing procedure,rather than asking global questions related tofear and 

falls. Such distinctions would allow the determination ofwhetherfear and 

poorer performance were related to balance deficits or an overall sense of 

anxiety notspecifictofalls or balance performance. The relationships between 

static balance,as measured by posturalsway,dynamic posturography and 

functional balance performance among diabetics should be explored. 
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Appendix 1;List ofAbbreviations 

AS-VPT=age standardized vibration perception threshold 

BBS=BergBalance Scale 

BBS item(s)=item(s)ontheBerg Balance Scale 

BSPT=Balance Self-Perceptions Test 

DGI=Dynamic GaitIndex 

DM=non-neuropathic diabetics 

DM-ISIP=neuropathic diabetics 

FSR=Functional Stand and Reach 

MFES=Modified FallsEfficacy Scale 

MMSE=MiniMental StateExam 

Rho=Spearman rank order coefficient 

ROM=range ofmotion 

SWM=Semmes-Weinstein monofilaments 

TBGS=TinettiBalance and Gait Score 

TUG=Timed Up&Gotest 
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Appendix2: Modified Falls Efficacy Scale 

*Takenfrom:HillKD,SchwarzJA,Kalogeropoulos AJ,Gibson SJ. Fear of 
falling revisited. ArchPhysMedRehdbil 1996;77:1025-1029] 

Item 1: get dressed and undressed 

Item 2:prepare a simple meal 

Item 3:take a bath or shower 

Item4:getin/outofa chair 

Item 5:getin/outofbed 

Item 6:answerthe doorortelephone 

Item 7:walk around inside ofyour house 

Item 8:reach into cabinets or closets 

Item 9:light house keeping 

Item 10:simple shopping 

Item 11:using public transportation 

Item 12:crossing roads 

Item 13:light gardening or hanging outthe wash 

Item 14:using frontor rear steps athome 

[Participants are asked"How confident/sure are you that you do each ofthe 

activities withoutfalling?." Participants rate all itemson a scale from0-10 

(O=notconfident at all; 5=fairly confident; 10=completely confident)]. 
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Appendix3:Berg Balance ScaleItems* 

♦[Takenfrom: Lewis CB, McNemey T. ClinicalMeasures ofFunctional 
Outcomes: "The Functional Outcomes Toolbox." McLean, VA:Leam 
Publications; 1997] 

Item 1: Sitting to standing 
Item 2: Standing unsupported 
Item 3: Sitting with back unsupported but feet supported on floor or on a stool 
Item 4: Standing to sitting 
Item 5: Transfers 

Item 6: Standing unsupported with eyes closed 
Item 7: Standing unsupported with feet together 
Item 8: Reaching forward with outstretched arm while standing 
Item 9: Pick up object from the floor from a standing position 
Item 10: Turning to look behind over left and right shoulders while standing 
Item 11: Turn 360 degrees 

Item 12: Place alternative foot on step or stool while standing unsupported 
Item 13: Standing unsupported one foot in front 
Item 14: Standing on one leg 
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Appendix4:Summary Table ofParticipant characteristics 
DM-NP DM Control 

(N=14) (N=14) (N=14) 

Age fyecars) 49.6(11.7) 53.6(10.5) 51.1(9.5) 

[48;32-69] [55;31-67] [51;36-68] 

Gender(male/female) 4/10 4/10 3/11 

BMl 29.3(6.7) 33.2(6.4) 28.5(5.8) 

(kg/rt^) [27.5;19.740] [31.9;23.445.7] [28.5;20.643.7] 

3/11 2/13 n/aTypeofdiabetes 

(Type 1/Type2) 

8.6(6.5)Duration ofdiabetes 15.9(10.0) n/a 

(years){a} [17;3-34] [8; 1-20] 

MMSE{c} [28;25-30] [28;22-30] [29;26-29] 

VPT(volts){a,b} 40.43(10.62) 17.0(6.82) 11.93(4.8) 

[44.5;21-50f] [16.25;7-31] [10.75;5-23.5] 

AS-VPT(zscores) 2.82(0.57) 0.48(0.72) -0.29(0.82) 

{a,b,c^} [2.8;2-3.68] [0.45;-1.1-1.44] [-0.29;-1.55-1.17] 

SWM{a,b} 5.28(0.89) 4.2(0.72) 3.77(0.25) 

[5.06;3.96-6.65+] [3.9;3.61-5.99] [3.72;3.224.17] 

1. Dataarereported as mean(standard deviation)[median;range],exceptas otherwise 

indicated;italics describe units/description reported 

2. n/a=notapplicable 

3. codesfor significance,indicatedin{ } aftervariable(determinedbyhfenn Whitney 

U),rmless otherwise indicated below: 

significant difierence betweenDM-NPandDM 

b= significantdifference betweenDM-NP and control 
a= 

significantdifference betweenDMand control 

c^= significant differencebetweenDMand controlbyMannWhitneyU,butnot 
c= 

ADMR 

d= significant difference between diabetics and controls 

= significantdifference betweenDM-NPand non-neuropathic participantse 

https://3.224.17
https://3.61-5.99
https://3.96-6.65
https://1.55-1.17
https://1.1-1.44
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Appendix5: Statistical test values 

