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ABSTACT 

 

This study evaluated the impact of HIV induced Peripheral neuropathy (HIV-PN) on gait parameters and frequency 

of falls among 69 patients (25males, 44 females).A convenient sampling technique was employed. Participants were 

screened of PN using the HIV-brief PN tool, which comprises tests of subjective symptom, vibration sense and 

reflex. Vibration perception was examined using 128Hz tuning fork, and ankle reflex was examined with the aid of 

tendon hammer, in supine position. Measurement and analysis of gait parameters were done with the aid of 10-meter 

walking test and an invented comparative velocity field diagram respectively. Results showed that 45(65%) of the 

participants had PN of mild to moderate degree. The PN differed significantly one from another in gait speed 

(P<0.05), step length (P<0.05), stride lengths (P<0.05) and stride velocity (P<0.05), irrespective of the walking pace. 

At fast walking pace, however, participants with mild or moderate PN differed significantly from those without PN 

in terms of cadence (P<0.05) and stride frequency (P<0.05). Having moderate loss of vibration sense or subjective 

symptom grade 2 increased the odd of fall by 10% (P=0.048, OR=0.1) and 80% (P=0.004, 0.8) respectively. PN 

predisposes to gait deficits, and falls especially as walking pace increases.  
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INTRODUCTION 
 

Peripheral neuropathy (PN) is one of the most 

common neurological complications of Human 

Immune Virus (HIV) .infection (Nwabueze et al., 

2013, Keswania et al., 2012). It is common at all 

stages of human immunodeficiency virus infection 

and causes considerable morbidity with symptoms 

like 'aching', 'painful numbness', or 'burning' sensation 

(Keswania et al., 2012). Its symptoms are usually 

most severe on the soles of the feet, and are typically 

worse at night (Keswania et al., 2012). Before the 

introduction of the pre-Highly Active Antiretroviral 

Therapy (HAART) in 1995, global estimate of 

prevalence of HIV-Sensory Neuropathy (HIV-SN) 

among patients with Acquired Immune Deficiency 

Syndrome (AIDS) was 35% (Schifitto et al., 2001).  

 

However, in the post-HAART era, the prevalence of 

HIV-SN has increased to between 50% and 60% 

(Luma et al., 2012; Maritz et al., 2010). This increase 

has been attributed partly to the use of HAART and 

partly to the different definitions of HIV-SN 

(Robinson-Papp et al., 2012). Some studies defined 

HIV-SN as one clinical sign (e.g. reduced ankle 

reflexes or reduced pinprick sensation or reduced 

vibration sensation in the feet), while some required 

two clinical signs, and others used validated screening 

or diagnostic instruments (Robinson-Papp et al., 2012; 

Anziska et al., 2012).  

 

In Africa, prevalence of HIV-SN has been reported 

(Parry et al., 1997; David et al., 2014). In Nigeria, 

prevalence of HIV-SN has been reported to be 38% or 

39% (Osinaike et al., 2012; Anastasi et al. 2013). 

HIV-PN alters peripheral functioning and it’s 

characterized by symptoms like ‘aching’, 'painful 

numbness', or 'burning' sensation and Achilles’ tendon 

reflex (Keswania et al., 2012). These alterations in 

peripheral functioning may result in concomitant 

alteration in gait leading to loss of balance, difficulty 

walking, limited physical activity and falls (Studenski 

et al., 2011). 

 

Gait is a complex brain process that involves the 

integration of motor, sensory, and cognitive processes, 

including memory, attention, and executive functions 

(Watson et al., 2010). It is a strong indicator of health, 

and poor gait is associated with higher mortality, 

morbidity, and risk of falls (Maki1997; Nakamura et 
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al., 1997; Rapp et al., 2012). Gait parameters 

represent predictive indicators of fall-risk in people 

with balance problem (Latash, 2008). Gait deficits are 

among the leading risk factors for falls in both 

community dwelling and institutionalized older adults. 

These deficits may result in difficulty crossing a 

street, incontinence accidents, or cause people to rush 

more than usual and may further escalate their 

instability and risk of falling (Stuart and Rose, 1998). 

Even mild deficit in parameters of gait affects 

functional mobility. For example, reduction in 

walking speed impedes one’s ability to navigate 

between two points in a timely manner (Stuart, & 

Rose 1998). 

 

The capability to execute walking efficiently either as 

an essential activity of daily living, prescribed therapy 

or skilled occupation is based, in part, on intact 

cognition, one’s perceived self-efficacy and efficient 

biofeedback (Stuart and Rose, 1998; Manning et al., 

1997; Deborah et al., 2005). This suggests that gait is 

polygenically determined by interplay of network of 

forces ranging from neuronal to psychosocial 

mechanisms (Harischandra et al., 2015). Neuronally, 

much credence has been attributed to the central 

patterns as sole determinant of gait pattern with little 

or no regards to the role of sensory input (Stuart and 

Rose 1998). 

 

The role of peripheral inputs during walking activity 

is not completely understood (Guertin et al., 1995), 

however, it is not doubtful, in non-pathological cases, 

that the control system requires those sensory inputs 

for successful and efficient progressions during 

locomotion (Guertin et al., 1995; Pearson 1995; 

Gordon et al., 2008). Intact sensory integrity plays 

important role in walking, though its part must be 

regulative not causative (Guertin et al., 1995; Pearson, 

1995). Basically, the roles of sensory inputs include 

modulating and adapting central pattern to 

environmental constraints or obstacles, reinforcement 

in generation of muscle torque etc. (Gordon et al., 

2008). For instance, small fibre neuropathy which is 

characterized by pain, paraesthesia/numbness results 

in insufficient joint torque and ground reaction force 

leading to antalgic gait and slapping gait 

abnormalities respectively (Nordqvist, 2015). Also, 

large fibre neuropathy characterized by reduced joint 

proprioception should result in sensory ataxia and 

consequent postural instability, stamping gait and 

increased risk for fall (Erlandson et al., 2012). 

Although PN causes loss of protective function and 

puts patients at elevated risk for foot injury and falls, 

gait assessment and foot care for people with 

HIV/AIDS is often overlooked (Studenski et al., 

2011;Krucik, 2013). This could be attributed to scanty 

research regarding the impact of HIV-PN on gait and 

frequency of falls. The study was therefore designed 

to evaluate the impact of HIV-PN on gait parameters 

and frequency of falls. 

 

MATERIALS AND METHODS 

 

Study Area: The study took place in University of 

Nigeria Teaching Hospital and Enugu State University 

Teaching Hospital, Enugu.  

 

Participants’ description: HIV-seropositive 

individuals who attended the PEPFAR HIV clinics of 

the above mentioned teaching hospitals.  

 

Sample procedure: A convenient sampling technique 

was employed in this study. 

 

Sample size: Considering the degree of freedom for a 

three groups (df) (nil neuropathy, mild neuropathy, 

moderate neuropathy), from cohen table, a post-study 

power analysis showed that to detect an effect size of 

1.0, at a power (β) of 0.9 and 0.05 level of 

significance, a minimum sample of 66 subjects would 

be required (Cohen 1988). However, a total of 69 

HIV-seropositive individuals were recruited into the 

study. 

