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ABSTRACT Limitation in joint mobility was recognized as the most common and earliest long-term complication of
patients with type 2 diabetes mellitus. The study assessed the range of motion in selected joints of patients with type 2
diabetes mellitus and compared it with aged-matched healthy individuals

Fifty subjects volunteered to participate in the study this comprised of 25 patients with type 2 diabetic mellitus and 25
age and sex matched healthy individuals.

The range of motion of the joints of the shoulder, wrist thumb, index and the middle fingers of diabetics and normal
subjects were measured with a full circle universal goniometer using a standard protocol. Data were analyzed using
descriptive and inferential statistics. Alpha level was set at 0.05

The result showed that there was a significant difference between the range of motion of the measured joints; shoulder
(t=-23, p=0.000), metacarpophalangeal joints of the index finger in flexion (t=7.056, p=0.000) and extension (t=-13.548,
p=0.000) in diabetics when compared with non-diabetic subjects (p<0.005).

In conclusion, limited joint mobility occurs in subjects with type 2 diabetics as one of the complications of the disease.
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Introduction

Diabetes Mellitus (DM) is a significant health problem with a
report by the World Health Organization that about 422 million
people have diabetes mellitus in the world[1]. The prevalence
of diabetes mellitus is increasing rapidly; by 2025 it’s suggested
that the number of people with diabetes mellitus will be dou-
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bled[1]. According to International Diabetes Foundation[2] it
was estimated that about 415 million adults have diabetes, it’s
expected to rise to 642 million by 2040. Seventy-five percent
of adults with diabetes are found in low and middle-income
countries, and about 5 million people died of diabetes in 2015 [2].
The prevalence of diabetes in Africa is 1% in rural areas, and it
ranges from 5%-7% in urban sub-Saharan African [3]. Past stud-
ies in Nigeria have shown the prevalence of the condition among
the citizens in which the prevalence was at 0.8% to 2.8%[4],[5].
However, the current prevalence of DM in Nigeria is not known
but maybe around 8% to 10%. [6].

Diabetes mellitus is a chronic disease that occurs when the
pancreas fails to produce insulin or when the body cannot uti-
lize the insulin produced[2]. The world health organization
classified diabetes mellitus into two principal forms, type 1 dia-
betes also known as insulin-dependent diabetes mellitus(IDDM)
and typed 2 diabetes known as non-insulin dependent diabetes
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(NIDDM) [1]. In type 1 diabetes, the pancreas fails to produce
insulin, and in type 2 diabetes is as a result of ineffective use of
the insulin produced by the pancreasl. Fisman et al. reported
that the prolong hyperglycemia was due to increased protein
glycation among diabetes patients and the resultant generation
of free radicals which leads to glycation of extracellular matrix
and increased tissue stiffness|7].

Diabetes mellitus is one of the leading cause of neuropathy,
and the most prevalent clinical form of diabetic neuropathy is
distal symmetrical polyneuropathy affecting about 90 percent
of the patients [8],[9]. Limitation in joint mobility was recog-
nized as the most common and earliest long-term complication
of type 1 DM and also in type 2 DM[10]. Musculoskeletal dis-
orders, Achilles tendon pathology, trigger finger, Dupuytren
limited joint mobility syndrome, carpal tunnel syndrome, frozen
shoulder and plantar fasciitis have been found to occur more
often in subjects with diabetes compared to non-diabetics [11].
Reduced joint mobility is frequent but not widely recognized
musculoskeletal complication of diabetes [12]. Ikem et al doc-
umented some of the characteristics of diabetic foot disease,
another study on the association between the hand abnormal-
ity and the duration of diabetes but not age or sex was carried
out by Gamstedtit are appropriate to evaluate the effects of dia-
betes on a range of motion of hand and shoulder joints [12],[13].
Hence, this study therefore, assessed the quantitative effects of
type 2 diabetes mellitus in these joints especially among blacks.