Variable 

Age 

BMI 

Duration diabetes 

MMSE 

ROM: 

righthipflexion 
ROM: 

left hipflexion 
ROM: 

lightkneeflexion 

ROM: 

leftkneeflexion 

ROM: 

right metatarsalextension 
ROM: 

left metatarsalextension 

strength: 
rightPF 

strength: 
left ankleFF 

strength: 
righttoeflexion 

strength: 
lefttoeflexion 

StatisticalData 

3 groups:F=.525,p=.596;je'=1.099,p=.577 
3 groups:F=2.253,p=.119;xM.512,p=.105 
DM-NP&DM:t=-2.309,p=.029;z=-2.049,p=.041 

3 groups3:^=9.516,p=.009 
DM-NP&DM:z=-1.278,p=.201 
DM-NP&control:f=-1.882,p=.06 
DM&control:zf-2.801,pp=.005 

3 groups:F=2.960,p=.064;*"=4.624,p=.099 

3 groups:F=3.542,p=.039;*^5.933,p=.051 

3 groups:F=15.885,p=.001;*^19.544,p=.000 
DM-NP&DM:z=-1.07,p=.287 
DM-NP&control:zf-3.237,p=.001 
DM&control:z=-4.169,p=.00 

3 groups:F=9.129,p=.001;*"=14.442,p=.001 
DM-NP&DM:z=-.467,p=.641 
DM-NP&control:Zr=1.528,p=.126 
DM&control:z=1.372,p=.00 

3 groups:F=2.761,p=.076;*"=4.889,p=.087 

3 groups:F=4.459,p=.018;*"=8.013,p=.018 
DM-NP&DM:z=-.972,p=.331 
DM-NP&control:z=-2.228,p=.026 
DM&control:r=-2.486,p=.016 

3 groups:F=5.595,p=.007;*"=9.141,p=.01 
DM-NP&DM:r=-1.856,p=.063 
DM-NP&control:z=-2.886,p=.004 
DM&control:z=-1.242,p=.214 

3 groups:F=5.746,p=.007;*"=9.347,p=.009 
DM-NP&DM:z=1.485,p=.138 
DM-NP&control:z^-3.105,p=.002 
DM&control:z=-1.455,p=.146 

3 groups:F=6.877,p=.003;*"=10..981,p=.004 
DM-NP&DM:z=-1.577,p=.115 
DM-NP&control:z=-3.241,p=.001 
DM&control:z=-2.117,p=.034 

3 groups:F=7.239,p=.002;*"=11..224,p=.004 
DM-NP&DM:z=-1.674,p=.094 
DM-NP&control:z=-3.236,p=.001 
DM&control:z=-2.117,p-.034 

https://p=.007;*"=9.141,p=.01
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Appendix5:(continued) 

strength: 3groups:F=7..233,p=.001;x^=11.169,p=.004 
li^ttoe extension DM-NP&DM:z=-1.651,p^.099 

DM-NP&control:z=-3.24,pF=.001 
DM&control:z=-2.117,Ty=.034 

strength lefttoe extension 3groups:F=7.233,p=.002;x'=ll.169,p=.004 
DM-NP&DM:z=-1.651,p=.099 
DM-NP&control:3f=-3.24,p=.001 
DM&control:z=-2.117,p-.034 

VPT 3groups:F=53.254,p=.00;x'=27.267,p=.00 
DM-NP&DM:zf-4.143,p=.00 
DM-NP&control:s=-4.462,p=.00 
DM&control:^=-2.117,p=.034 

AS-VPT 3groups:F=7.33,p=.00;*^=30.278,p=.00 
DM-NP&DM:z=-4.503,p=.00 
DM-NP&control:z=-4.503,p=.00 
DM&control:^-2.551,p=.011 

SWM 3groups:*^=21.046,p=.00 
DM-NP&DM:z=-3.197,p=.001 
DM-NP&control:^-4.218,p=.00 
DM&control:z=-1.839,p=.066 

TUG 3groups:F=4.228,p^.022;a^=6.515,p=.038 
DM-NP&DM:z=-1.379,p=.168 
DM-NP&control:3f=-2.527,p=.011 
DM&control:^-1.172,p=.241 
Diabetics&controls:z=-2.148,p=.032 
DM-NPs&non-NPs:2f=-2.268,p^,023 

BBS 3groups:*^=19.09,p=.00 
DM-NP&DM:z=-2.146,p=.032 
DM-NP&control:z=-4.284,p=.00 
DM&control:z=-2.691,p=.007 
Diabetics&controls:r=-3.731,p=.00 
DM-NPs&non-NPs:z=-3.834,p=.00 

BBSS 3groups:x^=6.359,pf=.042 
DM-NP&DM:z=-1.286,pF=.199 
DM-NP&control::f=-2.2423,p=.015 
DM&control:z=-1.441,p=.15 
Diabetics&controls:z=-2.02S,p=.043 
DM-NP&nonNP:z=-2.314,p=.021 

