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Kinetics and kinematics of diabetic
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foot in type 2 diabetes mellitus with and
without peripheral neuropathy: a systematic
review and meta-analysis
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Sampath Kumar', C. G. Shashi Kumar' and Shreemathi S. Mayya®

Abstract

Background: Diabetes mellitus patients are at increased risk of developing diabetic foot with peripheral neuropathy,
vascular and musculoskeletal complications. Therefore they are prone to develop frequent and often foot problems
with a relative high risk of infection, gangrene and amputation. In addition, altered plantar pressure distribution is an
important etiopathogenic risk factor for the development of foot ulcers. Thus the review on study of foot kinematic
and kinetic in type 2 diabetes mellitus to understand the biomechanical changes is important.

Methodology: Scientific articles were obtained using electronic databases including Science Direct, CINAHL,
Springer Link, Medline, Web of Science, and Pubmed. The selection was completed after reading the full texts. Studies
using experimental design with focus on biomechanics of diabetic foot were selected.

Results: The meta-analysis report on gait velocity (neuropathy = 128 and non-diabetes = 131) showed that there
was a significantly lower gait velocity in neuropathy participants compared to non-diabetes age matched participants
at a high effect level (—0.09, 95 % Cl —0.13 to 0.05; p < 0.0001). Regarding knee joint flexion range there was a signifi-
cant difference between neuropathy and non-diabetes group (4.75, 95 % Cl, —7.53 to 1.97, p = 0.0008).

Conclusions: The systematic review with meta-analysis reported significant difference in kinematic and kinetic vari-
ables among diabetic with neuropathy, diabetic without neuropathy and non-diabetes individuals. The review also
found that the sample size in some studies were not statistically significant to perform the meta-analysis and report a
strong conclusion. Therefore a study with higher sample size should be done.

Background

Diabetes is one of the most common metabolic disor-
ders that have gained the status of a potential epidemic
in India. Although the impact of the disease has been
seen worldwide, more than 62 million individuals have
been reported suffering with type 2 diabetes mellitus in
India (Kumar et al. 2013). The prevalence of diabetes is
predicted to double globally from 171 million in 2000 to
366 million in 2030 with the maximum increase in India
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and indicate if changes were made.

(Wild et al. 2004). Also people with type 2 diabetes mel-
litus are at increased risk of peripheral arterial disease
and peripheral neuropathy (Sawacha et al. 2009). The
prevalence of peripheral neuropathy (DPN) among type
2 Diabetics within Indian population has been reported
as 33.33 % (Pawde et al. 2013).

Diabetic peripheral neuropathy (DPN) is the most
commonly seen long-term diabetes complication,
involved in the pathogenesis of diabetic foot (Sawacha
et al. 2009; Yavuzer et al. 2006). It affects sensory, motor
and autonomic nerves that lead to progressive degen-
eration and loss of nerve fibers. In clinical practice,
DPN is routinely assessed with changes in temperature,
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perception threshold, vibration and other neurological,
musculoskeletal and vascular complications.
Musculoskeletal complications results from motor neu-
ropathy that include progressive atrophy of intrinsic foot
muscles leading to common foot deformities like hammer
toes, claw toes, hallux valgus and prominent metatarsal
heads. As a consequence, plantar pressure distribution is
altered leading to higher risk of foot ulceration. High plan-
tar pressure is an important etiopathogenic risk factor for
the development of foot ulcers (Wang et al. 2015). Also
diabetic foot ulceration is reported to be associated with
frequent lower extremity amputation (Pham et al. 2000).
However risk of ulcers can be predicted by biomechanical
parameters which are determinative (Ahroni et al. 1999).

Need for the review

From the previous studies it is evident that the prevalence
of type 2 diabetes mellitus in India is high. However foot
complications are the most ignored aspect. Though the
basic screening of diabetic foot is practiced in many clini-
cal settings, a complete biomechanical assessment of dia-
betic foot is still lacking in India. Therefore considering the
higher number of individuals suffering from type 2 dia-
betes mellitus and its potential harm, the biomechanical
assessment of foot could be highly useful to prevent future
foot complications. This emphasises the need of the pro-
posed study. The comprehensive analysis of foot biome-
chanics in type 2 diabetes patients could be an important
clinical tool for early screening and prevention of diabetic
foot complications thereby reducing amputations. Apart
from these, the previous researchers showed lesser degree
of agreement among themselves while reporting kinemat-
ics and kinetics of diabetic foot. Few studies reported that
walking speed of neuropathic individuals in type 2 diabe-
tes mellitus is slower when compared to non-neuropathy
and non-diabetes individuals. On the others hand some
authors suggested opposite results. Thus a systematic
review and meta-analysis is required to propose a strong
conclusion for kinematic and kinetic variation in type 2
diabetes participants with and without neuropathy com-
pared to a healthy non-diabetes individual.

Methods
Literature search strategy
Scientific articles were obtained using electronic databases
including Science Direct, Cinahl, Springer Link, Medline,
Web of Science, and Pubmed. The search was performed
in the month of December 2015. Since the three dimen-
sional angular kinematic analysis was introduced in the
early twentieth century the search was restricted from year
2000-2015 till date (Sutherland 2001).

The following keywords and MeSH headings were
used:
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Type 2 Diabetes Mellitus

Diabetic Peripheral Neuropathy

Diabetic Foot

Foot Biomechanics

Plantar pressure assessment/analysis

Kinetics ((and)) Kinematics Assessment

Gait parameters/spatiotemporal gait characteristics

N O U W

Boolean Operator used—AND/OR. Full text articles
in English language were selected from 2000 to 2015 to
restrict the focus of the review to the most recent and
advanced findings.

Studies selection process and criteria

A total of 1898 records were obtained using all the
search engines mentioned above that included Pubmed
(n = 487), Cinahl (n = 67), Medline (n = 136), Science
Direct (n = 1184), Cochrane (n = 7), Pedro (n = 3), Sports
Discuss (n = 14) following which the duplicates were
removed and 1594 records were obtained. This was fol-
lowed by title and abstract screening under which 57 arti-
cles were pre-selected. The selection process and records
have been diagrammatically shown below in Fig. 1 whereas
the selected articles organized from the most recent year
of publication to the most oldest based on study methods,
tools to identify DPN, biomechanical tools used and out-
come measures of interest have been shown in the Tables 1
and 2. The selection was completed after reading the full
texts. Studies with focus on biomechanics of diabetic foot
in type 2 diabetes mellitus were selected. The selection of
studies was done by three authors. Following this, a con-
sensus was obtained from all assessors in order to finally
select review articles and resolve any disagreement based
on the inclusion and exclusion criteria below.

Inclusion criteria Exclusion criteria

Studies comparing DPN with and
without neuropathy with normal
individuals

Studies that did not report at least
one outcome variable of interest
Studies without barefoot analysis or

Barefoot biomechanical analysis using any assistive devices
Outcome measures of interest—  Studies that reported subjects with
(a) spatiotemporal parameters (walk- previous foot ulcers
ing speed, step length, Studies with neuropathy other that
stride length, etc.) diabetic origin
(b) Kinematic variables of knee and  Studies without a proper and com-
ankle joint during stance and prehensive methodology
dynamic gait cycle: joint angle,  Studies that used various methods
velocity, momentum, accelera-  and tools for calculating the kin-
tion, power etc. ematic and kinetic variables other
() Kinetic variables of knee and than motion analysis software or
ankle joint during stance and force platforms or pedography
dynamic gait cycle: GRF, Pressure,
COM etc.
(d) Plantar pressure using static or
dynamic foot scanner, force plate
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Fig. 1 Outlines the process and step wise results from an extensive literature search

Search results
Figure 1 outlines the process and step wise results from
an extensive literature search.

