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Abstract
Background and Objective: Cheiroarthropathy is one of diabetic complications that have greater impact on the hand performance. The
purpose of this study was to evaluate the effect of low level laser therapy on hand function performance on type I diabetic children with
cheiroarthropathy. Materials and Methods: Forty diabetic boys, suffering from cheiroarthropathy, aged between 14-17 years participated
in this study; they were selected from Banha Teaching Hospital Egypt. The selected patients were randomly assigned into two groups
of equal number, the first group (A) represented the control group that was treated by a conventional physical therapy exercises program
directed towards improving hand functions, while the other 20 children represented the study group (B) that was treated by low level
laser therapy. Pinch strength, hand function performance and metacarpophalangeal (MCP) joints range of motion were assessed for all
children before and after the suggested treatment duration. Results: Post treatment results showed a statistically significant difference
of all measured variables between both groups in favor to the study group (p<0.05). Conclusion: It can be concluded that laser therapy
is an effective treatment modality in controlling cheiroarthropathy of children with type I diabetes.
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INTRODUCTION

Hand function is an indicator of overall health and well
being, it correlates with an individual’s ability to perform
meaningful and purposeful activities1. Hand function
encompasses strength, endurance, range of motion and
quality of hand movement all of which allow individuals to
engage in basic daily routines as well as complex functional
activities2. Systemic diseases frequently affect function of
many organs and systems, diabetes is the classical example of
the disease of multi-organ involvement including extremities
(foot and the hand)3.

Limited extension of the small joints of the hand in
association with tight, waxy overlying skin has been described
in up to 30% of juveniles with insulin dependent diabetes. This
condition,   termed   juvenile   diabetic   cheiroarthropathy,
that has been described only infrequently in adults4-6.
Cheiroarthropathy results in flexion deformity of the
metacarpophalangeal (MCP) and interphalangeal (IP) joints
with increased resistance to passive extension of these joints
ranging from 8-50%, it initially affects the little finger and over
time extending radially to the other fingers or to more
proximal joints7,8. Patients with cheiroarthropathy complain of
stiffness, weakness of grip, clumsiness and decreased dexterity
due to reduced ability to perform fine movements9. These
features will result in the impairment of joint mobility,
especially of the small joints of the hand10. Limited joint
mobility is commoner on insulin dependent, juvenile onset,
longer duration and poorly-controlled diabetic patients11.
Adolescents who have Diabetes Mellitus (DM) with limited
joint mobility are predominantly male12.

Low-level laser therapy (LLLT) is efficient on bioenergetics
muscle activation and these effects may influence
performance during physical activities. The LLLT is a way to
improve muscle performance as it induces photochemical
effects on cells by light absorption at photoreceptors
phenomenon described as photo biomodulation.
Phototherapy has been widely used in research of different
tissues, such as tendons, peripheral nerve, skin tissue, bones
and muscle13. So the purpose of this study was to evaluate the
effect of low level laser therapy in treating cheiroarthropathy
of diabetic children.

MATERIALS AND METHODS

Study design:  This study was a randomized controlled clinical
trial that was performed at the Physical Therapy Department
of Banha Teaching Hospital Cairo-Egypt from May, 2017 till
April, 2018.

Subjects: Forty diabetic boys with cheiroarthropathy, aged
between 14-17 years participated in this study, they were
selected according to the following inclusion criteria: (1) All of
them diagnosed  as  type  1  diabetes  mellitus  for  more  than
5  years  and  are  suffering  from  cheiroarthropathy  at  least
6 months ago (2) Have flexion deformity of MCP and IP joints
of both hands, (3) Positive prayer sign (incomplete
approximation of one or more of the digits when the child
attempted to approximate the palmar surfaces of the proximal
and  distal  interphalangeal  joints  when  palms  pressed
together  and  the  fingers  abducted)  and  (4)  Positive  table
top   sign   (child   not   able   to   completely   lay   his    palms
flat on a  horizontal  surface).  Exclusive  criteria:  (1) Recent
hand  operations,  (2)  Fracture  or  dislocation  in  upper limbs
and (3) Children who had history of hand injury, rheumatoid
arthritis and dupuytren contracture.

Procedures: The study was conducted after the approval of
the ethical committee of the Faculty of Physical Therapy, Cairo
University. All parents signed a consent form to participate in
this study. Outcome measures were detected for all
participants at baseline and 3 months following treatment
application.

Evaluation procedures
Detecting pinch strength: Baseline pneumatic bulb hand
dynamometer with a maximum pressure indicator was used
to measure the participants pinch strength. Following the
recommendation of the American Society of Hand Therapists14

from sitting on an armchair with forearm support, feet flat on
the floor, shoulder adducted to side, elbow flexed 90E and
forearm in neutral, the smallest bulb of the dynamometer was
placed in the participant’s fingers with the seam resting
between thumb and lateral surface of the index, the
participant was asked to squeeze the bulb with his fingers
with  maximum  force.  Each  participant  completed  one  set
of  three  pinch  strength  trials  for  the  dominant  hand,  with
15 sec rest period between each measurement and the mean
of the three trials was calculated.