BBS 12 3groups:*'=4.389,p=.lll 
Diabetics&controls:z=-2.016,p=.044 
DM-NP&nonNP:z=-1.502,p=.133 

BBS 13 3 groups:x^=8.819,p=.012 
DM-NP&DM:z=-.894,p=.371 
DM-NP&control:z=-2.964,p=.009 
DM&control:5f=-2.409,p=.016 
Diabetics&controls:z=-2.814,p=.005 
DM-NP&non-NP:z=-2.228,p=.026 

https://3f=-3.24
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BBS 14 

Falls 

MFES2 

MFES3 

MFES4 

MFES7 

MFES9 

MFES 10 

MFES 13 

Appendix5:(continued) 

3 groups:*^=18.491,p=.00 
DM-NP&DM:z=-2.519,p=.012 
DM-NP&control:^=-4.034,p=.00 
DM&control:z?=-2.411,p=.016 
Diabetics&controls:z=-3.436,p=.001 
DM-NP&non-NP:zf=-3.957.d=.00 

3 groups:F=.616,p=.546; 367,p=.832 
Diabetics&controls:z=-.491,p=.624 
DM-NP&non-NP:z?=-.547,pf=.584 

3groups:x^=7,149,p=.028 
DM-NP&DM:z=-1.72,p=.085 
DM-NP&control:z=-2.294,p=.022 
DM&control:zf-I.O,p=.32 
Dirties&controls:z=-2.829,p=.005 
DM-NP&non-NP:zr=-2.62,p=.009 

3 groups: 3.775,p=.151 
Diabetics&controls:z=-2.549,p=.011 
DM-NP&non-NP:z=-1.925,t)=.054 

3 groups: 5.177,p=.075 
Diabetics&controls:z=-2.22,p=.026 
DM-NP&non-NP:zf-1.996,o=.046 

3 groups:*^=6.79,p=.034 
DM-NP&DM:z=-1.186,p=.235 
DM-NP&control:2F-2.620,p=.009 
DM&control:z=-1.44,p=.15 
Diabetics&controls:z=-2.493,p=.013 
DM-NPs&non-NP:z=-2.363,=.018 
3 groups:*^=5.678,p=.058 
Diabetics&controls: zf=-2.405,p=.016 
DM-NPs&non-NPS:z=-2.162,p=.031 

3 groups:*^=6.473,p=.039 
DM-NP&DM:z=-.914,p=.361 
DM-NP&control:z=-2.18,p=.009 
DM&control:2f=-1.8,p=.072 
Diabetics&controls:z=-2.214,p=.027 
DM-NPs&non-NPs:z=-2.093,p=.036 
3 groups: 3.384,p=.184 
Diabetics&controls:z=-1.965,p=.049 
DM-NP&non-NP:z?=-1.817,p=.069 

https://zr=-2.62
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Appendix6;Summary TableofROMDataAmong Groups 
DM-NP DM Control 

Right hip flexion 119.79(6.2) 118.5(5.4) 114.9(5.1) 

Left hip flexion 120.9(6.7) 120.1(5.4) 115.4(5.6) 

Rightknee flexion {b,c} 123(10.2) 119.5(6.3) 135.6(6.9) 

Left knee flexion {c} 126.2(10.1) 122.9(5.6) 135.3(7.4) 

Rightankle dorsiflexion 10.9(1.9) 10.7(1.5) 10.4(3.0) 

Left ankle dorsiflexion 11.2(1.8) 11.5(2.1) 10.9(2.8) 

Rightfirst metatarsal 56.4(6.9) 55.7(8.1) 61.1(4.0) 

extension 

Leftfirst metatarsal 56.4(5.0) 54.3(7.8) 61.1(5.3) 

extension {c} 

1. Dataare mpang(standard deviation)in degreesasmeasured bystandard 
goniometer 

2. Codesfor significance,indicated in{ } aftervariable(determined byMann 
WhitneyU): 

a=significant difference betweenDM-NPandDM 

b=gignificantdifference betweenDM-NPand control 

c= gignifirant difference betweenDMand control 
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Appendix 7:Summary Table ofStrength Data Among Groups 

Rightknee extension 

Leftkneeextension 

Right ankle plantarflexion{b} 

Left ankle plantarflexion{b} 

Right ankle dorsiflexion 

Left ankle dorsiflexion 

Righttoeflexion{b} 

Lefttoeflexion{b} 

Righttoeextension{b} 

Lefttoe extension{b} 

1. Dataare 

muscle test 

DM-NP DM Control 

4.9(0.36) 4.9(0.36) 5 

[5;4-5] [5;4-5] [5] 

4.8(0.43) 4.9(0.36) 5 

[5;4-5] [5;4-5] 15] 

4.1(0.63) 4.6(0.62) 4.8(0.46) 

[4;3.5-5] [5;3.5-5] [5;3.5-5] 

4.1(0.6) 4.5(0.66) 4.9(0.36) 

[4;3.5-5] [5;3.5-5] [5;4-5] 