Study quality assessment

The included studies were independently assessed by
three reviewers using the quality assessment tool given
by Downs and Black (1998). The overall scoring was done
on 27 domains out of which 10 questions were not com-
monly applicable to the reviewed studies. Therefore the
score was based upon 17 domains and the study was clas-
sified as poor (<7/17), fair (8—11/17) and good (>11/17)
accordingly, as a simplified Downs and Black quality
assessment tool (Fernando et al. 2013). For the purpose
of agreement, the average score of the three assessors for

each domain and overall total score has been shown in
the Table 3.

Data extraction

The process of data extraction was accomplished by the
first author with the help of a qualified statistician from
the University Biostatistics department. All the stud-
ies that reported the outcome measures of interest were
included for statistical analysis. However qualitative
studies were only included for the critical reviews and
excluded from statistical analysis.

Statistical analysis
The descriptive statistics (SPSS v.16) was performed for
the participant characteristics like age, height, weight,
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Table 1 Screening method for diabetic neuropathy
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First author

Neuropathy screening

Other clinical examination

Amemiya et al.
(2014)

Claudia et al. (2014)

Tuna et al. (2014)
Raspovic (2013)

Deschamps et al.
(2013)

Formosa et al. (2013)

Melai et al. 2011)
Gomes et al. (2011)

Ko etal. (2011)
Rao et al. (2010)

Ko et al. (2012)
Saura et al. (2010)

Anjos et al. (2010)

Bacarin et al. (2009)

Sawacha et al. (2009)

Savelberg et al. (2009)

Guldemond et al.
(2008)

Williams et al. (2007)

Yavuz et al. (2008)
Yavuzer et al. (2006)
Rahman et al. (2006)
Rao (2006)

Zimny et al. (2004)

Pataky et al. (2005)

Caselli et al. (2002)

Not specified

1. Semmens-Weinstein 10 g monofilaments
2. Michigan neuropathy screening instrument (score > 8)

Not specified

Vibration perception threshold (VPT) > 25V in combination
with a positive Neuropathy Deficit Score (NDS)

Not specified

Semmens-Weinstein 10 g monofilament (Neuropathy con-
sidered if one or more out of 5 sites were insensate)

Standardized neurological examination

Michigan neuropathy screening instrument > 3/15 (question-
naire) and score of > 4/10 (examination)

Not specified

5.07 Semmes-Weinstein Monofilament and Vibration percep-
tion threshold of 25V or higher

Not specified

10 g Monofilament and tuning fork of 128 Hz according to
the Michigan protocol

Not specified

1. Michigan Neuropathy Screening Instrument questionnaire
(Score > 6)
2.10 g Monofilament (insensitive to at least 2 sites)

1. Michigan neuropathy screening instrument questionnaire
(>3/15 symptoms)

2. Ankle and Patellar reflex

3. Less than 3 response for 10 sites on 10 g Semmens—Wein-
stein monofilament test

4. Vibration pressure threshold of > 25V

5. Pin prick using 25/7 mm needle

6. 128 MHz tuning fork

Vibration perception threshold > 25V

1.Valk Scoring system for grade of polyneuropathy (score
higher than 4 was graded as peripheral polyneuropathy)

2. Pinprick sense and light touch sense (cotton wool)

3. Vibration using 128 Hz tuning fork

4. Ankle and Knee reflex

5.07 Semmes-Weinstein Monofilament and Vibration pres-
sure threshold > 25V

5.07 Semmes-Weinstein monofilament and a biothesiometer

Not specified

Semmes-Weinstein monofilaments ranging from 3to 10 g

5.07 Semmes-Weinstein monofilaments

Vibration pressure threshold with the calibrated Rydell-Seiffer
tuning fork and the Phywe Vibratester (Threshold of 4 </8
confirmed neuropathy)

(a) Vibration Pressure Threshold (VPT) > 6 measured at big
toe and internal malleolus

(b) Tuning Fork 128 Hz Rydel Sieffer

1. Stratification of participants into four groups based on the
severity of neuropathy using Neuropathy Disability Score
(NDS)

2. Vibration pressure threshold
3. Semmes—Weinstein monofilament

Not specified
Not specified

Not specified

(a) Maximal isometric muscle strength of knee flexors, knee
extensors and ankle dorsiflexors
(b) Passive range of motion for lower limb joints

Not specified
Not specified

Not specified
General physical examination

Not specified
Not specified

Not specified
Not specified

Not specified
Not specified

(a) Walking on heels,

(b) Strength test against manual resistance for plantar flexion/
extension, knee flexion/extension, adduction/abduction and
forearm and finger active movements

(c) General foot assessment

Ankle and knee joint muscle strength
(a) Passive ankle range of motion using a plastic goniometer

(a) Joint stiffness testing
(b) Sensation on plantar aspect of the feet using Birke and Sims
(1986)

Foot examination for ulcers

None

None

Passive ankle range of motion and stiffness

(a) Inspection of the foot
(b) Palpation of the peripheral pulses

(a) Patellar and ankle reflex
(b) Skin temperature using Thermocross

Not specified
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Table 3 Study quality assessment using Downs and Black (1998)

Page 7 of 19

Down Amemiya Raspovic Anjos et al. Bacarinetal. Casellietal. Deschamps Claudiaetal. Formosa
and black etal. (2014) (2013) (2010) (2009) (2002) etal. (2013) (2014) etal.
questions (2013)
Total score 16 10 11 12 14 11 12 03

1 Y Y Y Y Y Y Y Y

2 Y Y Y Y Y Y Y N

3 Y Y Y Y Y Y Y N

4 NR NR NR NR NR NR NR NR

5 Y Y Y Y Y Y N

6 Y Y Y Y N Y N

7 Y N y Y Y N

8 NR NR NR NR NR NR NR NR

9 NR NR NR NR NR NR NR NR

10 Y Y Y N Y Y Y N

11 Y utb utb Y Y Y uTtb utb
12 utb uTD utbD uTD uTD uTD utb
13 Y Y Y Y Y Y utb
14 NR NR NR NR NR NR NR NR

15 NR NR NR NR NR NR NR NR

16 utb utb N utb uTD N utb N

17 NR NR NR NR NR NR NR NR

18 Y Y Y Y Y Y Y utb
19 NR NR NR NR NR NR NR NR

20 Y Y Y Y Y uTD Y utb
21 Y utb Y Y Y Y Y Y

22 utb Y ND Y Y Y

23 NR NR NR NR NR NR NR NR

24 NR NR NR NR NR NR NR NR

25 utb utb uTtb Y Y uTtb uTtb utb
26 NR NR NR NR NR NR NR NR

27 N N N N N N N N
Down Gomesetal. Guldemond Melaietal. Pataky Rehman Sauraetal. Saccoetal. Sauraetal. Saccoetal. Seung
and black (2011) etal.(2008) (2011) etal. (2010) (2009) (2010) (2009)

questions (2005)

Total score 9 12 10 12 08 10 12 10 12 14
1 Y Y Y Y N Y Y Y Y Y
2 Y Y Y Y Y Y Y Y Y Y
3 Y Y Y Y Y Y Y Y Y Y
4 NR NR NR NR NR NR NR NR NR NR
5 Y Y N Y Y Y Y Y Y