 

Inclusion criteria: The inclusion criteria included 

being HIV seropositive, between ages 18-65yrs, and 

being able to walk distance of 10meters independently 

with or without support. 

 

Exclusion criteria: The following constituted criteria 

for exclusion in the study- being older than 65 years, 

having severe osteoarthritis of the lower limb joints as 

defined by Krucik (Simpson et al. 2006), recent head 

injury, psychosis, hearing loss and/or recent soft tissue 

injury. Informed consent was sought and obtained 

from each participant.  

 

Participants of the study: HIV seropositive 

individuals with or without peripheral neuropathy who 

were capable of independent ambulation with or 

without support. Participants’ socio-demographic and 

anthropometric characteristics such as sex, age, 
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marital status, presence of joint pain of mild to 

moderate degree, history of fall, years since HIV and 

duration on HAART were collected. Ethical clearance 

was obtained from the Research Ethical Review 

Committee, University of Nigeria Teaching Hospital, 

Enugu. 

 

Assessment of HIV-PN: HIV-PN was assessed using 

the brief PN tool (BPNST). This is a validated tool 

used in screening for PN. It provides a quick and easy 

assessment of neuropathy at the bedside and does not 

require neurophysiologic testing. It has sensitivity and 

specificity range of 35%–49% and 88%–90% 

respectively, with a positive predictive value of 72% 

(Ellis et al., 2005; Cherry et al., 2005). The BPNST 

assesses subjective symptoms and objective signs of 

PN. The BPNST rates presence and severity of 

subjective symptoms for each leg separately, using a 

scale of 1(mild) to 10 (severe), including pain, aching, 

or burning in feet and/or legs, pins and needles in feet 

and/or leg, and numbness in feet and/or legs. 

Secondarily, the objective signs were assessed using 

128Hz tuning fork and reflex hammer and scored as 

follows. In scoring subjective symptoms: The highest 

of the six scores (3 for each leg) was converted to a 

subjective PN grade as follows: symptoms absent 

(grade 0), score 1-3 (grade 1), score of 4-6 (grade 2) 

and score of 7-10(grade 3) (Mehta et al., 2011). 

 

Diagnostic Criteria for HIV-PN: In this study, PN 

was diagnosed as presence of at least two of the 

distally predominant PN signs. This is in line with 

(Anziska et al., 2012; Devigili et al., 2008; Jan-

Willem et al. 2005). These signs include pain, aching 

or burning, pins and needle, diminished reflex, and 

altered sensation. Small fibre PN is diagnosed by the 

presence of at least two of these symptoms: pain, 

aching or burning in feet/legs, pins and needles in 

feet/legs and numbness (lack of feeling) in feet/legs 

(Anziska et al., 2012), while large fibre PN is 

diagnosed by the presence of at least two of the 

symptoms of loss of joint position sense, reduced or 

absent deep tendon reflex, insensibility to light touch 

and loss of vibration sense (Devigili et al., 2008; Jan-

Willem et al., 2005). 

 

Assessment of vibration perception: The 128Hz 

Gardiner Brown medical tuning fork is designed for 

diagnosing sensory/PN by testing for vibration 

perception. Tuning fork vibration sense was defined 

as normal for a vibration felt for more than 10 

seconds, mild loss for 6-10 seconds and moderate loss 

for ≤5 seconds and severe loss for no feeling of 

vibration. It has accuracy of 78.9%. Use of the 128-Hz 

tuning fork is a valid and reliable test for screening 

purposes and manageable in clinical practice. 

 

The accuracy, sensitivity and specificity of vibration 

testing for PN have been estimated to be 78.9, 53 and 

99 percent respectively (Jayaprakash et al., 2011). 

Vibration perception was scored following Jan-

Willem et al. (Jayaprakash et al., 2011), with score of 

0 = felt >10 seconds (normal), 1 = felt 6-10 seconds 

(mild loss), 2 = felt <5 seconds (moderate loss), 3 = 

not felt (severe loss) and 8 = unable to or did not 

assess. In this study, participants were made to sit in a 

chair facing the seated examiner, and with their foot 

wear removed. The examiner lifted each participant’s 

foot to rest on his lap using his left hand. Using the 

right hand, the 128Hz turning fork was maximally 

struck on wooden object and applied to the distal 

interphalangeal joint of the hallux of the participants’ 

foot. Participant was earlier asked to say ‘STOP’ 

when he/she does not feel the vibration any longer. 

The duration for which vibration was felt was 

recorded using a stop watch. Vibration sense was 

defined as normal for a vibration felt for more than 10 

seconds, mild loss for 6-10 seconds and moderate loss 

for ≤5 seconds and severe loss for no feeling of 

vibration. 

 

Assessment of Achilles tendon reflex: This was used 

to assess the integrity of participant’s ankle reflex. 

Ankle reflexes will be defined as absent, hypoactive, 

normal and hyperactive or clonus. The inter-rater 

reliability analysis showed a high correlation between 

examiners for deep tendon reflex using reflex hammer 

(ICCs 0.91–0.96) (Yong-wok, 2015).Scoring:0= 

absent; 1= hypoactive; 2= normal reflex response; 3= 

hyperactive; 4= clonus; 5= unable to or did not assess. 

Participants were asked to assume high sitting 

position in a couch with the ankle relaxed. The ball of 

the foot was supported by putting some tension in 

Achilles tendon without completely dorsiflexing the 

ankle using the examiner’s left hand. The Achilles 

tendon was gently struck to elicit jerk-like response. 

Whenever no response was obtained, participant was 

asked to clench his/her fist with the ankle reflex then 

retested before classifying reflex as absent. Total 

absence of ankle reflex with reinforcement was 

regarded as an abnormal result. 
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Measurement and Analysis of Gait parameters: 

The 10 m walk test (10mWT) was the tool used to 

evaluate the spatial, temporal, and kinematic attributes 

of gait (Markides, 2001). It is one of the widely 

method of evaluation of mobility and gait pathology. 

Internal consistency (ICC) of timed walking tests 

(time measured with a stopwatch, step count for the 

10MWT) ranged from 0.89–0.97 (Novaes1 et al. 

2011). ICCs of temporo-spatial gait parameters ranged 

from 0.81–0.95 (10MWTprefered) and from 0.61–

0.90 (10MWTmax) (Graser et al., 2016). To eliminate 

the acceleration and deceleration components, the 

volunteers were instructed to begin walking 2m before 

the beginning of the course and to finish 2m after the 

end of the course at usual speed. Two tests were 

carried out to minimize learning effect, and the 

average was used for data analysis. Walking speed in 

meters/second was obtained by dividing the timed 

sequence by the elapsed time. A single examiner 

using a stopwatch recorded the walking time of all 

participants and registered the number of steps and 

strides taken during the course. The number of steps 

taken during the timed sequence by the elapsed time 

was counted, and cadence was calculated as number 

of steps divided by the elapsed time. The participants 

were asked to repeat the procedure at slow walking 

speed (velotype 2) and fast walking speed (velotype 

3). For each participant, at different walking speed, 

gait parameters were calculated as follows: Stride= 

[2*number of step], stride length, λ= [distance/number 

of stride], stride duration= [time taken/number of 

stride], stride frequency, f= [1/stride duration] and 

stride velocity= [f λ]. 