4.7(0.47) 4.9(0.36) 4.9(0.27) 

[5;4-5] [5;4-5] [5;4-5] 

4.7(0.47) 4.8(0.43) 4.9(0.27) 

[5;4-5] [5;4-5] [5;4-5] 

4.3(0.64) 4.7(0.54) 5 

[4;3.5-5] [5;3.5-5] [5] 

4.3(0.67) 4.7(0.54) 5 

[4;3.5-5] [5;3.5-5] [5] 

4.3(0.67) 4.7(0.54) 5 

[4;3.5-5] [5;3.5-5] [5] 

4.3(0.67) 4.7(0.54) 5 

[4;3.5-5] [5;3.5-5] [5] 

(standard deviation)[median;range]asdetermined by manual 

2. Codesfor significance,indicatedin{ } after variable(determined byMarui 

Whitney U): 

a=significant difference betweenDM-NP andDM 

b=significant difference betweenDM-NPand control 

c=significant difference betweenDMand control 
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Appendix 8:Summary Table ofBalance Scores Among Groups 

DM-NP DM Control Diabetics Non-NP 

TUG 8.03(2.09) 6.89(1.6) 6.21(1.22) 7.46(1.92) 6.55(1.44) 
{b,d,e} [7.69;4.75-12.65] [6.28;4.42-10.08] [5.6;4.9- [7.4;4.42-12.65] [6.3;4.42-10.08] 

8.52] 

BBS [51;46-56] [56;46-56] [56] 52.9(3.4) 55(2.23) 
{b,c,d,c| [54.5;46-56] [56;46-56] 
BBSitem8 [4;3-4] [4;3-t] [4] 3.75(.44) 3.93(.26) 
{b,d,e> [4;3-41 [4;3-41 

BBSitem 12 [4;1-4] [4;2-4] [4] 3.6(.79) 3.86(.45) 
{d} [4; 1-41 [4;2-41 

BBSitem 13 [3.5;0-4] [4;0-4] [4] 2.96(1.4) 3.6(.99) 
{b,c,d,e} [4;0-41 [4;0-41 

BBSitem 14 [2;1-4] [4;1-4] [4] 2.86(1.2) 3.71(.71) 
{a,b,c,d,e} [3; 1-41 [4;1-41 

1. Dataarereported as mean(standard deviation)[median;{range}] 

2. Non-NP=non-neuropathic participants 

3. Codesfor significance,indicated in{}after variable(determined by Maim Whimey U; 

a= significant difference between DM-NP andDM 

b= significantdifference betweenDM-NPand control 

c= significant difference betweenDM and control 

d= significant difference between tabeticsand controls 

e= significantdifference betweenDM-NPand non-neinopathic participants 

4. All participantsin the control group scored the maximum possible on allBBSitems 



Appendix 9; Graphical representation of balance test results

TUG (seconds)

BBS (score)
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Appendix 10;Summary Table ofScores onBBSitems 
item6 items item9 item 12 

DM-ISIP 3(1) 3(5) 3(1) 1(1) 

4(13) 4(9) 4(13) 2(1) 

3(2) 

4(10) 

DM 4(14) 3(2) 3(1) 2(1) 

4(12) 4(13) 3(2) 

4(11) 

Data are scores(frequency) 

item 13 

0(1) 

1(3) 

2(2) 

3(1) 

4(7) 

0(1) 

1(1) 

2(1) 

3(2) 

4(9) 

item 14 

1(5) 

2(3) 

3(3) 

4(3) 

1(1) 

2(1) 

3(3) 

4(9) 
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Appendix 11:Summary Table ofCritical Correlations Among Diabetics 

VPT AS-VPT TUG BBS Falls 

Age .20 -.17 .36 -.29 .08 

Duration ofdiabetes .34 .42* -.26 .07 .17 

Falls .24 .23 .31 -.37 — 

TUG .34 .26 — -.78* .31 

BBS -.64* -.57* -.78* — -.37 

strength right -.44* -.39* -.60* .61* -.07 

plantarflexors 

strength left -.39* -.33 -.68* .64* -.07 

plantarflexors 

strength right -.27 -.27 -.50* -.51* -.40* 

dorsiflexors 

strength left -.13 -.12 -.47* .39* -.31 

dorsiflexors 

1. Data are Spearman rho correlation coefficients 
2. *=significant relationship 
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Appendix 12: Summary Table ofPartial Correlations AmongDiabetics 

Age strength strength strength strength 

constant rightPF leftPF rightDF leftDF 

constant constant constant constant 

Duration of .22 

diabetes * VPT 

Duration of .28* 

diabetes*AS-

VPT 

TUG*VPT .15 

TUG*AS-VPT .19 

BBS*VPT -.45* 

BBS*AS-VPT -.44* 

BBS*VPT -.35* -.29* -.42* -.46* 

BBS*AS-VPT -.32* -.34* -.49* -.40* 

BBS8*VPT -.25 -.26 -.36* -.45* 

BBS12*VPT -.14 -.12 -.16 -.21 

BBS13* VPT -.35* -.37* -.43* -.45* 

BBS14* VPT -.56* -.57* -.64* -.66* 

Falls * VPT .18 

1. Data areKendall's tau b partial correlations 
2. "'=significant relationhship 
3. Empty cells=analysis not conducted 
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Appendix13:Summary Table ofCorrelations WithBBSitems 
AmongDiabetics 