6 Y Y Y Y N Y Y Y Y

7 Y Y Y Y Y Y Y Y Y Y
8 NR NR NR NR NR NR NR NR NR NR
9 NR NR NR NR NR NR NR NR NR NR
10 Y N N Y N N N N N Y
1 utb Y Y utb utb Y Y Y Y utb
12 utb uTtb uTtbD uTtb utb utb uTtb utb uTtb utb
13 UTtb utb Y Y N Y Y Y Y Y
14 NR NR NR NR NR NR NR NR NR NR
15 NR NR NR NR NR NR NR NR NR NR
16 utb Y Y utb N utb Y utb Y Y
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Table 3 continued

Down Gomes etal. Guldemond Melaietal. Pataky Rehman Sauraetal. Saccoetal. Sauraetal. Saccoetal. Seung
and black (2011) etal. (2008) (2011) etal. (2010) (2009) (2010) (2009)

questions (2005)

17 NR NR NR NR NR NR NR NR NR NR
18 Y Y uTD Y Y Y Y Y Y Y
19 NR NR NR NR NR NR NR NR NR NR
20 Y Y Y Y Y Y N Y N Y
21 UTD Y Y Y Y uUTD Y uTD Y Y
22 UTtb UTtb UTtb Y Y uTtb UTtb uTtb uTtb Y
23 NR NR NR NR NR NR NR NR NR NR
24 NR NR NR NR NR NR NR NR NR NR
25 N Y N uTtD uTD N N N N Y
26 NR NR NR NR NR NR NR NR NR NR
27 N N N N N N N N N
Down Savelbergetal. Sawachaetal. Sawachaetal. Sawachaetal. Sawachaetal. Ucciolietal. Yavuzer et al.
and black ques- (2009) (2009) (2009) (2009) (2012) (2001) (2006)

tions

Total score 13 13 13 10 12 10 13

1 Y Y Y N Y Y Y

2 Y Y Y Y Y Y Y

3 Y Y Y Y Y Y Y

4 NR NR NR NR NR NR NR

5 Y Y Y Y Y Y Y

6 Y Y Y Y Y Y Y

7 Y Y Y Y Y Y Y

8 NR NR NR NR NR NR NR

9 NR NR NR NR NR NR NR

10 Y N N N Y N Y

M utb Y Y Y Y utb utb

12 Y utb uTD utD utb uTD uTD

13 Y Y Y Y Y uTD Y

14 NR NR NR NR NR NR Y

15 NR NR NR NR NR NR Y

16 Y N N Y Utb Y Y

17 NR NR NR NR NR NR NR

18 Y Y Y Y Y Y Y

19 NR NR NR NR NR NR NR

20 Y Y Y Y Y Y Y

21 Y Y Y utb Y Y Y

22 utb uTD utb uTD utbD uTD uTD

23 NR NR NR NR NR NR NR

24 NR NR NR NR NR NR NR

25 N Y Y N N utb uTD

26 NR NR NR NR NR NR NR

27 N N N N N N

Y =1; N = 0; NR, not relevant (the study design doesn’t include these components); UTD, unable to determine

BMI, duration of diabetes etc. For the purpose of easy
comparison and statistical analysis, the outcome meas-
ures of interest were transformed into standard units.
Following this, meta-analysis using forest plot was carried

out for all outcome measures that have been reported in
detail in the result section below. Since the sample size in
the review studies were not equally distributed and the
comparison included the healthy participants, random
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effect model forest plot was constructed in order to com-
pute a combined effect that estimated the mean effect
of the distribution. The weight assigned under random
effect model is more balanced where larger sample size
studies are less likely to dominate the analysis and small
studies are less likely to be trivialized (Borenstein et al.
2007). The effect size was computed using Cohen’s d.
Cohen’s d score of zero was considered as no effect,
whereas a result of 0—0.2 was interpreted as small effect
difference, 0.2—0.8 as medium effect size and >0.8 a large
effect difference (Fernando et al. 2013). Heterogeneity
was calculated using the I? statistic. Finally the results
were reported as standardized mean differences with
95 % confidence intervals and p values.

Review findings and results

Search details

A total of 25 articles were finally selected for the review.
There were various scientific reasons and grounds for
excluding these records, such as inappropriate title and
methods, inappropriate design, outcome measures and
tools used were not appropriate, lack of diabetes classifi-
cation, inappropriate data, and language other than Eng-
lish etc.

Study quality

Majority of the study included in review were of good
and fair quality based on the Downs and Black scoring
(Table 3). However, majority of them failed to score on
the 27th question. Only two studies reported about sam-
ple size calculation. Apart from these, there was a lot of
variability in reporting various confounding variables
(duration of disease, BMI, muscular weakness, neuro-
pathic pain, severity of diabetic neuropathy, any muscu-
loskeletal related joint pain, chronic ankle instability,
foot and ankle deformities) pertaining to biomechanical
outcomes.

Participant characteristics

The participants in the studies were categorized into
three group viz. Type 2 diabetes mellitus with neuropa-
thy, Type 2 DM without neuropathy and non-diabetes
(Control) age matched participants. The descriptive char-
acteristics of participants have been given in Table 4. The
selection criteria for neuropathy has been reported in
Table 1.

Participant recruitment strategy

A variety of participant recruitment sources were found
among the various researchers. These included commu-
nity outpatient settings, hospital settings, and volunteers.
For comparison healthy control was included in some
studies on a voluntary basis.
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Table 4 Demographic data of participants from included
studies

Demographics Neuropathy Non-neurop-  Normal
athy
Mean £SD (n) Mean £SD(n) Mean = SD (n)
Age (years) 60.53 + 821 5283 +£880 61.21 £7.3(467)
(431) (385)
Height (m) 1.68 +0.09 1.65 +0.08 1.66 £ 0.07 (338)
(108) (162)
Weight (kg) 83.91 +15.88 77.03 +£948 69.92 £ 898 (330)
(145) (125)
BMI 2736 £4.33 2758 £4.82 24.85 £ 3.04 (156)
(277) (215)
Disease dura- 1451 £ 843 1299 £ 8.1 Not applicable
tion (297) (181)
Screening process

Screening the participants is an important process for
the diagnosis of DPN. Majority of the studies utilized
Michigan Neuropathy Screening Instrument (MNSI) to
determine the presence of sensory neuropathy. However
Monofilament, Biothesiometer or VPT, clinical assess-
ment was also used by few studies (Table 1). On the
contrary; one study also used the nerve conduction test
(NCV) to diagnose DPN (Yavuzer et al. 2006).

Outcome measures

Regarding the outcome measures, the variables of inter-
est found in majority of the studies were spatiotempo-
ral parameters, kinetics and kinematics of stance and
dynamic phase. Each variable has been discussed in
detail below.

Spatiotemporal gait parameters

Gait velocity Walking speed/gait velocity was reported
by 10 studies (Sawacha et al. 2009; Claudia et al. 2014;
Gomes et al. 2011; Rao et al. 2010; Savelberg et al. 2009;
Ko et al. 2011, 2012; Raspovic 2013). Out of them seven
studies compared neuropathic participants with non-dia-
betes (normal/control) participants and the rest reported
gait velocity difference between non-neuropathic and
non-diabetes participants. There were four studies that
reported data between both neuropathy and non-dia-
betic, non-neuropathy and non-diabetic (Sawacha et al.
2009; Yavuzer et al. 2006; Savelberg et al. 2009, 2010). The
Meta-analysis report on gait velocity (neuropathy = 128
and non-diabetes = 131) showed that there was a signifi-
cantly lower gait velocity in neuropathy participants com-
pared to non-diabetes age matched participants at a high
effect level (—0.09, 95 % CI —0.13 to 0.05; p < 0.0001). In
the present study, negative combined effect suggests that
the mean was higher in the second comparable group i.e.
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non-diabetes whereas the positive value would suggest
greater mean values in the first group. The heterogene-
ity among the studies was less I*> = 10 % (Fig. 2). Also
the meta-analysis report on gait velocity between non-
neuropathy participants and non-diabetes participants
showed greater velocity for non-diabetes group compared
to the non-neuropathy group at a moderate effect level
p = 0.02, however there was a high heterogeneity between
the studies I> = 75 % (Fig. 3).