 

A summary regression plot, the comparative field 

diagram was invented to evaluate interaction of gait 

parameters, and compare such interaction between 

fallers and non-fallers first, and then among 

participants groups: nil PN, mild and moderate PN. It 

is a plot of stride length, stride velocity and stride 

frequency against velotype (walking pace category). 

In this study, the comparative velocity field diagram 

was used to further elucidate the likelihood of fall in 

participants with HIV-PN. Velocity field diagram has 

been used by Eke-Okoro (1989) to predict falls in 

community dwelling older adults. The difference 

between the former and the later is that the former, the 

comparative field diagram comprises two independent 

but summative plots. The first plot (fallers versus non-

fallers) provides a yardstick for the interpretation of 

2nd plot, which provides comparative gait analysis 

among the disease groups namely Nil PN, mild and 

moderate PN. This means that plot 2 was interpreted 

with plot 1 in view. Though its validity and reliability 

in predicting of fall in disease conditions is yet to be 

tested, its result, to a large extent, is consistent with 

those obtained by analysis of variance and 

independent sample t-test. 

 

Data Analysis: Data analysis was done using the 

Statistical Package for Social Sciences (SPSS) version 

22. Descriptive statistics was used to summarize the 

socio-demographic characteristics, occurrence of PN 

and self-reported history of fall. Chi square test was 

used to test for difference in proportion of occurrence 

of fall among participants with nil PN, mild PN and 

moderate PN. One-way Analysis of Variance was 

used to test for differences in gait parameters among 

HIV-seropositive persons with no PN, mild PN and 

moderate PN. Independent sample t-test was used to 

compare gait outputs of fallers and non-fallers. Gait 

analysis was aided with use of comparative velocity 

field diagram. Hierarchical regression was used to 

examine the impact of PN on frequency of falls in 

PLWH.  

 

RESULTS 

 

A total of 69 (25males, 44 females) HIV-seropositive 

individuals participated in this study. More than half 

(75%) of the participants were ≤50 years. The modal 

age class was ≤30years (39.1%). Seventeen (24.6%) 

of the participants reported an experience of fall. 

Forty two (60%) participants have had HIV within 

5years ago, 20 (29%) have had the virus for period 

between 6-10years, while 2 (2.9%) have had the virus 

for more than 10years. More than half (56.5%) of the 

participants have been on HAART for period between 

1-5years, 20 (29%) have been on HAART for 6-

10years while 2 (2.9%) have been on HAART for 

period >10years. Approximately one-fifth of the 

participants had experience fall since the last visit to 

clinic (Table 1). 

 

Forty-one (59%) of the participants had sensory 

neuropathy (pain, aching, burning, pins and needle, 

and/or numbness. Of this, mild neuropathy and 

moderate neuropathy numbered 18(26.1%) and 

23(33.3%) respectively. Approximately 48% of the 

participants had impaired vibration sense of mild to 

moderate degree. The prevalence of dysreflexia was 

46.4%, with hyporeflexia (hypoactive) and areflexia 
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(absent) numbering 30(37.7%) and 13(8.7%) 

respectively. Overall, 45(65%) of the participants had 

PN of mild to moderate degree (Table 2A and 2B). 

Cross-examination of the factors associated PN in 

HIV-seropositive individuals reveals age as the most 

important factor (X2 =59.536, P<0.05), followed by 

years since HIV (X2=38.438, P<0.05), duration of 

HAART (X2=35.457, P<0.05), diabetes (X2=17.853, 

P<0.05) and sex (X2=17.85, P<0.05). 

 

 

Table 1: Socio-demographic and clinical characteristics of participants 

 

 

  

  

Characteristics 

 

Frequency 

 

Percent (%) 

 Age (yrs)   

 ≤30 27 39.1 

 31-40 15 21.7 

 41-50 12 17.4 

 51-60 11 15.9 

 >60 4 5.8 

 Sex   

 Male 25 36.2 

 Female 44 63.8 

  

Duration of 

illness (yrs) 

  

 0-5 42 60.9 

 6-10 20 29.0 

 11-15 5 7.2 

 Missing 2 2.9 

  

Duration of HAART (yrs) 

  

 <1 6 8.7 

 1-5 39 56.5 

 6-10 20 29.0 

 >10 2 2.9 

 Missing 2 2.9 

  

Self-reported history of fall 

  

 Fallers 17 24.6 

 Non-fallers 52 75.4 
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Table 2A: Distribution of participants based on PN 

status using the brief PN tool, and Factors 

associated with peripheral HIV-neuropathy 

 

Domain Frequency Percent 

  

Symptoms 

  

Nil 28 40.6 

Mild sensory 

neuropathy 

18 26.1 

Moderate sensory 

neuropathy 

23 33.3 

Severe sensory 

neuropathy 

- - 

Vibration perception   

Normal 36 52.5 

Mild loss 22 31.9 

Moderate loss 11 15.9 

Severe loss - - 

Achilles’ tendon 

reflex 

  

Normal 37 53.6 

Hypoactive 26 37.7 

Absent 6 8.7 

Overall PN status   

Nil 23 33. 

Mild 21 304 

Moderate 24 34.8 

Missing 1 1.4 

 

 

Table 2B: Factors associated with fall in their 

other of importance 

 

 PN status 

Age (years) Nil PN Mild PN Moderate  

PN  X2 

P 

≤30 22 4 1 59.536 0.000* 

31-40 4 9 2   

41-50 - 1 11   

51-60 - 3 8   

>60 - 2 2   

Years since 

HIV(years) 

     

≤5 26 13 3 38.438 0.000* 

6-10 - 5 15   

11-15 - 1 4   

HAART 

duration(y

ears) 

     

<1 5 1 - 35.457 0.000* 

1-5 21 13 5   

6-10 - 5 15   

>10 - - 2   

Diabetes      

Yes 2 3 14 17.853 0.000* 

No 24 16 10   

Sex      

Male 13 8 4   

Female 13 11 20 6.393 0.041 

 

 

Analysis of variance shows, at regular walking speed, 

significant differences in step and stride length among 

participants with nil PN, mild PN, and moderate PN 

(P<0.05), with each group differing significantly one 

from another (P< 0.05) except for stride velocity where 

participants with mild PN and moderate PN did not 

differ from each other significantly (P>0.05). Analysis 

of variance shows, at slow walking speed, significant 

differences in walking speed, step length and stride 

length among participants with nil PN, mild PN and 

moderate PN (p<0.05), with each group differing 

significantly from one another (P<0.05). In velotype 3, 

significance differences (P<0.05) were found in all 

parameters of gait except for step and stride durations 

(P>0.05). Regarding walking speed, step and stride 

lengths, each of the participants groups differed 

significantly from each other (P<0.05), while differences 

in cadence, stride frequency and stride velocity were 

found only between nil PN group and each of mild PN 

and moderate PN (P<0.05) (Table 4). 