BBS BBS BBS BBS 

item8 item 12 item 13 item 14 

VPT -.33* -.22 -.35 -.65* 

AS-VPT -.35 -.21 -.25 -.65* 

Strength right .36 .33 .43* .51* 

plantarflexors 

Strength left .36 .40* .43* .51* 

plantarflexors 

Strength right .70* .32 .25 .52* 

dorsiflexors 

Strength left .62* .26 .17 .41* 

dorsiflexors 

1. Data are Spearmanrho correlation coefficients 
2. *=significant relationship 



115 

Appendix 14: Summary Table ofFalls and FearAmong Groups 
ControlDMDM-NP 

1.0(1.65) 0.79(1.48) 0.43(0.76)
Falls 

[0;0-41 r0;0-21fO;0-51 
21% 14%

Percentage of 29% 

participants reporting 
fiills 

N=8 N=12 
"Notfearful" group N=5 

(numberof 
participants) 

N-6 N=2
"Fearful" group N=7 

(numberof 
participants) 

mean malemean male scoreMean maleMFES 
score> mean > meanfemale score^mean 

score on all female scorefemale score on 
items on all itemsall items 

except 1,8,12 

0.4(.89) 0.125(0.35) 0.5(0.8)
Falls among"not 

[0;0-2] [0;0-11 FO;0-21 
fearful" 

1.43(1.99) 1.67(1.97) n/a
Falls among"fearful" 

rO;0-51 rO;0-41 

1. Data are reported as mean(standard deviation)[median; 
{range}],except as otherwise indicated 

2. There were no significant differences among groupsonfalls and 
fear 
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Appendix15: Summary Table ofMFESData AmongGroups 

MFES1 

MFES2{b} 

MFES3 

MFES4 

MFES5 

MFES6 

MFES7{b} 

MFES8 

MFES9 

MFES10{b} 

MFES11 

MFES12 

MFES13 

MFES14 

DM-NP 

9.4(1.7) 
nO;4-101 

8.8(2.0) 
no;5-101 

8.4(2.6) 
nO;1-101 

9.3(1.2) 
no;7-101 

9.7(0.65) 
nO;8-101 
9.8(0.6) 
no;8-101 

9.3(0.98) 
nO;7-101 

9.3(1.1) 
nO;7-101 

9.1(1.4) 
nO;6-101 

8.8(1.9) 
nO;5-101 
8.2(3.2) 
nO;1-101 

7.9(3.6) 
nO;1-101 

8.5(2.2) 
nO;4-101 
8.2(3.1) 
no;1-101 

DM 

9.7(0.8) 
nO;7-101 

9.9(0.5) 
nO;8-101 

9.7(0.7) 
nO;8-101 

9.5(1.4) 
nO;5-101 

9.8(0.6) 
nO;8-101 

9.9(0.5) 
nO;8-101 

9.4(1.6) 
no;5-101 
9.8(0.8) 
nO;7-101 

9.7(0.83) 
nO;7-101 

9.1(2.0) 
nO;4-101 

9.0(2.1) 
nO;4-101 

9.0(2.1) 
nO;4-101 
8.8(3.1) 
nO;0-101 

8.4(3.2) 
nO;0-101 

Control 

9.9(0.3) 
nO;9-101 
10(0) 
noi 

9.7(0.6) 
nO;8-101 

10(0) 
rioi 
10(0) 
rioi 
10(0) 
noi 

10(0) 
noi 

9.9(0.36) 
nO;9-101 

10(0) 
noi 

10(0) 
noi 

9.9(0.53) 
nO;8-101 

9.8(0.58) 
nO;8-101 

9.9(0.36) 
nO;9-101 
9.9(0.53) 
TIO;8-101 

1. Dataarereported as mean(standard deviation)[median;{range}] 
2. Codesfor significance,indicatedin{}afiervariable(determinedbyM^WhitneyU: 

a= cignifinantdifferencebetweenDM-NPandDM 
b= rignifirant difference betweenDM-NPand control 
c= |eignifir.ant differencebetweenDMandcontrol 
d= 

significantdifferencebetweenDM-NPand non-neuropathic participantse= 
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Appendix16;Summary Table ofMFESItemsBetween Males and 
FemalesAmongDiabetics 

MFESl 

MFES2 

MFES3 

MFES4 

MFES5 

MFES6 

MFES7 

MFES8 

MFES9 

MFES10 

MFES11 

MFES12 

MFES13 

MFES14 

Males 

[N=7) 

9.9(0.38) 
[10;9-10] 