Materials and Methods

Subjects

Subjects for this study were individuals with type 2 diabetes
mellitus attending the diabetes clinics of the Obafemi Awolowo
University Teaching Hospital Complex (OAUTHC), Ile-Ife, Osun
State and healthy individuals of the same age and sex.

Inclusion Criteria

The study involved both male and female individuals with type
2 diabetes mellitus attending the diabetes clinics of Obafemi
Awolowo University Teaching Hospital Complex (OAUTHC),
Ile-Ife, Osun State for at least one year and healthy individuals
of the same age and sex.

Exclusion Criteria

1. Patients with limited joint mobility due to trauma
2. Patients with stroke

3. Patients with joint disease like osteoarthritis

Sampling Technique

Patients were selected using purposive sampling technique
while healthy individuals were randomly selected.

Sample size determination
For a study comparing two means according to Eng, the equation
for sample size is: [14]
4‘72 Zcri +Z wr z
N= ( £)2 p )

Where N is the total sample size (the sum of the sizes of
both groups), ¢ Is the assumed SD of each group (assumed to
be equal for both groups) and this is assumed to be 6. Z_crit

is the standard normal deviate corresponding to the selected
significance criterion (i.e. 0.05(95% = 1.960).

Z_pwr is the standard normal deviate corresponding to se-
lected statistical power (i.e 0.80 = 0.842).

D is the minimum expected difference between the two
means and D =5

Therefore;

N=4 x 62 (1.96 + 0.842)* + 52

N=45.22~ 45

This was increased to 50 because of attrition.

Therefore a total number of 50 participants were enrolled for
this study (25 diabetic patients and 25 non-diabetics).

Instruments
The following materials were used:

1. A full circle universal goniometer( MultiCare Surgical Prod-
uct Corporation, New Delhi, India. 2016)

2. Butterfly tape rule
3. Hanson bathroom weighing scale

4. A firm plinth

Procedure:

The ethical approval was obtained from the Health Research and
Ethics Committee, Institute of Public Health, Obafemi Awolowo
University, Ile-Ife, Osun State, for the study. The purpose and
procedures of the research were explained to each subject, and
their informed consent was obtained as well. Participants were
also screened for history of trauma of the joint, joints disease
(osteoarthritis) and joint pain. The joints’ range of motion was
measured and recorded in degrees.

The range of motion of the following joint was measured
Shoulder joint.

The subject was in supine position, with the knee flexed to
flatten the lumbar spine. The shoulder is positioned in 0 degrees
of abduction, adduction, and rotation. The forearm is positioned
in 0 degrees of supination and pronation so that the palm faces
the body. The fulcrum of the goniometer was placed close to the
acromial process; the two arms were aligned along the lateral
midline of the humerus and extend over the lateral epicondyle of
the humerus. The subject was instructed to flex the shoulder, and
the angle was measured with the movable arm. For shoulder
extension the subject was in prone position, with the goniometer
at the same position as flexion, the subject was instructed to
move the hand backwards, the angle measured[15]

Wrist joint

The patient was in sitting position, the forearm resting on a
table for both wrist flexion and extension. The fulcrum of the
goniometer was placed at the level of the triquetrum. The sta-
tionary arm was aligned along the ulna in line with the olecranon
process and the ulnar styloid process. The movable arm was
aligned along the fifth metacarpal. For wrist flexion, the subject
was instructed to move the hand down and the angle measured.
Wrist extension was measured with the goniometer at the same
position, the subject was instructed to move the hand upward,
and the angle measured [15].
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Table 1 Comparison between physical characteristics of sub-
jects and control N=50

Subjects | Control | Total
n=25 n=25 n=50
Variables t-value | p-value
Mean Mean Mean
+SD +SD +SD
AGE 67.40 67.40 44.74
0.077 0.940
(YEARS) +6.30 £630 | +23.42
WEIGHT 70.12 70.12 66.40
0.432 0.669
(KG) +5.96 +5.96 +8.43
HEIGHT 1.67 1.68 11.80
0.538 670
M) +0.07 £0.07 | +10.39
BMI 25.10 25.10 39.87
0.260 798
(KG/M2) +2.63 £2.63 | +15.67

Joints of the hand

The axis was positioned laterally on the joint axis while the fixed
arm was aligned to the proximal bone (proximal phalange for the
interphalangeal joint and metacarpal for metacarpophalangeal
joint). In each case, the movable arm of the goniometer was
aligned to the distal bone of the joint at the neutral position. The
subject was asked to bend the respective distal part as fully as
possible. The final angle movement was measured[15].