. 
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Analysis of variance reveals, at regular and slow 

walking speed, significant differences in walking 

speed, step length, stride length, stride length and 

stride velocity between fallers and non-fallers, with 

fallers exhibiting slow walking speed and stride 

velocity, short step and stride length (P< 0.05). At 

fast walking pace, similar result was obtained in 

addition to significant difference in cadence and 

stride frequency (P< 0.05). 

 

Table 4: Comparison of gait parameters between fallers and non-fallers 

 

 Fallers Non-fallers   

Parameter Mean±SD Mean±SD t P 

 

SLOW 

    

Cadence 58.86±14.28 54.56±8.41 1.172 0.246 

Walking speed 0.79±0.17 0.65±0.07 3.365 0.001* 

Step length 0.84±0.21 0.72±0.12 2.182 0.033* 

Stride length 1.64±0.40 1.33±6.31 2.950 0.004* 

Step duration 1.07±0.24 1.13±0.19 -0.795 0.430 

Stride duration 2.15±0.48 2.25±0.36 -0.763 0.448 

Stride frequency 0.49±0.122 0.45±0.087 1.282 0.204 

Stride velocity 0.78±0.18 0.58±0.16 3.943 0.000* 

 

REGULAR 

    

Cadence 68.11±12.47 61.34±11.81 1.969 0.053 

Walking 1.17±0.39 0.86±0.19 3.100 0.003* 

Step length 1.05±0.30 0.85±0.11 2.639 0.010* 

Stride length 2.10±0.61 1.75±0.34 2.639 0.030* 

Step duration 0.92±0.22 1.02±0.21 2.212 0.097 

Stride duration 1.84±0.45 2.04±0.42 -1.682 0.106 

Stride frequency 0.57±0.11 0.51±0.10 -1.640 0.071 

Stride velocity 1.18±0.37 0.89±0.23 1.832 0.005* 

 

FAST 

    

Cadence 76.16±18.0 63.14±16.45 2.643 0.010* 

Walking 1.46±0.58 1.01±0.29 3.069 0.003* 

Step length 1.12±0.53 0.98±0.18 1.675 0.999 

Stride length 2.19±0.65 1.96±0.36 1.362 0.178 

Step duration 0.84±0.21 1.01±0.29 -2.720 0.008* 

Stride duration 1.67±0.42 2.02±0.58 -2.725 0.008* 

Stride frequency 0.64±0.15 0.52±0.13 2.962 0.004* 

Stride velocity 1.40±0.55 1.01±0.27 2.766 0.007* 

 

*: significant at α=0.05 
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The regression plot shows comparative and 

summative analysis of gait parameters between 

fallers and non-fallers. In terms of stride length and 

velocity, both fallers and non-fallers showed stable 

transition moving from velotype 1 to velotype 3. The 

actual difference between fallers and non-fallers was 

found in stride frequency; while non-fallers showed 

stable change in stride frequency with increasing 

walking speed, fallers showed constant (reluctance to 

change in) stride frequency as walking speed 

increases from velotype 2 to 3 (Figure 1). In this 

figure, reluctance region (RR) is marked by dotted 

lines (brakes) to show unwillingness to accelerate by 

improving stride frequency

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RR=reluctance region; SL=stride length; SV=stride velocity; SF=stride frequency; PN=peripheral neuropathy 

 

Figure 1: Regression plot 1 showing comparative and summative analysis of gait parameters between fallers 

and non-fallers 

 

Comparative examination of the interaction of gait 

parameters among participants with no PN, mild and 

moderate PN shows a similar and consistent increase 

in stride length throughout the velotypes. However, 

moving from V2 to V3, participants with mild PN 

had challenge altering their stride length. Regarding 

stride velocity, participants with no PN or mild 

neuropathy show stable transition in stride velocity at 

varying walking speeds, while those with moderate 

PN exhibited constant (reluctance to change in) stride 
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velocity from velotype 2 to 3. In terms of stride 

frequency, participants with mild or moderate PN 

showed constant stride frequency at different points. 

For participants with mild PN, difficulty with 

changing stride frequency occurred when moving 

from velotype 1 to velotype 2, while participants with 

moderate PN had similar challenge moving from 

velotype 2 to velotype 3. Reluctance region is marked 

by dotted lines to show unwillingness to accelerate or 

decelerate beyond preferred walking pace (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RR=reluctance region; SL=stride length; SV=stride velocity; SF=stride frequency; PN=peripheral neuropathy 

 

Figure 2: The regression plot shows comparative and summative analysis of gait parameters among 

participants with nil PN, mild PN and moderate PN 

 

 

Logistic regression shows vibration perception and 

subjective symptoms to be independent predictors of 

fall in people living with HIV-PN; having moderate 

loss of vibration sense and subjective symptom grade 

2 (moderate sensory neuropathy) increased the odd  

of  experience  fall  by  0.1  (P=0.048,  OR=0.1)  and  

0.8  respectively  (P=0.006,  ∆-2-

loglikelihood=11.183, OR =0.8) (Table 7). 

. 
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Table  7:Stepwise  forward  logistic  regression  showing  degree  of  contribution  of  various components  

of PN to falls 

 

 P OR (%) 

   

 

Step 1 

  

Intact vibration sense¶   

Mild loss 0.004 0.038 

Moderate loss 0.048 0.1 

 

Step 2 

  

Nil subjective symptom¶   

Subjective symptom grade 1 0.998 0.000 

Subjective symptom grade 2 1.000 1.000 

Intact vibration sense¶   

Mild loss 0.269 0.2 

Moderate loss 0.048 0.1 

 

Step 3 

  

Nil subjective symptom¶   

Subjective symptom grade 1 0.998 0.000 

Subjective symptom grade 2 0.891 0.889 

 

 

 

  model log likelihood ∆-2-log likelihood P 

Step 1 Vibration -21.254 9.646 0.008 

Step 2 Vibration -16.431 6.034 0.048 

 Subjective -15.662 4.497 0.106 

 

Step 3 Subjective -21.254 11.183 0.004 
 

¶: reference category. 
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DISCUSSION 

 

The finding that HIV-seropositive individuals with 

mild or moderate PN had slower gait speed, shorter 

step length and stride length compared to those 

without PN, irrespective of walking pace supports the 

theory that afferent inputs from plantar 

mechanoreceptors, proprioceptors and tendon organ  

 

 

 

receptors are essential in bipedal ambulation. This is 

consistent with findings of (Alfuth and Rosenbaum, 

2012; Kavounoudias et al., 1998; Aruin 2016; Quach 

et al., 2011; Takakusaki  et al., 2017). The human 

gait is characterized by series of alternate and 

sequential steps leading to forward propulsion of the 

centre of gravity (Winter 1989). The ability to remain 

upright involves an intricate sequence of motor and 

sensory feedback mechanisms. Sensory detection of 

the body in space from visual, vestibular, 

Parameter Nil PN Mild PN Moderate PN  Total   

 Mean±SD Mean±SD Mean±SD Mean±SD F P 

SLOW  

 