Stride length and stance period The meta-analysis
report on stride length and stance period (neuropa-
thy = 69 and non-diabetes = 65 and neuropathy = 45 and
non-diabetes = 45 respectively) from combing the data
of the studies done by Sawacha et al. (2009), Rao et al.
(2010), Savelberg et al. (2009), Raspovic (2013), Yavuz
et al. (2008) suggested that stride length was significantly
lower in neuropathic group compared to non-diabetes
group, whereas stance period was significantly higher in
neuropathic group. The heterogeneity among the studies
for both stride length and stance period was high I* = 58
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and I> = 81 % respectively (Figs. 4 and 5 respectively).
Only two studies (Sawacha et al. 2009, 2012) reported on
stride length and stance period between non-neuropathy
and non-diabetes group, non-neuropathy and neuropathy
group but results were not significant to support either
group (Figs. 6 and 7).

Kinematics Five studies (Yavuzer et al. 2006; Gomes
et al. 2011; Raspovic 2013; Saura et al. 2010; Zimny et al.
2004) reported kinematic variables like hip, knee and
ankle joint range of motion. There was a lot of variabil-
ity while reporting maximum hip flexion range with a
higher heterogeneity I* = 75 %. Two studies (Gomes et al.
2011; Raspovic 2013) found that the hip flexion range was
higher in neuropathy compared to non-diabetes group
whereas one study (Yavuzer et al. 2006) found it to be less,
therefore meta-analysis report was not significant (Fig. 8).
However no significant difference was found between
Non-neuropathy and non-diabetes group, neuropathy and
non-neuropathy group (Fig. 9a, b). Regarding knee joint
flexion range there was a significant difference between

Test for overall effect: Z=4.30 (P < 0.0001)

Forest plot of Comparison: Neuropathy Vs Non-Diabetes: Gait Velocity

-0.2

01

Neuropathy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Fortleza 2014 0.83 013 18 093 0.1 23 248% -0.10[-0.18,-0.02] —
Gomes 2011 09 04 23 1.03 04 23 32% -0.13[0.36,0.10]
Rao etal 2010 0.89 013 15 093 0.1 15 19.8%  -0.04 [-0.13,0.08] I
Savelberg et al 2009 1.4 012 8 1.44 013 10 11.8%  -0.04 [-0.16, 0.08] ——— —
Savelberg etal 2010 1.02 013 8 118 022 10 6.2% -0.16[-0.32,0.00]
Sawacha Z 20092 11 02 26 1.27 041 20 18.9% -0.17 [-0.26,-0.08] B —
Sawacha Z 2008h 1 02 10 1 041 10 8.5% 0.00[-0.14,0.14] -
Yavuzer et al 2006 094 03 20 1.06 02 20 6.6% -0.12[-0.28,0.04] —
Total (95% ClI) 128 131 100.0% -0.09 [-0.13,-0.05] 2
Heterogeneity: Tau®= 0.00; Chi*=7.78, df=7 (P = 0.35); F=10% t f

0 0.1

. 0.2
Favours [Neuropathy] Favours [Control]

Fig. 2 Meta-analysis showing gait velocity in non-diabetes (control) compared to diabetes with neuropathy (negative mean difference represents
higher mean values in the second group i.e. non-diabetes)

Test for overall effect: Z=2.27 (P = 0.02)

Non Neuropathy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Mansoo Ketal 2010 094 017 9 117 016 9 13.4% -0.23[-0.38,-0.08]
Savelberg et al 2009 1.35 0.1 10 1.44 013 10 18.1% -0.09 [-0.19, 0.01] e —
Savelberg etal 2010 1.3 013 10 122 02 10 13.8% 0.08 [-0.07,0.23] e B
Sawacha Z 2009a 1.06 013 10 1.18 022 10 128% -0.12[-0.28,0.04] e —
Seung-uk Ko 2011 112 003 26 115 001 160 252% -0.03[-0.04,-0.02] -
Yavuzer et al 2006 0.85 0.2 26 1.06 0.2 20 16.6% -0.21[-0.33,-0.09] —
Total (95% CI) 91 219 100.0% -0.09 [-0.18,-0.01] ~l—
Heterogeneity: Tau®= 0.01; Chi*= 2012, df= 5 (P = 0.001); F=75% } t t

-0.2
Favours [Non Ne

Forest plot of Comparison: Non-Neuropathy Vs Non-Diabetes: Gait Velocity

01

0

0.1 0.2
uropathy] Favours [Control]

Fig. 3 Meta-analysis showing gait velocity in non-diabetes compared to diabetes without neuropathy (negative mean difference represents higher
mean values in the second group i.e. non-diabetes)
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Neuropathy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anita 2013 1.3 02 10 1.3 01 10 15.0% 0.00 [-0.14,0.14] ——
Rao et al 2006 1.06 0.1 10 1.21 0.07 10 252% -0.15[-0.23,-0.07] —
Raoetal 2010 1.08 015 15 112 041 15 223%  -0.04[-0.13,0.08)] — T
Savelberg etal 2010 115 015 8 1.28 015 10 149%  -0.13[0.27,0.01] e —
Sawacha Z 20092 1.2 02 26 1.4 01 20 228% -0.20[0.29,-0.11] —
Total (95% CI) 69 65 100.0% -0.11[-0.18,-0.04] S
Heterogeneity: Tau®= 0.00; Chi*= 9.60, df= 4 (P = 0.05); I*= 58% s 025 o 055 0's

Test for overall effect Z= 3.10 (P = 0.002) Favours [Neuropathy] Favours [Control]

Forest plot of Comparison: Neuropathy Vs Non-Diabetes: Stride length
Fig. 4 Meta-analysis showing stride length in non-diabetes compared to diabetes with neuropathy (negative mean difference represents higher
mean values in the second group i.e. non-diabetes)

Neuropathy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Sawacha Z 2009a 073 041 26 05 04 20 53.2% 0.23[0.17,0.29] —i—
Yavuz et al 2008 0.83 0.14 15 072 041 20 46.8% 0.11[0.03,0.19] ——
Total (95% CI) 41 40 100.0% 0.17 [0.06, 0.29] —~eall——

Heterogeneity: Tau®=0.01; Chi*=5.35,df=1 (P=0.02), F=81%
Test for averall effect: Z= 2.90 (P = 0.004)

02 01 0 01 o0
Favours [Neuropathy] Favours [Control]

Forest plot of Comparison: Neuropathy Vs Non-Diabetes: Stance period
Fig. 5 Meta-analysis showing stance period in diabetes with neuropathy compared to non-diabetes (positive mean difference represents higher
mean values in first group i.e. diabetics with neuropathy)

Non Neuropathy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Anita 2013 1.4 01 10 1.3 01 10 237% 0.10[0.01,0.19] I E—
Savelberg etal 2010 122 013 10 1.28 015 10 19.6% -0.06[-0.18, 0.06]
Sawacha Z 2009a 123 041 21 1.4 01 20 26.6% -0.17[-0.23,-0.11] L E—
Seung-uk Ko 2011 1.21 002 26 1.24 001 160 301% -0.03[0.04,-0.02] =
Total (95% Cl) 67 200 100.0%  -0.04[-0.13,0.05] *
Heterogeneity: Tau®= 0.01; Chi*= 28.64, df= 3 (P < 0.00001); F=90% -El'.2 —d.1 ﬁ 0|1 012