Data analysis

The data was analyzed using Statistical Package for Social Sci-
ences version 17. Descriptive and inferential statistics were used
to summarize the data. Independent t-test was used to compare
a range of motion of diabetes mellitus patients and the control.

Results

Presented in table 1 is the comparison of the physical charac-
teristics of patients with type 2 diabetes mellitus and healthy
individuals. There was no significant difference (p> 0.05) be-
tween the physical parameters of patients with type 2 diabetes
mellitus and age match control.

Shown in table 2 is the sex distribution of the subjects and
control. It was observed that the number of male with diabetes
were more than that of female.

Shown in table 3 is the comparison between the range of
motion of subjects with diabetes and age matched control. It
was observed that significance differences were observed in the
range of motions of shoulder (t = 20.006, p = 0.00), wrist flexion
(t =4.234, p = 0.000), extension (t = -23.356, p = 0.000) and joints
of the fingers; metacarpophalangeal joints of the thumb flexion (t
=-14.920, p = 0.000) and extension (t = -41.302, p = 0.000), index
finger flexion (t = 7.056, p = 0.000) and extension (t = -13.548, p
= 0.000), between the patients and the control except the distal
interphalangeal joints of index and middle fingers (p>0.05).

Table 2 Sex Distribution of Subjects and Controls

Variables | Frequency | Percentage
Subjects N=25
Male 14 56
Female 11 44
Control
Male 14 56
Female 11 44
Total
Male 28 43.10
Female 22 33.80

COMPARISON OF RANGE OF MOTION BETWEEN MALE AND
FEMALE SUBJECTS

The range of joints motion between males and females subjects
were compared in table 4. No significant differences were seen
in the shoulder flexion (t = 0.228, p = 0.822) and extension (t =
0.850, p = 0.404), wrist flexion (t =-1.489, p = 0.150) and extension
(t =0.432, p = 0.163), metacarpophalangeal joints of the thumb
flexion (t =-0.770, p = 0.940) and extension (t = 0.432, p = 0.669),
of both male and female subjects.

Discussion

This study was carried out to assess the range of motion in se-
lected joints of patients with type 2 diabetes mellitus and age
and sex match control. The study observed no significant differ-
ence in ages, weight, height and body mass index (BMI) between
the patients and the controls. This indicates the homogeneity of
the two groups and that any variation observed in the measure-
ment were as a result of the disease not based on anthropometric
differences.

The study showed a significant reduction in the range of mo-
tion of the shoulder, wrist and the joints of fingers between type
2 diabetic and normal subjects. Our finding was in support of
the study of Cagliero and Aprizzesse [16]. They found limitation
in joints range of motion of patients with type 2 diabetes. What
is responsible for the reduction, Cagliero and Aprizzesse[16]
then explained that it was as a result of the non-enzymatic gly-
cosylation which might alter packing cross-linking and turnover
of the collagen fibres. This was in line with the conclusion by
Kameyama et al., [17] which says the proliferation of the endothe-
lia cells and thickness, tightness of the skin occurs in diabetic
patients. Finger joints are frequently affected in patients with
type 2 diabetes mellitus; this is supported in a study conducted
by Rajendran et al. [18].