54.47±12.67a 

 

 

55.40+7.49a   62.48±16.15a 

   

Cadence(steps/min) 57.88±13.13 2.74 0.072 

Walking speed (m/s) 0.89±0.16a 0.72±0.13b 0.64±0.05c 0.75±0.16 25.61 0.000* 

Step length (m) 0.98±0.11a 0.78±0.14b 0.65±0.17c 0.81±0.19 33.86 0.000* 

Stride length (m) 1.88±0.24a 1.56±0.28b 1.23±0.35c 1.56±0.40 31.77 0.000* 

Step duration (s) 1.45±0.27a 1.33±0.26a 1.21±0.26a 1.33±0.28 5.32 0.007* 

Stride duration(s) 2.31±0.49a 2.21±0.32a 2.02±0.49a 2.18± 0.45 2.41 0.098 

Stride frequency 0.45±0.11a 0.47±0.06a 0.52±14a 0.48± 0.12 2.28 0.110 

Stride velocity(m/s) 0.84±0.19a 0.74±0.16a 0.60±13b 0.73±0.19 12.76 0.000* 

REGULAR  

 

67.88 ±12.86a 

 

 

63.46±12.61 67.75±12.60a 

   

Cadence 66.47±12.66 0.84 0.430 

Walking speed (m/s) 1.42±0.3a 0.99±0.29b 0.82±0.17b 1.09±0.37 33.46 0.000* 

Step length (m) 1.26±0.18a 0.94±0.21b 0.76±0.18c 0.99±0.28 44.41 0.000* 

Stride length (m) 2.51±0.35a 1.90±0.43b 1.57±0.44c 2.01±0.57 34.64 0.000* 

Step duration (s) 0.92±0.23a 0.96±0.21a 0.96±0.21a 0.94±0.22 0.31 0.73 

Stride duration(s) 1.86±0.5a 1.97±0.44a 1.85±0.39a 0.48±0.45 0.49 0.616 

Stride frequency 0.56±0.11a 0.52±0.11a 0.56±0.11a 0.55±0.11 0.78 0.461 

Stride velocity(m/s2) 1.42±0.31a 1.03±0.29b 0.85±0.21b 1.29±0.36 27.17 0.000* 

FAST  

 

81.84±21.09a 

 

 

68.65±17.69b 67.99±13.46b 

   

Cadence 72.88±18.53  6.50 0.015* 

Walking speed (m/s) 1.85±0.44a 1.24±0.46b 0.93±0.22c 1.35±0.55 7.03 0.000* 

Step length (m) 1.35±0.23a 1.0±0.22b 0.87±22b 1.09±0.31 30.61 0.000* 

Stride length (m) 2.60±0.53a 2.08±0.44b 1.69±0.44c 2.13±0.60 20.96 0.000* 

Step duration (s) 0.79±0.23a 0.94±0.24a 0.94±0.24a 0.88±0.25 3.22 0.046* 

Stride duration(s) 1.57±0.47a 1.90±0.55a 1.85±0.42a 1.77±0.49 3.12 0.051 

Stride frequency 0.68±0.19a 0.57±0.14b 0.57±0.11b 0.61±0.15 4.55 0.014* 

Stride velocity(m/s2) 1.77±0.48a 1.18±0.39b 0.93±0.22b 1.29±0.52 30.24 0.000* 
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proprioceptive and auditory cues provide feedback to 

allow independent mechanical adjustments in posture 

(Quach et al., 2011). As found in this study, the 

various deficits in gait parameters including slowed 

gait speed and cadence and step length have been 

associated with peripheral neuropathy and increased 

risk of falls in the elderly (Takakusaki et al., 2017; 

Callisaya  2016). According to (Quach et al. 2011), 

there is a nonlinear relationship between gait speed 

and falls, with a greater risk of outdoor falls in fast 

walkers and a greater risk of indoor falls in slow 

walkers. The decrease gait output found in this study 

could be attributed to impaired dynamic balance and 

fear of fall following decreased somatosensation 

(Manor et al., 2008). 

 

The study shows that fallers possess similar gait 

characteristics as participants with HIV-PN, thus 

suggesting HIV-PN as the cause of both gait 

impairment and consequent falls. It is thus judged 

that the risk of fall in people living with HIV/AIDS 

increases with peripheral neuropathy, especially loss 

of plantar cutaneous sensation leading to elevated 

vibrotactile threshold. This attests to the fact that, in 

this study, loss of vibration perception sense 

otherwise known as elevated vibrotactile threshold 

increased the odd of fall by 10%. Patients receiving 

highly active antiretroviral therapy possess elevated 

vibrotactile threshold which proves that the incidence 

of distal neuropathy increases significantly with the 

number of drugs comprising the treatment regimen 

(Scarsella et al., 2002). Neuropathic pain has a 

substantial impact on physical performance and 

quality of life among ambulatory people living with 

HIV (Simmonds et al., 2005). This is reinforced by 

the findings that the odd of experiencing falls 

increase with report of subjective (sensory 

neuropathic) symptoms such as pain, aching and/or 

needle and pin. Result showed a linear relationship 

between degree of gait impairment and walking pace. 

While similar degree of gait impairment was 

observed at regular and slow walking pace, at fast 

walking pace, additional impairments observed 

include few stride frequency in those with mild HIV-

PN and small cadence in those with moderate HIV-

PN.  

 

Considering that deficit in gait parameters is an 

independent predictor of fall, and that risk of falls 

increases with greater gait deficits, it might be 

implied, from this study, that risk of falls is greatest 

at fast pace. For people living with HIV-PN, walking 

slow is as good as walking normally as they possess 

similar gait output, with relatively reduced risk of fall 

compared to fall risk at fast walking pace. However, 

this finding is refuted by result obtained using the 

comparative field diagram, which reveals greater 

tendency of fall in people with mild HIV-PN 

compare those without HIV-PN as walking pace 

decrease from preferred (V2) to slow (V1). The slow 

speed could be seen as a strategy employ to avoid 

(Dingwell et al., 2000;Menz et al., 2004). 

Nevertheless, it may be safer for people living with 

HIV-PN to adapt to a slow, cautious gait 

characterized short step and stride length than attempt 

a fast pace with additional deficit in stride frequency 

and stride velocity. According to Erlandson et 

al.,(2012a; 2012b), PLWH exhibited impaired fast, 

but not preferred, gait speeds, despite being on 

successful HAART and those who were recurrent 

fallers had an even slower fast-paced gait. 

 

The fact that fall was highest at fast walking pace 

also suggest that people living with HIV-PN are 

mainly outdoor fallers, as supported by the findings 

of Quach et al.(2011). In the work of Quach et al. 