Testfor overall effect. 2= 0.90 (P = 0.37) Favours [Non Neuropathy] Favours [Control]

Forest plot of Comparison: Non-Neuropathy Vs Non-Diabetes: Stride length
Fig. 6 Meta-analysis showing stride length in non-diabetes compared to diabetes without neuropathy (negative mean difference represents higher
mean values in the second group i.e. non-diabetes)

Mean Difference

Neuropathy Non Neuropathy Mean Difference
Study or Subgroup  Mean _ SD Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% CI
Sawacha Z 2009a 1.2 02 26 1.23 0.1 21 654%  -0.03[-0.12,0.06] —
Sawacha Z2012 1.24 019 20 133 02 20 346% -0.09[0.21,0.03] &
Total (95% Cl) 46 41 100.0% -0.05[-0.12,0.02] —eati——
02

Heterogeneity: Tau®= 0.00; Chi*=0.62, df=1 (P=0.43); F=0%
Test for overall effect: Z=1.40 (P = 0.16)

-0.1 A
Favours [Neuropathy] Favours [Non Neuropathy]

-0.2
Forest plot of Comparison: Neuropathy Vs Non-Neuropathy : Stride length

Fig. 7 Meta-analysis showing stride length in diabetes without neuropathy compared to diabetes with neuropathy (negative mean difference
represents higher mean values in the second group i.e. Diabetes without neuropathy)
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neuropathy and non-diabetes group (Fig. 10a). The Meta-
analysis report showed that maximum knee flexion angle
was significantly higher in non-diabetes group at high
effect level (—4.75, 95 % CI —7.53 to 1.97, p = 0.0008 and
lower heterogeneity I = 21 %). However no conclusion
could be drawn between neuropathy and non-neuropathy
group regarding maximum knee flexion range of motion
(Fig. 10b). Similarly the maximum ankle dorsiflexion
angle was found to be significantly higher in non-diabetes
group compared to both neuropathy and non-neuropathy
group at moderate effect level, however there was a higher
heterogeneity of I> = 95 % (neuropathy and non-diabetes)
as one study (Gomes et al. 2011) had lower mean values
compared to other studies (Fig. 11a). Also similar to knee
joint, no significant difference was seen at ankle dorsiflex-
ion for neuropathy and non-neuropathy group (Fig. 11b).
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Kinetics

The kinetic variables of interest reported from the
included study were plantar pressure, GRF (ground reac-
tion force) and joint moment.

Plantar pressure

This was the most common variable studied by many
authors. The plantar pressure was divided into three areas
like forefoot, mid-foot and hind foot. Average plantar
pressure was reported by three studies (Rao et al. 2010;
Zimny et al. 2004; Yavuz et al. 2008). The meta-analysis
report suggested that there was very high heterogene-
ity I> = 81 % between neuropathy and non-diabetes
group although a significant higher value of plantar pres-
sure was seen in neuropathic group at moderate effect
(p = 0.03; Fig. 12). Hind foot and mid foot pressure was

Heterogeneity: Tau®= 7.04; Chi*=7.84, df=2 (P=0.02); F=75%
Test for overall effect: Z=0.31 (P=0.75)

Neuropathy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Anita 2013 432 44 10 447 44 10 29.8%  -1.50[5.23,2.23] &
Gomes 2011 20.2 3.86 23 17.97 346 23 38.7% 2.23[0.11, 4.35] — &
Yavuzer et al 2006 366 6.8 20 397 389 20 31.4% -3.10[6.54,0.34] e
Total (95% CI) 53 53 100.0%  -0.56 [4.05,2.94]

4 2 0 2 4
Favours [Neuropathy] Favours [Control]

Forest plot of Comparison: Neuropathy Vs Non-Diabetes: Maximum hip flexion
Fig. 8 Meta-analysis report for hip flexion range between neuropathy and non-diabetes participants (results do not favor either group)

a
Non Neuropathy Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anita 2013 48.5 5.9 10 447 441 10 457% 3.80 [-0.65, 8.29] - &
Yavuzer et al 2006 375 5.8 26 397 39 20 543% -2.20[-5.01,0.61] ——
Total (95% CI) 36 30 100.0%  0.54[-5.32,6.40] ——-’———
Heterogeneity: Tau®= 14.39; Chi*= 4.99, df=1 (P = 0.03); F= 80% _11 0 _55 3 é 150
Test for overall effect Z=0.18 (P = 0.86) Favours [Non Neuropathy] Favours [Control]
Forest plot of Comparison: Non-Neuropathy Vs Non-Diabetes: Maximum hip flexion
b
Neuropathy Non Neuropathy Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anita 2013 432 44 10 485 59 10 453% -5.30[-9.86,-0.74] . B
Yavuzer et al 2006 366 68 20 375 58 26 547%  -0.90[-4.62,2.82] ——
Total (95% Cl) 30 36 100.0% -2.89 [-7.19,1.40] —e——
Heterogeneity: Tau®=5.17, Chi*=2.15, df=1 (P = 0.14); F=53% _150 _! 3 é 110
Testfor overall effect Z=1.32 (P = 0.18) Favours [Neuropathy] Favours [Non Neuropathy]
Forest plot of Comparison: Neuropathy Vs Non-Neuropathy : Maximum hip flexion
Fig. 9 a Meta-analysis report for hip flexion range between non-neuropathy and non-diabetes participants (results do not favor either group). b
Meta-analysis report for hip flexion range between non-neuropathy and neuropathy (negative mean difference represents higher mean values in
the second group i.e. diabetes without neuropathy)
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Test for overall effect: Z= 3.35 (P = 0.0008)

Forest plot of Comparison: Neuropathy Vs Non-diabetes:

a Neuropathy Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Anita 2013 255 61 10 307 47 10 27.4% -5.20[9.97,-0.43] I E—
Gomes 2011 26.3 4.84 23 295 549 23 537% -3.20[6.19,-0.21] —il—
Yavuzer et al 2006 449 129 20 534 42 20 18.9% -8.50[-14.45,-2.55] —
Total (95% CI) 53 53 100.0% 4.75[-7.53,-1.97] ’
Heterogeneity: Tau®=1.41; Chi*= 2.55, df= 2 (P= 0.28); F=21% _150 % 5 é 110

Favours [Neuropathy] Favours [Control]

Maximum knee flexion

Heterogeneity: Tau®= 38.00; Chi*=5.20,df=1 (P=0.02); F=81%
Testfor overall effect: Z=0.43 (P = 0.67)

Fig. 10 a Meta-analysis report for knee flexion range between neuropat
higher mean values in the second group i.e. non-diabetes). b Meta-analy
(results do not favor either group)

b

Neuropathy Non Neuropathy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anita 2013 255 641 10 322 586 10 52.3% -6.70[-11.83,-1.57] —
Yavuzer et al 2006 449 129 20 #19 87 26 47.7% 3.00[-3.57,9.57] =
Total (95% CI) 30 36 100.0% -2.08[-11.57,7.42]

Forest plot of Comparison: Neuropathy Vs Non-Neuropathy: Maximum knee flexion

-10 -5 0 5 10
Favours [Neuropathy] Favours [Non Neuropathy]

hy and non-diabetic participants (negative mean difference represents
sis report for knee flexion range between neuropathy and non-neuropathy

Test for overall effect: Z= 2.19 (P = 0.03)