10(0) 
[101 

10(0) 
[101 

10(0) 
[101 

10(0) 
[101 

10(0) 
[101 

10(0) 
[101 

10(0) 
[101 

10(0) 
(101 

10(0) 
[101 

10(0) 
[101 

10(0) 
[101 

10(0) 
[101 

10(0) 
rioi 

Females 

(N=19) 

9.5(1.5) 
[10;4-101 

9.2(1.7) 
[10;5-101 
8.8(2.2) 
[10;1-101 
9.2(1.4) 
[10;5-101 
9.6(0.7) 
[10;8-101 

9.7(0.65) 
[10;8-101 

9.1(1.5) 
[10;5-101 
9.4 (1.1) 
[10;7-101 

9.2(1.3) 
[10;6-101 

8.6(2.1) 
[10;4-101 

8.1(3.0) 
[10;1-101 
7.95(3.2) 
[10;1-101 

8.2(3.0) 
[10;0-101 

7.6(3.5) 
[10;0-101 

Data arereported as mean(standard deviation)[median,(range)] 
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Appendix17:Summary TableofFall Group Data AmongDiabetics 

TUG 

BBS 

BBS8f*} 

BBS12 (♦}
BBS13 

BBS14(*} 

VPT 

AS-VPT 

Strength right 
plantarflexors 

Strength left 
nlantarflexors 

Strength right 
dorsiflexors 

Strength left 
dorsiflexors 

Low falls 

CO or 1 fall) 
7.09(2.05) 

r6.3:4.42-12.65] 
r55:46-56] 
r4:3-4] 

[4; 2-4] 
[4;0-41 

[4; 1-41 

25.2(14.6) 
[21;7-50+1 
1.34(1.3) 

ri.06;-1.1-3.681 
4.4(0.69) 
[5;3.5-51 
4.4(0.69) 
[5;3.5-51 
4.9(0.32) 
[5;4-51 
4.8(0.37) 
[5;4-51 

High falls 
J>2falls) 
8.16(1.2) 

r8.1:6.26-10.11 

[50;47-561 

r3;3-41 

[3;3-41 

[3;1-41 

[2; 1-41 

33.6(13.5) 
[31; 15-49.51 

2.2(1.3) 
12.6;0.25-3.531 

4.2(0.57) 
[4;3.5-51 

4.2(0.57) 
[4;3.5-51 

4.6(0.53) 
[5;4-51 

4.6(0.53) 
[5;4-51 

1. Data arereported as mean(standard deviation)[median;{range}] 
2. {*}=significant difference 

https://15-49.51
https://r8.1:6.26-10.11
https://r6.3:4.42-12.65


119 

Appendix18: Summary Table ofFear GroupDataAmongDiabetics 
"Notfearful" "Fearful" 

BBS f*l [56:49-561 152:46-561 

TUG{*} 6.17(1.2) 
16.24:4.42-8.431 

8.6(1.7) 
18.3:6.22-12.651 

BBSSf*] 14:41 13:3-41 

BBS12{*} 

BBS13 

14:41 

14:0-41 

14:1-41 

13:0-41 

BBS14f*1 14:1-41 12:1-41 

VPT 23.7(13.8) 31.23(14.8) 
121:7-50+1 131:8.5-50+1 

AS-VPT 1.34(1.31) 1.81(1.44) 
[0.92:-0.25-3.531 11.87:-1.1-3.681 

Falls 0.23(0.60) 1.54(1.9) 
10:0-21 10:0-51 

Age 49(11.79) 
149:31-671 

53.1(10.73) 
155:32-691 

Duration ofdiabetes 13.2(9.7) 11.5(8.9) 

fin vears) 19:4-341 19:1-301 

Gender 86:37 14:63 

{%males:%females) 

1. Data are reported as mean(standard deviation)[median;{range}],unless 
otherwise indicated 

2. {*}=significant difference 
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Appendix19:Baw Data 

typediabetes durationdiabetesAS-VPT SWsubject group age VPT 2 ' 
4 42 24.5 2.24 4.62 

3013.68 6.6545 507 
50 2.85 4.96 2 6 

61 
2 

12 3
2.05 4.9364 4014 523.31 5.1332 311 2812.16 3.9634 212 622.53 5.3237 24.53 172 

5 44 41.5 3.23 6.28 
1 34

3.53 4.8444 476 222 
8 50 49.5 3.38 5.13 

1923.13 6.4554 509 1722.76 6.6558 4810 1822.6 560 4511 9
2 4.08 2 

69 4416 420.9 3.72
2 52 17.521 821.06 3.84
2 55 21 

1 
22 20 

2 56 12.5 -0.18 3.72 
26 102

66 21.5 0.56 4.31 
30 2 42-0.25 4.0231 7 

1 
17 2 19. 