(2011), gait deficits, resulting from fast walking pace, 

was associated with fall in outdoor or community 

ambulation. Depending on this, that most, if not all, 

falls occur during locomotion (Cavanagh et al. 1992) 

signifies that the people living with HIV-PN may 

have difficulty maintaining dynamic stability while 

walking. Therefore, this outcome reinforces evidence 

that sensory feedback plays a pivotal role in 

smoothing unintended irregularities that occur during 

unperturbed movements (Gandevia and Burke, 1994) 

and in adjusting step-to-step limb trajectories to 

maintain balance during locomotion (Ferber et al., 

2002). However, the actual mechanism of falls in 

persons with HIV-PN is further elucidated by the 

comparative filed diagram. In this study, falls was 

associated with defective transition in stride velocity 

and frequency depicted by the reluctance region. The 

reluctance region is the point of reference and 

indicates reluctance to accelerate or decelerate, upon 

intention to do so, once in motion. Point at which this 

inertia begins defines the critical point of falls. 

 

CONCLUSIONS 

 

Peripheral neuropathy predisposes to gait deficits in 

PLWH. Degree of deficit in gait output increases 
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with either fast or slow walking pace. These deficits 

are characterized with reluctance to accelerate or 

decelerate beyond usual walking pace. Moderate 

HIV-PN is associated with difficulty walking at fast 

pace while mild HIV-PN links with difficulty walk at 

a slow pace. The point at which this reluctance 

begins defines the critical point of fall. The 

comparative field diagram is more sensitive than one-

way analysis of variance in detecting falls at slow 

walking pace. We recommend routine and 

comprehensive gait assessment, with aid of 

comparative filed diagram, in people with HIV-PN as 

this will help determine fall risk as well as inform fall 

preventive measures.  

 

ACKNOWLEDGEMENT  

 

We acknowledge the cooperation of all the 

participants to this study and Mr. Chukwuemeka 

Ezeigweneme for his support during data collection.  

 

REFERENCES 

 

Alfuth, M. and Rosenbaum, D. (2012). Effects of 

changes in plantar sensory feedback on human 

gaitcharacteristics: a systematic review. Footwear 

Sci; 4(1):1–22. 

 

Anastasi, J.K., Capili, B. and Chang, M.S. (2013). 

HIV Peripheral Neuropathy and Foot Care 

Management: A Review of Assessment and Relevant 

Guidelines. American Journal of Nursing; 113 (12): 

243-251.  

 

Anziska, Y., Helzner, E.P. and Crystal, H. (2012). 

The relationship between race and HIV-distal sensory 

polyneuropathy in a large cohort of US women. 

Journal of Neurological Science; 315(12): 129–132. 

 

Aruin, A.S. (2016). Enhancing anticipatory postural 

adjustments: a novel approach to balance 

rehabilitation. J Physiother; 6(2):e144. 

 

Callisaya, M.L., Blizzard, L., Martin, K. and 

Srikanth, V.K. (2016). Gait initiation time is 

associated with the risk of multiple falls-a 

population-based study. Gait Posture; 49:19–24. 

 

Cavanagh, P.R., Derr, J.A, Ulbrecht, J.S., Maser, 

R.E. and Orchard, T.J. (1992). Problems with gait 

and posture in neuropathic patients with insulin-

dependent diabetes mellitus. Diabet Med; 9(5):469– 

474. 

 

Cherry, C.L., Wesselingh, S.L., Lal, L. and 

McArthur, J.C. (2005). Evaluation of a clinical 

screening tool for HIV associated sensory 

neuropathies. Neurology; 65(11): 1778–1781. 

 

Cohen, J. (1998). Statistical Power Analysis for the 

Behavioral Sciences, Hillsdale, NJ, Lawrence 

Erlbaum Associates. 

 

David, K.T., Francois, V., Eustasius, M., and Aime, 

S. (2014). Prevalence of peripheral neuropathy and 

its demographic and health status characteristics, 

among people on antiretroviral therapy in Rwanda. 

BMC Public health; 14:1306. 

 

Deborah, L., Feltz, and Craig, A. Payment. (2005). 

Self-Efficacy Beliefs Related to Movement and 

Mobility. QUEST; 57:2-36. 

 

Devigili, G., Tugnoli, V., Penza,P.,  Camozzi, F., 

Lombardi,R, Melli, G., Broglio, L., Granieri, E and 

Lauria, G. (2008).  The diagnostic  criteria  for  small  

fibre  neuropathy:  from  symptoms  to 

neuropathology.  Brain; 131(7): 1912–1925. 

 

Dingwell,  J.B.,  Cusumano,  J.P.,  Cavanagh,  P.R. 

and Sternad,  D. (2000).  Local dynamic stability 

versus kinematic variability of continuous 

overground and treadmill walking. J Biomech Eng; 

123(1):27–32. 

 

Eke-Okoro, S.T. (1989). Velocity field diagram of 

human gait. Clinical Biomechanics; 4:92-92. 

 

Ellis, R.J., Evans, S.R. and Clifford, D.B. (2005). 

Neurological AIDS Research Consortium. AIDS 

Clinical Trials Group Study Teams A5001 and A362 

Clinical validation of the NeuroScreen. Journal of 

Neurovirology; 11(6): 503–511. 

 

Erlandson, K., Allshouse, A., Jankowski, C., Duong, 

S., Mawhinney, S., Kohrt, W. et al. (2012a). A 

comparison of functional status instruments in HIV-

infected adults on effective antiretroviral therapy. 

HIV Clin Trials; 13(6):324–334. 

 

Erlandson, K., Allshouse, A., Jankowski, C., Duong, 

S., MaWhinney, S., Kohrt, W., et al. (2012b). Risk 

http://www.arpjournals.com/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tugnoli%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18524793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Penza%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18524793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Camozzi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18524793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lombardi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18524793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Melli%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18524793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Broglio%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18524793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Granieri%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18524793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauria%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18524793
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2442424/
https://www.sciencedirect.com/science/article/pii/0268003389900454#!
https://www.sciencedirect.com/science/journal/02680033


 
 

 
International Journal of Community Research                         http://www.arpjournals.com 
ISSN: 2315 – 6562                                                                         E-ISSN: 2384 – 6828 

 

Nweke et al., IJCR, 2019; 8(3): 77 - 92 

90 
Endorsed By: Innovative Science Research Foundation (ISREF) and International Society of Science Researchers (ISSCIR). 

Indexed By: African Journal Online (AJOL); Texila American University; Genamics; Scholarsteer; EIJASR; CAS-American Chemical 

Society; and IRMS Informatics India (J-Gate) 

     
 

factors for falls in HIV-infected persons. J Acquir 

Immune DeficSyndr; 61(4):484– 489. 

 

Ferber,  R.,  Osternig,  L.R.,  Woollacott,  M.H.,  

Wasielewski,  N.J. and Lee,  J.H. (2002). Reactive 

balance adjustments to unexpected perturbations 

during human walking. Gait Posture; 16(3):238–248. 

 

Gandevia, S.C. and Burke, D. (1994). Does the 

nervous system depend on kinesthetic information to 

control natural limb movements? In: Cordo P, 

Harnad S, editors. Movement control.Cambridge: 

Cambridge University Press. pp. 12–30. 

 

Gordon, Z., Tomas, D., and Ronald, B. (2008). 

Understanding the impact of diabetic neuropathy in 

gait. Podiatry today; 2:16. 