Forest plot of Comparison: Neuropathy Vs No

a Neuropathy Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% ClI
Anita 2013 185 88 10 277 541 10 17.2% -9.20[-15.50,-2.90] —_—
Gomes 2011 563 248 23 58 172 23 21.7% -0.17 [-1.40, 1.06) -
Sauraetal 2010 20.24 408 16 2901 329 10 20.8% -8.77[11.63,-5.91] —
Yavuzer et al 2006 191 58 20 198 57 20 201% -0.80 [-4.40, 2.80] —
Zimny 2004 179 4.14 35 31 876 30 20.3% -13.10[-16.52,-9.68] ——
Total (95% Cl) 104 93 100.0% -6.25[-11.85, -0.66] il
Heterogeneity: Tau*= 37.16; Chi*= 74.17, df= 4 (P < 0.00001); F= 95% _320 _1?0 o 130 26

Favours [Neuropathy] Favours [Control]

n-diabetes: Maximum ankle dorsiflexion

Test for overall effect: Z= 0.95 (P = 0.34)

non-neuropathy (results do not favor either group)

b Neuropathy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Baccarin 2009 342 76 17 337 95 20 18.3% 5.00[-50.12,60.12] . TE—
Melai T 2011 425 118 76 359 93 19 20.2% 66.00(16.48,115.52) —
Rehmanetal 2006 1183 33.4 15 1356 423 30 31.0% -17.30(-39.99,5.39] —
Sacco 2009 220 40 15 196 27 16 30.4% 24.00(-0.18,48.18] |
Total (95% Cl) 123 85 100.0% 16.21[-17.37,49.79] %
Heterogeneity: Tau®= 812.09; Chi*= 11.74, df= 3 (P = 0.008); F= 74% ) 300 -5:50 3 55 160

Forest plot of Comparison: Neuropathy Vs Non-Neuropathy: Maximum ankle dorsiflexion

Fig. 11 a Meta-analysis report for ankle dorsiflexion range between neuropathy and non-diabetic participants (negative mean difference rep-
resents higher mean values in the second group i.e. non-diabetes). b Meta-analysis report for ankle dorsiflexion range between neuropathy and

Favours [Neuropathy] Favours [Control]

reported by Bacarin et al. (2009), Melai et al. (2011), Rah-
man et al. (2006), Sacco et al. (2009). There was a lot of
variability among the researchers while reporting mean
plantar pressure in these two areas. As a result very high

heterogeneity was obtained in the meta-analysis report
(Fig. 13a, b). Only two studies reported the data on hind
foot and fore foot pressure between non-neuropathy and
non-diabetes group. The meta-analysis report was not



Hazari et al. SpringerPlus (2016) 5:1819

Page 14 of 19

Test for overall effect: Z=2.15 (P=0.03)

first group i.e. diabetes with neuropathy)

Neuropathy Control Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Rao et al 2006 272 61 10 246 15 10 41.1%  26.00[-12.93, 64.93] T
Yavuz et al 2008 6142 2466 15 4975 1352 20 16.5% 116.70[21.45, 254.85] -
Zimny 2004 274 80 35 164 60 30 42.4% 110.00(75.89,144.11)] ——
Total (95% CI) 60 60 100.0% 76.58 [6.88, 146.28] —~l—

o 2 - . 2= - - R = + } + }
Heterogeneity: Tau?= 2682.43; Chi*= 10.48, df= 2 (P = 0.005); F=81% Sho -1bo b 160 200

Favours [Neuropathy] Favours [Control]

Forest plot of Comparison: Neuropathy Vs Non-diabetes: average plantar pressure
Fig. 12 Meta-analysis report for plantar pressure between neuropathy and non-neuropathy (positive mean difference represents higher values in

Test for overall effect: Z=0.95 (P = 0.34)

a
Neuropathy Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Baccarin 2009 342 76 17 337 85 20 18.3% 5.00[50.12,60132] D
Melai T 2011 425 118 76 359 93 19 20.2% 66.00[16.48,115.52] e —
Rehmanetal 2006 1183 33.4 15 1356 423 30 31.0% -17.30[-39.99,5.39] —
Sacco 2009 220 40 15 196 27 16 30.4% 24.00[-0.18,48.18] —
Total (95% CI) 123 85 100.0% 16.21[-17.37,49.79] ’
Heterogeneity: Tau®= 812.08; Chi*=11.74, df= 3 (P = 0.008); = 74% bt o 3 r T

Forest plot of Comparison: Neuropathy Vs Non-diabetes: hind foot pressure

Favours [Neuropathy] Favours [Control]

Test for overall effect: Z=1.92 (P = 0.05)

first group i.e. diabetes with neuropathy)

b
Neuropathy Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total \Weight IV, Random, 95% ClI IV, Random, 95% ClI
Baccarin 2009 365 93 17 347 88 20 21.4%  18.00 [[40.67, 76.67] e —
Melai T 2011 501 198 76 364 75 19 221% 137.00([81.15,192.85] L —
Rehmanetal 2006 1038 52 15 891 377 30 28.6% 14.80[14.77,44.37] T
Sacco 2009 245 56 15 218 35 16 27.8% 27.00[-6.12,60.12] T
Total (95% Cl) 123 85 100.0%  45.92[-0.86,92.70] et
Heterogeneity: Tau®= 1762.25; Chi*= 15.14, df= 3 (P = 0.002); F= 80% _2100 _1100 o 160 260

Forest plot of Comparison: Neuropathy Vs Non-diabetes: fore foot pressure

Fig. 13 a Meta-analysis report for hind foot pressure between neuropathy and non-diabetic participants (results do not favor either group). b
Meta-analysis report for fore foot pressure between neuropathy and non-diabetic participants (positive mean difference represents higher values in

Favours [Neuropathy] Favours [Control]

significant with very high heterogeneity (Fig. 14a, b). It
was difficult to determine which group has higher plantar
pressure based on two studies (Melai et al. 2011; Rahman
et al. 2006). Whereas three studies (Melai et al. 2011; Rah-
man et al. 2006; Caselli et al. 2002) reported hind foot and
fore foot pressure between neuropathy and non neuropa-
thy group. The meta-analysis report suggested there was
no significant difference at hind foot however a significant
higher value of forefoot pressure with moderate effect size
(p = 0.02) was found in neuropathy group though the het-
erogeneity was again high I*> = 84 % (Fig. 14c).

Ground reaction force (GRF)
The vertical ground reaction force at initial contact and
toe was reported in five studies (Yavuzer et al. 2006;

Raspovic 2013; Sawacha et al. 2012; Saura et al. 2010;
Uccioli et al. 2001). The Meta analysis report on vertical
GREF at initial contact and toe off neuropathy and control
group as well as between non-neuropathy and non-dia-
betes group showed that there was no significant differ-
ence. These findings could be seen as there was a lot of
variability among the studies while reporting the mean
values due to which the heterogeneity was also very high
(Figs. 15a, b and 164, b).