The study also showed that for each joint evaluated there was
no significant difference between the males and females joints’
range of motion of patient with type 2 diabetics. However,
Schulte et al. reported a contrary view that limited joint mobility
worsens in association with male sex and study by Khader et al.,
showed that hand deformity occurs more in female gender than
in male [19],[20] The study also showed that most of the diabetic
patients are overweight with mean BMI of 25.10 kg/m2, this
means overweight is one of the risk factors for type 2 diabetes
mellitus. This was supported by a study conducted by Hart et
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Table 3 Comparison of Range of Motion of subjects and Control in Selected Joints N=50

JOINTS N=25 N=25 t-value | p-value
MEAN=+SD | MEAN=+SD

Thumb MCP | Flexion 48.16+6.34 80.48+8.75 | -14.920 | 0.000**

Extension 8.72+0.84 82.08+8.84 -14.302 | 0.000**

P Flexion 54.64+6.30 100.64+£12.19 | -16.757 | 0.000**

Index MCP | Flexion 60.08+10.14 | 65.64+11.06 7.056 0.000%**

Extension | 22.08+3.23 43.64+7.27 | -13.548 | 0.000**

PIP Flexion 80.48+8.75 82.68+8.93 16.187 | 0.000**

DIP Flexion 42.64+7.06 43.64+7.27 -0.493 | 0.000**

Middle Finger | MCP Flexion 62.68+8.98 68.24+9.97 6.473 0.000**

Extension | 21.92+2.64 37.08+6.04 | -11.495 | 0.000**

PIP Flexion 82.08+8.84 86.64+9.06 17.431 | 0.000**

DIP Flexion 43.64+7.27 46.24+8.97 -1.125 | 0.000**

Wrist Flexion 46.24+8.97 48.08+9.04 4.234 0.000**

Extension | 37.08+6.04 | 100.64+12.19 | -23.356 | 0.000**

Shoulder Flexion 100.64+12.19 | 101.68+12.47 | 20.006 | 0.000**

Key: MCP= Metacarpophalangeal Joint,

IP = Interphalangeal Joint,

PIP = Proximal Interphalangeal Joint,

DIP = Distal Interphalangeal Joint

** = Significant level at p<0.001
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Table 4 Comparison of Range of Motion between Male and Female subjects N=25

MALE FEMALE
JOINTS n=14 n=11 t-value | p-value
MEAN=+SD | MEANzSD
Thumb MCP Flexion 48.07+6.39 48.27+6.69 -0.770 0.940
Extension 8.79+0.97 8.64+0.67 0.432 0.669
P Flexion 54.78+5.02 54.45+7.90 0.128 0.900
Index MCP Flexion 59.07+9.03 61.36+11.73 -0.553 0.586

Extension 21.93+£1.90 22.27+4.50 -0.260 0.798

PIP Flexion 83.43+8.79 76.72+7.46 2.020 0.550

DIP Flexion 41.93+5.33 43.54+9.00 -0.560 0.581
Middle Finger | MCP Flexion 61.21+8.51 64.54+9.63 -0.917 0.369
Extension | 22.36+1.82 21.36+3.44 0.930 0.362
PIP Flexion 83.93+8.76 79.73+8.76 1.190 0.246
DIP Flexion 43.28+4.92 44.09+9.75 -0.269 0.790

Wrist Flexion 43.93+6.64 49.18+10.91 -1.489 0.150

Extension 35.57+5.02 39.00+6.90 -1.440 0.163
Shoulder Flexion 101.14+11.17 | 100.00+£13.92 | 0.228 0.822
Extension 49.36+3.75 47.82+5.31 0.850 0.404

Key: MCP = Metacarpophalangeal Joint,
IP = Interphalangeal Joint,
PIP = Proximal Interphalangeal Joint,

DIP = Distal Interphalangeal Joint
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al. that increased BMI was the dominant risk factor for type 2
diabetes[21].

Conclusion

The results of this study show that there is a reduced range of
motion between patients with type two diabetes when compared
with non-diabetics of the same age and sex. Reduced range of
motion of joints occurs in diabetic patients irrespective of gender.
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