 

Graser, J.V., Letsch, C. and van Hedel, H.J.A. 

(2016). Reliability of timed walking tests and 

temporo-spatial gait parameters in youths with 

neurological gait disorders. BMC Neurol ; 16: 15. 

 

Guertin, P., Angel, M.J., Perreault, M.C. and 

McCrea, D.A. (1995). Ankle extensor group 1 

sensory excite extensors throughout the hindlimb 

during fictive locomotion in the cat. Journal of 

Physiology; 487:197–209. 

 

Harischandra, N., Jeremie, K,, Alexander, K., Andrej, 

B., Jean-Marie, C., Auke, I., and Örjan, E. (2015). 

Sensory Feedback Plays a Significant Role in 

Generating Walking Gait and in Gait Transition in 

Salamanders: A Simulation Study. Frontiers in 

Neurorobotics; 5:3. 

 

Jan-Willem, G.M., Andries, J.S., Joop, D.L, 

Johannes, H.V., Klaas, H. and Thera, P.L. (2005). 

Back to Basics in Diagnosing Diabetic 

Polyneuropathy With the Tuning Fork. Diabetes 

Care; 38(9): 2201-2205. 

 

Jayaprakash, P., Pinaki, D., Anantharaman, R., 

Shanmugasundar, G. and Ravikiran, M. (2011). 

Validation of bedside methods in evaluation of 

diabetic peripheral neuropathy.Indian Journal 

Medical Research; 133(6): 645–649. 

 

Kavounoudias, A., Roll, R. and Roll, J.P. (1998). The 

plantar sole is a ‘dynamometric map’ for human 

balance control. Neuroreport; 9(14):3247–3252. 

Keswania, S.C., Pardoa, C.A., Cherry, C.L., Hokea, 

A. and Justin, C.M. (2012). HIV-Associated Sensory 

Neuropathies. AIDS; 16:16. 

 

Krucik, G. (2013). Stages of Ostoarthritis of the 

knee.https://www.healthline.com/health/osteoarthritis

/knee-pain. 

 

Latash, M.L. (2008). Evolution of motor those with 

neither peripheral neuropathy nor cognitive 

impairment: from reflexes and motor programs to the 

equilibrium-point hypothesis. Journal of Human 

Kinetics; 19:3-24.  

 

Luma, H.N., Tchaleu, B.C. and Doualla, M.S. (2012). 

HIV-associated sensory neuropathy in HIV-1 

infected patients at the Douala General Hospital in 

Cameroon: a cross-sectional study. AIDS Research 

and Therapy; 9(1):35. 

 

Maki, B.E. (1997). Gait changes in older adults: 

predictors of falls or indicators of fear. J Am 

Geriatric Society; 45.3:313–320. 

 

Manning, J., Neistad, T., M.E. and Parker, S. (1997). 

The relationship between fear of falling and balance 

and gait abnormalities in elderly adults in a subacute 

rehabilitation facility.Physical and Occupational 

Therapy in Geriatrics; 15 (2): 33-47. 

 
Manor, B., Wolenski, P, and Li, L. (2008). Faster 

walking speeds increase local instability among 

people with peripheral neuropathy. J Biomech; 

18;41(13):2787-92.  

 

Maritz, J., Benatar, M. and Dave, J.A. (2010). HIV 

neuropathy in South Africans: frequency, 

characteristics, and risk factors. Muscle Nerve; 41 

(5): 599–606.  

 

Markides, K.S., Black, S.A., Ostir, G.V., Angel, R.J., 

Guralnik, J.M. and Lichtenstein, M. (2001). Lower 

bodyfunction and mortality in Mexican American 

elderly people. J Gerontol A BiolSci Med Sci; 

56(4):M243-7. 

 

Mehta, S.A., Ahmed, A., Laverty, M., Holzman, R.S., 

Valentine, F. and Sivapalasingam, S. (2011). Sex 

Differences in the Incidence of Peripheral 

Neuropathy among Kenyans Initiating Antiretroviral 

Therapy. Clin Infect Dis; 53(5): 490–496. 

http://www.arpjournals.com/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Graser%20JV%5BAuthor%5D&cauthor=true&cauthor_uid=26830919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Letsch%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26830919
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Hedel%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=26830919
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4736644/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Knuesel%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kozlov%20A%5Bauth%5D
http://care.diabetesjournals.org/search?author1=Jan-Willem+G.+Meijer&sortspec=date&submit=Submit
http://care.diabetesjournals.org/search?author1=Jan-Willem+G.+Meijer&sortspec=date&submit=Submit
http://care.diabetesjournals.org/search?author1=Johannes+H.+van+der+Hoeven&sortspec=date&submit=Submit
http://care.diabetesjournals.org/search?author1=Johannes+H.+van+der+Hoeven&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jayaprakash%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dutta%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dutta%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shanmugasundar%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ravikiran%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Manor%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18706561
http://www.ncbi.nlm.nih.gov/pubmed/?term=Manor%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18706561
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mehta%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=21844033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmed%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21844033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laverty%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21844033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holzman%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=21844033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Valentine%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21844033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sivapalasingam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21844033


 
 

 
International Journal of Community Research                         http://www.arpjournals.com 
ISSN: 2315 – 6562                                                                         E-ISSN: 2384 – 6828 

 

Nweke et al., IJCR, 2019; 8(3): 77 - 92 

91 
Endorsed By: Innovative Science Research Foundation (ISREF) and International Society of Science Researchers (ISSCIR). 

Indexed By: African Journal Online (AJOL); Texila American University; Genamics; Scholarsteer; EIJASR; CAS-American Chemical 

Society; and IRMS Informatics India (J-Gate) 

     
 

Menz, H.B., Lord, S.R., St George, R. and 

Fitzpatrick, R.C. (2004). Walking stability and 

sensorimotor function in older people with diabetic 

peripheral neuropathy. Arch Phys Med Rehabil; 

85(2):245. 

 

Nakamura, T., Meguro, K., Yamazaki, H., Okuzumi, 

H., Tanaka, A., Horikawa, A. et al. (1997). Postural 

and gait disturbance correlated with decreased frontal 

cerebral blood flow in Alzheimer disease. Alzheimer 

Disease Associated Disorders; 11.3: 132-139. 

 

Nordqvist, C. (2015). Ataxia: Causes, Symptoms and 

Treatment. 

Http://www.medicalnewstoday.com/articles/162368.p

hp. 

 

Novaes, R.D., Miranda, A.S., Victor, Z., Dourado, 

V.Z., Fisioter, R.B., Carlos, S. (2011). Usual gait 

speed assessment in middle-aged and elderly 

Brazilian subjects. Revista Brasileira de Fisioterapia; 

15:117-22.  

 
Nwabueze, SA, Joe-Ikechebelu, N.N., Modebe, I.A., 

Adogu, P.O. and Ele, P.U. (2013). Relationship 

between peripheral neuropathy and antiretroviral 

drugs used in the management of adult human 

immunodeficiency virus patients. Journal of HIV and 

Human Reproduction; 1.1:36-40. 