36 12.5 0.92 3.61 
18 2 

2 
47 11.5 0.17 4.24 1 

19 2 42 
49 12.5 0.09 3.61 

20 2 125.46
2 55 24.5 1.43

23 928.5 -1.1 4.75
2 5524 15215 0.25 3.96 

28 2 57 

23.5 1.05 5.99 2 15 
2 58 

2 
29 2

1.44 3.72
2 67 3131 
2 67 19.5 0.33 3.84 2 8 

32 009.5 -0.29 3.72 
35 3 43 

10.5 -0.32 4.08 0 0 
3 50 

11 -0.21 3.72 0 039 

3 5140 000.5 3.72
3 36 10.533 00-1.55 3.2238 534 3 0 

36 3 44 17.5 1.17 3.61 0 

0 0 
9.5 -0.29 4.17

3 47 
0 

37 0-1.47 3.613 48 6.538 00-0.09 3.84
3 53 1341 

015 0.25 3.96 0 
3 55 

0 
42 0

-0.76 3.61
3 58 11 

0 
44 0 

3 59 8.5 -1.38 3.61 
46 00 

3 66 23.5 0.78 4.13 
47 00-0.42 3.7268 1648 3 
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Appendix19:(continued) 

fallcategory bmi mmse fearfal fearcategorygender BBS TUG falls 
21.3 28 1 

0low56 5.62male 
31.02 27 2 

0low55 6.22male 
40.01 25 1 

49 7.51 0lowmale 
26.51 27 2 

male 54 10.3 12 high 
19.69 27 2 

female 48 10.1 5 high 
25.95 28 1 

56 4.75 0low 
37.02 29 2

female 
0low12.7 

28.45 29 
female 46 

1 
female 55 6.87 0low 

high 25.16 29 1 
7.6 2 

high 22.11 28 
female 50 

2 
female 47 7.77 2 

31.76 27 
6.82 7high 3 

39.31 28 
female 55 

2 
female 50 7.94 0low 

36.2 30 
50 9.03 3 high 3 

25.76 28 
female 

2 
female 53 9.27 0low 

27.62 28 1 
56 4.69 0lowmale 

132.41 28low5.85 0 
23.42 24 

male 56 
1 

56 6.3 0lowmale 
1 

male 53 
30.19 26

6.24 1 low 
42.56 29 1 

female 56 5.77 0low 
26.56 25 1 

female 56 6.26 0low 
34.55 28 2 

55 8.46 0low 
26.64 30 1

female 
0low4.42 

45.68 
female 56 

female 52 8.26 2high 28 2 

37.11 27 2 
7.29 0low 

31.41 
female 56 

female 56 6.26 4 high 23 2 

31.22 26 2 
8.1 4 highfemale 52 

2 
female 46 

38.75 27
10.1 0low 

37.11 28 
52 8.43 0low 

34.6 29 
female 

5.6 0lowmale 56 
24.4 29 

male 56 5.22 2high 
24.26 28low7.9 1 
43.67 28 

male 56 
low6.4 0 

20.58 29 
female 56 

low6.63 0 
26.7 29 

female 56 
0low56 5.61 

29.51 28 
female 

56 5.59 0low 
23.44 28 

female 
56 5.24 0low 

28.4 29 
female 

female 56 5.12 2high 
32.33 27 

56 6.58 0low 
28.64 29 

female 
5.43 0low 

30 29 
female 56 

56 4.9 0low 
23.32 29 

female 

female 56 8.26 1 low 
1 

28.8 29
8.52 0lowfemale 56 

1 

2 

1 

2 

2 

1 

2 

1 

1 

2 

2 

2 

2 

2 

2 

1 

2 

2 

2 

2 

2 
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Appendix19:(continued) 

MFES1 MFES2 MFES3 MFES4 MFES5 MFES6 MFES7 MFES8 MFES9 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 5 1 7 10 10 7 7 7 
10 10 10 10 10 10 10 10 10 
g g 7 9 9 9 9 9 8 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
g 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 10 10 9 10 10 10 9 
10 10 8 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 10 5 10 10 5 10 10 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
g 10 10 10 10 10 10 9 10 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 9 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 9 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
10 10 8 10 10 10 10 9 10 
10 10 8 10 10 10 10 10 10 
10 10 10 9 9 10 9 9 10 
10 10 8 10 10 10 9 10 10 
10 7 7 10 10 10 10 8 6 
3 5 5 7 10 10 8 10 6 
4 5 8 7 8 8 8 8 8 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
7 8 8 8 8 8 6 7 7 
10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 
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Appendix19:(continued) 

MFES10 MFES11 MFES12 MFES13 MFES14 BBS1 BBS2 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

5 1 1 5 1 

10 10 10 10 10 

9 9 9 8 9 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

9 10 10 10 9 

10 5 5 10 5 

10 10 10 10 10 

10 10 10 10 10 

5 7 7 3 3 

10 10 10 10 10 

10 10 10 10 10 

10 10 9 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 9 10 

10 8 8 9 8 

10 10 10 10 10 

10 10 10 9 9 

9 10 10 10 10 

5 3 3 6 6 

9 6 6 6 3 

8 5 2 4 3 

10 10 10 10 10 

10 10 10 10 10 

4 4 4 0 0 

10 10 10 10 10 

10 10 10 10 10 
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Appendix19:(continued) 

BBSS BBS4 BBSS BBSS BBS7 BBSS BBSS 
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Appendix19:(continued) 