Joint moment

Joint flexion/extension moment is one the important
kinetic variable for biomechanical analysis. Peak knee
and hip joint flexion and extension moment was reported
by two studies (Yavuzer et al. 2006; Savelberg et al. 2009).
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a
Non Neuropathy Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Melai T 2011 419 109 33 359 93 19 458%  60.00[4.04,115.96] —
Rehmanetal 2006 1039 415 30 1356 423 30 54.2% -31.70[-52.90,-10.50] ——
Total (95% Cl) 63 49 100.0% 10.34 [-79.21, 99.90] _‘*-
Heterogeneity: Tau®= 3738.30; Chi®=9.02, df=1 (P = 0.003), F=89% t t T t }
el - -200 -100 0 10 200
Testfor overall effect Z=0.23 (P = 0.82) Favours [Non Neuropathy] Favours [Control]
Forest plot of Comparison: Non-Neuropathy Vs Non-diabetes: hind foot pressure
b
Non Neuropathy Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Melai T 2011 448 133 33 364 75 19 44.9% 84.00[27.46, 140.54] —
Rehman et al 2006 886 409 30 891 377 30 551%  -0.50[-20.40,19.40]
Total (95% ClI) 63 49 100.0% 37.44 [-44.94,119.81]
Heterogeneity: Tau®= 3102.52; Chi*=7.63, df=1 (P = 0.006), F=87% K IDD -550 ) 550 160
Testfor overall efiect: Z= 0.89 (P = 0.37) Favours [Non Neuropathy] Favours [Control]
Forest plot of Comparison: Non-Neuropathy Vs Non-diabetes: fore foot pressure
C
Neuropathy Non Neuropathy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Caselli 2002 620 405 57 330 210 20 18.1% 290.00[150.27, 429.73] e —
Guldemond 2008 689 279 44 551 226 49 226% 138.00[34.08, 241.92) I —
Melai T 2011 501 198 76 448 133 33 279% 53.00[-10.57,116.57] T
Rehmanetal 2006 1039 52 15 886 409 30 31.4% 15.30[14.81, 45.41] -
Total (95% Cl) 192 132 100.0% 103.26 [14.04, 192.48] -
Heterogeneity: Tau®= 6366.06; Chi*= 18.45, df= 3 (P = 0.0004), F=84% 200 250 250 500

Testfor overall effect. Z= 2.27 (P = 0.02) Favours [Neuropathy] Favours [Non Neuropathy]

Forest plot of Comparison: Neuropathy Vs Non-diabetes: fore foot pressure

Fig. 14 a Meta-analysis report for hind foot pressure between non-neuropathy and non-diabetic participants (results do not favor either group).
b Meta-analysis report for fore foot pressure between non-neuropathy and non-diabetic participant (results do not favor either group). € Meta-
analysis report for fore foot pressure between neuropathy and non-neuropathy (positive mean difference represents higher values in first group i.e.

diabetes with neuropathy)

Whereas ankle joint moment was the outcome variable
of interest for four studies viz. (Yavuzer et al. 2006; Rao
et al. 2010; Savelberg et al. 2009; Rahman et al. 2006).
Our meta-analysis report on combining the data from
the above studies showed that there was a statistically sig-
nificant difference between neuropathy and non-diabetes
group while reporting peak plantar flexor moment with
p = 0.006 and there was minimum heterogeneity among
the studies I* = 2 % (Fig. 17). However, only two studies
report on hip and knee joint moment it was difficult to
establish a significant difference (Figs. 18 and 19).

Discussion

From the above results and findings it can be said that
there were inconsistency and variability among the
researchers while reporting the kinetics and kinematics of
foot among the comparable groups, though some degree
of agreement was seen in reporting certain variables. For
easy understanding, it would be relevant to discuss them

according to results and findings above. From meta-anal-
ysis in Fig. 2 it could be suggested that participants with
diabetes and underlying neuropathy walked with slower
speed compared to non-diabetes individuals of the same
age group. The findings were similar to the previous stud-
ies except the study done by Sawacha et al. (2009). The
lower walking speed in neuropathy could be seen as a
result of motor weakness as well as underlying proprio-
ceptive deficient due to sensory neuropathy (Fernando
et al. 2013). Similarly other related Spatio-temporal
parameters of gait like stride length was also seen to be
lower in neuropathy group. In accordance with findings
from previous study, we estimated hip, knee and ankle
joint angles to be lower in DPN group when compared
to the non-neuropathy and non-diabetes group. The
findings from the meta-analysis favored our hypothesis
except for hip flexion angle. Two studies study (Yavu-
zer et al. 2006; Raspovic 2013) reported that maximum
hip flexion was reduced in neuropathy group, however
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a
Neuropathy Non Neuropathy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anita 2013 106 7 10 114 15 10 18.6% -8.00[-18.26,2.26]
Sauraetal 2010 103.88 482 16 918 85 10 25.6% 12.08(6.31,17.85) e —
Uccioli et al 2001 873 84 19 913 9 27 26.6% -4.00[-9.08,1.08] —
Yavuzer et al 2006 95 53 20 931 49 26 29.3% 1.90 [-1.09, 4.89] T
Total (95% ClI) 65 73 100.0%  1.09[-5.92,8.10] -*—-
Heterogeneity: Tau®= 41.43; Chi*= 20.70, df= 3 (P = 0.0001); F= 86% -2:0 _110 ) 150 210
Test for overall efiect Z= 0.30 (P = 0.76) Favours [Neuropathy] Favours [Non Neuropathy]

Forest plot of Comparison: Neuropathy Vs Non-diabetes: vertical GRF at initial contact

Neuropathy Non Neuropathy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anita 2013 103 8 10 107 6 10 31.3% -4.00[10.20,2.20]
Sauraetal 2010 106.38 83 16 936 69 10 31.9% 12.78(6.88, 18.68] L E—
Yavuzer et al 2006 956 44 20 95 43 26 36.8% 0.60 [-1.94,3.14]
Total (95% Cl) 46 46 100.0% 3.04 [-5.16,11.24]
Heterogeneity: Tau®= 45.86; Chi*=17.51, df= 2 (P = 0.0002); F= 89% -ZID _1{0 0 1=0 2=g
Testfor overall effect: Z= 0.73 (P = 0.47) Favours [Neuropathy] Favours [Non Neuropathy]

Forest plot of Comparison: Neuropathy Vs Non-diabetes: vertical GRF at toe off

Fig. 15 a Meta-analysis report for vertical ground reaction force at initial contact between neuropathy and non-neuropathy (results do not favor
either group). b Meta-analysis report for vertical ground reaction force at toe off between neuropathy and non-neuropathy (results do not favor
either group)

a
Neuropathy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Anita 2013 106 7 10 106 5 10 18.6% 0.00[-5.33,5.33]
Sauraetal 2010 103.88 4.82 16 91.2 44 10 20.5% 12.68[9.07,16.29] —
Sawacha Z 2012 825 287 12 8064 317 12 21.5% 1.86 [-0.56, 4.28] T
Uccioli et al 2001 873 84 19 938 84 21 18.7% -6.50[11.71,-1.29] e —
Yavuzer et al 2006 95 53 20 942 56 20 207% 0.80[-2.58, 4.18] B
Total (95% CI) 77 73 100.0%  1.95[-3.56,7.46] -’
Heterogeneity: Tau®= 35.21; Chi*= 44.02, df= 4 (P < 0.00001); F=91% _150 15 o é 110
Test for overall effect: Z= 0.69 (P = 0.49) Favours [Neuropathy] Favours [Control]
Forest plot of Comparison: Neuropathy Vs Non-diabetes: vertical GRF at initial contact
b
Neuropathy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Anita 2013 103 8 10 106 5 10 31.8%  -3.00[-8.85, 2.85] — &
Sauraetal 2010 106.38 83 16 9382 53 10 32.7% 12.56[7.33,17.79] —
Yavuzer et al 2006 956 4.4 20 965 54 20 354% -0.90 [-3.95, 2.15] —
Total (95% Cl) 46 40 100.0% 2.84[-6.00,11.68]
Heterogeneity: Tau®= 54.96; Chi*= 21.84, df= 2 (P < 0.0001); F=91% _110 5 5 5 1!0
Test for overall effect: Z=0.63 (P = 0.53) Favours [Neuropathy] Favours [Control]