 
Onwuegbuzie, G., Ogunniyi, A., Isamade, E., Idoko, 

J. (2009). Prevalence of distal 

symmetricalpolyneuropathy among drug naïve 

hiv/aids patients in josnigeria. AfricanJournal 

ofNeuroscience; 28:2 

 

Osinaike, O., Akinsegun, A., Oluwadamilola, O., 

Anthonia, O., Njideka, O., Frank,O. et al. (2012). 

Influence of Age and Neurotoxic HAART Use on 

Frequency of HIV Sensory Neuropathy. AIDS 

Research and Treatment; 96:1510. 

 

Parry, O., Mielke, J., Latif, A.S., Ray, S., Levy, L.F. 

and Siziya, S. (1997). Peripheral neuropathy in 

individuals with HIV infection in Zimbabwe. Acta 

Neurology Scandinavian; 96 (4): 218–222. 

 

Pearson, K.G. (1995). Proprioceptive regulation of 

locomotion. Current Opin Neurobiology; 5:786-791. 

 

Quach, L., Galica, A.M., Jones, R.N., Procter-Gray, 

E., Manor, B., Hannan, M.T., et al. (2011). The 

nonlinear relationship between gait speed and falls: 

the maintenance of balance, independent living, 

intellect, and zest in the elderly of Boston study. J 

Am Geriatr Soc;59(6):1069–1073. 

 

Rapp, K., Becker, C., Cameron, I.D., Konig H.H. and 

Buchele, G. (2012) Epidemiology of falls in 

residential aged care: analysis of more than 70,000 

falls from residents of Bavarian nursing homes. 

Journal of American Medical Director Association; 

13 (2): 187-e181-186. 

 

Robinson-Papp, J., Gelman, B.B., Grant I, Singer, E., 

Gensler, G. and Morgello S. (2012). National Neuro 

AIDS Tissue Consortium Substance abuse increases 

the risk of neuropathy in an HIV infected cohort. 

Muscle Nerve; 45(4): 471–476. 

 

Scarsella, A., Coodley, G., Shalit, P., Anderson, R., 

Fisher, R.L., Liao, Q., Ross, L.L. and Hernandez, J.E. 

(2002). Stavudine-associated peripheral neuropathy 

in zidovudine-naïve patients: effect of stavudine 

exposure and antiretroviral experience. Adv Ther; 

19(1):1 

 

Scherder, E., Eggermont, L. and Swaab, D. (2007). 

Gait in ageing and associated dementias; its 

relationship with cognition.Neuroscience Behaviors 

Rev; 31:485–497. 

 

Schifitto, G., Yiannoutsos, C. and Simpson, D.M. 

(2001). AIDS Clinical Trials Group Team 291. Long-

term treatment with recombinant nerve growth factor 

for HIV-associated sensory neuropathy.Neurology; 

57.7: 1313–1316. 

 
Simmonds, M.J., Novy, D. and Sandoval, R. (2005). 

The differential influence of pain and fatigue on 

physical performance and health status in ambulatory 

patients with human immunodeficiency virus. Clin J 

Pain; 21(3):200-6. 

 

Simpson, D.M., Kitc, D., Evans, S.R., McArthur, 

J.C., Cohen, B., Goodkin, K. et al.  (2006). HIV 

neuropathy natural history cohort study: assessment 

measures and risk factors. Neurology; 66(11):1679–

1687. 

 

http://www.arpjournals.com/
http://www.medicalnewstoday.com/articles/162368.php.
http://www.medicalnewstoday.com/articles/162368.php.
http://www.j-hhr.org/searchresult.asp?search=&author=Simeon+A+Nwabueze&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.j-hhr.org/searchresult.asp?search=&author=Ngozi+N+Joe%2DIkechebelu&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.j-hhr.org/searchresult.asp?search=&author=Ifeoma+A+Modebe&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.j-hhr.org/searchresult.asp?search=&author=Prosper+O%2E+U%2E+Adogu&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.j-hhr.org/searchresult.asp?search=&author=Prince+U+Ele&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.ajns.paans.org/auteur.php3?id_auteur=682
http://www.ajns.paans.org/auteur.php3?id_auteur=682
http://www.ajns.paans.org/auteur.php3?id_auteur=683
http://www.ajns.paans.org/auteur.php3?id_auteur=683
http://www.ajns.paans.org/auteur.php3?id_auteur=684
http://www.ajns.paans.org/auteur.php3?id_auteur=684
http://www.ajns.paans.org/auteur.php3?id_auteur=684
http://www.ajns.paans.org/auteur.php3?id_auteur=684
http://www.ncbi.nlm.nih.gov/pubmed/?term=Okubadejo%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Okubadejo%20N%5Bauth%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simmonds%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15818071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simmonds%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15818071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sandoval%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15818071
https://www.ncbi.nlm.nih.gov/pubmed/15818071
https://www.ncbi.nlm.nih.gov/pubmed/15818071


 
 

 
International Journal of Community Research                         http://www.arpjournals.com 
ISSN: 2315 – 6562                                                                         E-ISSN: 2384 – 6828 

 

Nweke et al., IJCR, 2019; 8(3): 77 - 92 

92 
Endorsed By: Innovative Science Research Foundation (ISREF) and International Society of Science Researchers (ISSCIR). 

Indexed By: African Journal Online (AJOL); Texila American University; Genamics; Scholarsteer; EIJASR; CAS-American Chemical 

Society; and IRMS Informatics India (J-Gate) 

     
 

Stuart, M.E. and Rose, D.J. (1998). Balance self-

efficacy: Understanding sources of efficacy 

information used by older adults enrolled in a 

dynamic balance training program. Journal of Sport 

and Exercise Psychology; 20: 61.. 

 

Studenski, S., Perera, S. and Patel, K. (2011). 

Walking speed and survival in older adults. JAMA; 

305:50–58. 

 

Takakusaki, K. (2017). Functional neuroanatomy for 

posture and gait control. J MovDisord; 10(1):1–17. 

 

Watson, N.L., Rosano, C., Boudreau, R.M., 

Simonsick, E.M., Ferrucci, L., Sutton-Tyrrell, K. et 

al. (2010a). Executive function, memory, and 

walking speed decline in well-functioning older 

adults. Journal of Gerontology; 65:1093-1100. 

 

Winter, D.A. (1989). Biomechanics of normal and 

pathological gait: implications for understanding 

human locomotor control. J Mot Behav; 21(4):337–

355. 

 

Yong-wok, K. (2015). Clinical availability of the 

deep tendon reflex using a novel apparatus in healthy 

subjects. Journal of Physical Physical Science; 27(2): 

317-320.  

 

AUTHOR’S CONTRIBUTIONS 

 

Mr Martins C Nweke conceived the idea. Mr. Idika 

Miracle designed the proposal under the supervision 

of Mr Martins C. Nweke and Dr. Ezema I Charles. 

M.r Martins Nweke drafted the manuscript.  Martins 

C Nweke, Mr. Chigozie Uchewoke, Mr. Aleke 

Marcus and Mr. Uchendu C Victor each revised the 

final version of the manuscript. 

 

http://www.arpjournals.com/