BBS10 BBS11 BBS12 BBS13 
130 1304 4 

125 1284 3 

110 1150 1 

4 120 1224 

1 110 1082 

3 118 1304 

2 120 1152 

2 120 120 

4 

3 

4 120 122 

4 120 1254 

4 125 1284 

120 1152 

4 118 1204 

4 124 124 

4 4 

4 
115 120 

130 1304 4 

112 1154 4 

110 112 

1 

0 

115 115 

110 108 

4 4 

4 4 

122 124 

108 1084 4 

110 1084 4 

116 1154 4 

4 110 1124 

4 120 1204 

4 110 1124 

4 120 118 

4 4 

4 
112 112 

114 1164 4 

120 1204 4 

120 1204 4 

120 1201 1 

124 1221 1 

130 1281 2 

115 1224 3 

115 1124 1 

115 1153 2 

115 1204 4 

120 1203 3 

122 124 

4 4 

4 4 

114 118 
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Appendix 19:(continued) 

ROMrgtknee ROMIftknee ROMrgtdf ROMIftdf ROMrgtmt ROMIftmt 
125 130 12 13 70 60 

130 132 11 12 50 55 

110 120 12 10 45 50 

125 130 12 10 50 50 

110 105 8 10 60 60 

125 135 13 12 60 55 

130 128 10 12 60 55 

140 135 10 10 50 50 

122 124 10 10 60 55 

130 130 11 10 60 55 

120 130 10 12 65 70 

120 122 13 17 50 45 

118 125 12 10 50 50 

132 130 12 12 60 55 

118 122 8 10 65 60 

122 124 10 12 60 60 

115 115 11 10 50 50 

110 110 10 10 45 50 

114 120 8 10 60 55 

125 125 11 12 60 60 

140 142 12 13 65 60 

126 122 6 8 55 50 

150 145 10 7 60 65 

138 136 12 10 55 60 

130 134 11 12 55 55 

132 136 8 10 65 60 

134 130 14 14 60 60 

130 134 9 10 65 65 

134 130 9 10 60 65 

142 144 8 10 65 65 

136 130 9 10 60 55 

120 124 12 12 60 65 

120 135 11 10 60 60 

125 130 8 8 55 60 

140 138 14 14 55 50 

110 115 12 14 65 60 

112 110 8 10 50 60 

110 120 12 11 40 40 

122 124 11 12 65 65 

120 125 12 15 50 50 

142 144 8 8 65 65 

140 142 18 18 65 70 
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Appendix 19:(continued) 

strrgtknee strlftknee strrgtpf strlftpf stnrgtdf strlftdf strrgttoefl 
5 5 3.5 4 5 5 5 

5 5 5 5 4 

3.5 
5 5 

3.5 3.5 5 5 

5 5 5 
5 5 

55 5 

4 4 3.5 3.5 4 4 3.5 

5 5 

5 

4 4 5 5 5 

5 5 3.5 3.5 5 5 5 

5 5 5 5 5 5 4 

55 5 5 5 

5 5 

5 5 

5 5 5 5 5 

5 5 54 5 5 5 

5 5 5 5 5 5 5 

55 5 5 5 

5 5 5 5 
5 5 

5 5 5 

5 4 4 3.5 5 5 5 

55 5 5 5 

4 5 
5 5 

5 5 5 5 5 

4 4 3.5 3.5 4 4 3.5 

44 4 5 5 

5 5 5 
5 5 

5 5 5 5 

5 5 5 5 5 55 

5 5 5 5 5 5 5 

55 5 5 5 

5 5 5 5 
5 5 

5 5 5 

5 5 55 5 5 5 
55 5 5 5 

5 5 
5 5 

5 5 5 

5 5 5 5 
5 5 

5 5 5 

5 55 5 5 

5 
5 5 

5 5 5 5 

5 

5 5 

5 3.5 4 5 5 5 

5 3.5 3.5 5 5 5 

5 4 4 4 4 4 4 

4 

5 

4 4 5 5 

5 5 5 
5 5 

5 5 5 5 

5 5 4 4 4 4 3 

44 4 4 4 

4 
4 4 

5 3.5 3.5 5 5 

5 5 5 5 5 5 5 

4 4 

5 

4 4 4 

5 5 
5 5 

55 5 5 

5 5 4 4 4 4 5 
5 
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Appendix 19;(continued) 

strlfttoefl strrgttceext strifttoeext 
5 5 5 
4 3.5 3.5 

3.5 3.5 3.5 
5 5 5 

3.5 3.5 3.5 
5 5 5 
5 5 5 
4 4 4 

5 5 5 
5 5 5 
5 5 5 
5 5 5 
5 5 5 
5 5 5 
5 5 5 
5 5 5 
5 5 5 

3.5 3.5 3.5 
4 4 4 

55 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 

5 
5 

5 
5 

5 
5 

3.5 
5 

3.5 
4 

3.5 
4 

5 
4 

5 
4 

5 
4 

4 
3 

4 
4 

4 
4 

5 
4 

5 

4 
5 

4 
5 

4 

5 
5 

5 
55 
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