Forest plot of Comparison: Neuropathy Vs Non-diabetes: vertical GRF at toe off

Fig. 16 a Meta-analysis report for vertical ground reaction force at initial contact between neuropathy and non-diabetics (results do not favor
either group). b Meta-analysis report for vertical ground reaction force at initial toe off between neuropathy and non-diabetics (results do not favor
either group)

contradictory to this one study suggested that hip angle = compensate lower knee and ankle joint range of motion
was higher (Gomes et al. 2011). The higher hip flexion in neuropathy individuals. It could be seen as a gait stabi-
angle could be seen as a compensatory mechanism to lizing strategy by the neuropathy participants. Looking at
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Test for overall effect: Z=2.77 (P = 0.006)

mean values in the second group i.e. non-diabetes)

Neuropathy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Rao etal 2006 1.21 018 10 1.4 025 10 151%  -0.19[0.38,0.00]
Rao etal 2010 1.27 047 15 1.4 017 15 36.7% -0.13[-0.25,-0.01] —
Savelberg et al 2009 1.64 026 8 1.59 017 10 12.7% 0.05[-0.16, 0.26] I B —
Yavuzer et al 2006 1.2 02 20 1.3 02 20 354%  -0.10[-0.22,0.02] — &
Total (95% CI) 53 55 100.0% -0.11[-0.18,-0.03] -
Heterogeneity: Tau®= 0.00; Chi*= 3.05, df=3 (P = 0.38); F=2% t

Forest plot of Comparison: Neuropathy Vs Non-diabetes: Peak Plantar Flexor Moment
Fig. 17 Meta-analysis report for peak plantar flexor moment between neuropathy and non-diabetics (negative mean difference represents higher

02 -04 0 01 02
Favours [Neuropathy] Favours [Control]

Heterogeneity: Tau®=0.12; Chi*=5.06, df=1 (P=0.02); F=80%
Test for overall effect: Z=0.16 (P = 0.87)

Neuropathy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Savelberg et al 2009 023 03 8 045 036 10 51.9%  -0.22[0.52,0.08]
Yavuzer et al 2006 0.81 0.56 20 048 0863 20 48.1% 0.33 [-0.04,0.70]
Total (95% ClI) 28 30 100.0%  0.04[-0.49, 0.58]

Forest plot of Comparison: Neuropathy Vs Non-diabetes: Peak knee extension moment
Fig. 18 Meta-analysis report for peak knee extension moment between neuropathy and non-diabetics (results do not favor either group)

-1 -0.5 0 05 1
Favours [Neuropathy] Favours [Control]

Heterogeneity: Tau®= 0.00; Chi*= 0.04, df=1 (P = 0.85); F= 0%
Test for overall effect: Z=0.40 (P = 0.69)

Neuropathy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Savelbergetal 2008  -0.75 0.36 8 -07 012 10 28.8% -0.05[0.31,021] =—]
Yavuzer et al 2006 0.49 032 20 051 02 20 71.2% -0.02[-0.19,0.15]
Total (95% ClI) 28 30 100.0% -0.03[-0.17,0.11]

Forest plot of Comparison: Neuropathy Vs Non-diabetes: Peak hip flexion moment
Fig. 19 Meta-analysis report for peak hip flexion moment between neuropathy and non-diabetics (results do not favor either group)

02 04 0 01 02
Favours [Neuropathy] Favours [Control]

kinematics of foot, findings from the studies that focused
on the force generation at the hip, knee and ankle and
was similar and it was reported that the propelling and
braking forces were reduced in the diabetic peripheral
neuropathy (DPN) group compared to diabetes mellitus
without neuropathy and non-diabetes group (Savelberg
et al. 2009). This was expected because we hypothesized
that the motor neuropathy leads to proximal and dis-
tal muscular weakness of lower extremity (Bansal et al.
2006). However the results regarding the joint moment
were inconsistent. The higher values of ankle plantar flex-
ion moment was found in DPN participants by Sawacha
et al. (2009), Savelberg et al. (2009) whereas as Yavuzer
et al. (2006), Rao et al. (2010) had reported a lower value.
The present study and meta-analysis report show that the
result was favorable to what reported by Yavuzer et al.
(2006) and DPN group had lower mean values. Similarly
the results for the knee flexion and extension moments

were also inconsistent and a lower degree of agreement
was seen among the researchers. The findings could be
attributed to different methods and tools used by the
researchers. The difference could also be seen as a result
of compensatory strategy with knee joint flexion angle. It
was reported that the motor component of DPN mani-
fests in a glove and stocking distribution and affects distal
joints first (Tesfaye and Selvarajah 2012).

The joint stiffness in diabetic group with neuropathy
and non-neuropathic participants was evaluated by Wil-
liams et al. (2007). They found that the ankle stiffness in
neuropathic group was significantly higher with p value
of <0.01 at 65-80 % of gait cycle. Unlike ankle, the dif-
ference in knee stiffness was found in 50-65 % of gait
cycle. The ankle and knee joint stiffness could be a result
of motor neuropathy.

The vertical ground reaction force was found to
be higher at initial contact in DPN compared to
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non-neuropathy and non-diabetes participants. At toe off
the vertical GRF was found to be high in the study done by
Saura et al. (2010) which was just the opposite as reported
by Yavuzer et al. (2006). The study done by Sawacha et al.
(2012) reported a significant higher value of GRF and
Plantar Pressure (PP) at mid-foot and forefoot; this was an
important finding as these sites are more prone for ulcers.
The present study anticipated that the Vertical GRF in
neuropathy would be higher compared non-neuropathy
due to neurological and proprioceptive deficit, but unfor-
tunately there was a lot of heterogeneity (I> = 91 %) among
the researcher and therefore meta-analysis report was
insignificant. This suggests that it would be difficult to say
with confidence that neuropathy leads to higher ground
reaction force. However individual studies have suggested
this fact with greater evidence along with probable rea-
sons. When we look at the plantar pressure distribution,
the meta-analysis results suggests that the average plantar
pressure, fore-foot pressure, mid-foot pressure were high
in neuropathy (Fig. 11 analysis 1.11, Fig. 12 analysis 1.12).
Since there are musculoskeletal changes and intrinsic foot
muscles become weak, similar results could be expected. It
should be noted that high pressure are the most important
risk factors for developing foot ulcers, neuropathy individ-
uals are always at a higher risk of developing diabetic foot
ulcers at forefoot and mid-foot. The higher plantar pres-
sure in neuropathy could be seen as reduction in plantar
tissue thickness in diabetes population. The plantar tissue
thickness was reported in two studies (Kumar et al. 2015;
Zheng et al. 2006). The former study used the ultrasound
indentation system to assess the tissue thickness whereas
the other study used the diagnostic ultrasound in a clini-
cal setting. The study reported that there was a significant
reduction in the intrinsic foot muscle and tissue thickness
in the diabetic group compared to non-diabetic however
no significant difference was found between the DPN and
non-DPN group.

Conclusions

The review and the meta- analysis report are of great
clinical importance that clearly suggested that there was
a significant difference in kinetic and kinematic param-
eters among the participants with type 2 diabetes mellitus
underlying peripheral neuropathy, participants with type 2
diabetes without peripheral neuropathy and non-diabetes
participants. Higher values of ground reaction force and
plantar pressure has been found in diabetes group with
underlying neuropathy which could lead to ulceration and
other foot complications. An early screening and analysis
of biomechanical alterations in diabetes population can
prevent foot complications and subsequent amputation.
The review also found that majority of the study had used
smaller sample size; therefore a study with larger sample
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size should be done in order to propose the results more
strongly. Based on this review future studies can also be
proposed with various interventions to overcome altered
foot biomechanics in type 2 diabetes mellitus.
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