Detecting hand function performance: Sollerman hand
function scale was used to assess hand function performance,
it provide a true picture of grip function in activities of daily
living and reflect the most common main grips used in daily
life. The test consists of 20 subtests, each task considered to be
an  activity  of  daily  living15.   The   test   equipment   box   was
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mounted on the wall in front of the patient so that the test
could be applied quickly and easily. All test items were done
uni-manually except subtests 11, 14 and 15 which require
bilateral hand use. The subtests are timed and level of
difficulty displayed and the quality of performance using the
correct pinch or grip position then the participant was scored
on a 5-point scale.

Detecting range of motion: Baseline 6-inch finger goniometer
was used to assess MCP Joints range of motion. The active
extension was measured for each joint individually16.

Treatment Intervention
For control group (A): Children in this group were treated by
conventional physical therapy program aiming to improve
limited upper limb joint mobility. Hot packs were wrapped
around dorsal and palmer surfaces of both hands for 15 min,
joint mobilization, manual passive stretching and self-stretch,
strengthening exercises for extrinsic muscles of hand and
strengthening exercises for intrinsic muscles of hand.

For the study group (B): Children in this group were treated
by (Helium-Neon-Infra red laser therapy) He-Ne continuous
with  wavelength  633  nm  and  IR  pulsed  with  wavelength
905 nm laser was applied from sitting with MCP and IP joints
were supported in slightly flexed position to open up joint
space. The laser applicator was placed perpendicular and fixed
at 30 cm away from treatment area. Small joints of both hands
were exposed to laser therapy for 10 min through a sweeping
computerized scanning.

Data analysis: All statistics were calculated by using the
statistical package of social sciences (SPSS) version 25.
Descriptive statistics (mean and standard deviation) were
computed for pinch strength and MCP joints range of motion
using unpaired t-test was applied for age, pinch strength and
MCP   joints   range   of   motion   between   both   groups.
Mann-whitney U-test was used for hand performance
between both groups.

RESULTS

Regarding the age in both groups, the results of the
present study revealed a statistically insignificant difference
between the two groups as the mean values of age were
14.55±1.27 years and 14.75±1.44 years for group A and B,
respectively with p>0.05 (Table 1).

A statistically insignificant difference (p>0.05) regarding
pinch strength was recorded as mean values for the study and
control groups pre- treatment were 5.23±1.42 and 5.37±1.65
for pinch strength. Comparing mean values after treatment
application  between  the  study  and  control  groups showed
a   statistically  significant  difference  as  mean  values  of
pinch  strength  were  7.02±1.35 and 5.78±1.72,  respectively
(p<0.05) (Table 2).

Pre-treatment median values of hand function
performance detected by sollarman scale between group B
and group A were 57.50 and 57.50, respectively show
insignificant difference (p>0.05). Median values of hand
function performance post-treatment between the study and
control groups showed a statistically significant difference as
median values were 62.50 and 60.00, respectively (p<0.05)
(Table 3).

A statistically insignificant difference (p>0.05) regarding
metacarpophalangeal joints range of motion was  recorded as
mean values for the study and control groups pre-treatment
were138.00±11.27 and 135.25±11.80 for the thumb finger,
135.50±10.50 and 132.11±9.50 for the index finger,
138.00±10.42 and 135.71±7.80 for the middle finger,
138.25±9.63 and 134.21±8.90 for the ring finger and
135.75±7.93  and  134.55±8.50  for  the  little  finger,
respectively (p>0.05). Comparing mean values of
metacarpophalangeal  joints  range  of  motion  after
treatment  application  between  the  study  and control
groups   showed   a  statistically  significant  difference  as
mean  values  were  145.50±13.00  and 140.70±12.20  for  the

Table 1: Age mean values for both control and study groups
Mean±SD
-----------------------------------------

Parameters Study group Control group t-value p-value
Age 14.75±1.44 14.55±1.27 0.464 0.64

Table 2: Mean values of pinch strength for the dominant hand for both groups
Mean±SD
-----------------------------------------

Parameters Study group Control group t-value p-value
Dominant hand
Pre-treatment 5.23±1.42 5.37±1.65 0.307 0.760
Post-treatment 7.02±1.35 5.78±1.72 2.548 0.015

Table 3: Hand function performance for the study and control group
Median
-----------------------------------------

Parameters Study group control group z-value p-value
Dominant hand
Pre-treatment 57.50 57.50 0.312 0.758
Post-treatment 62.50 60.00 2.515 0.011
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Table 4: Mean values of MCP joints range of motion for the study and control
group pre and post treatment

Mean±SD
----------------------------------------------

Parameters Study group Control group t-value p-value
Thumb
Pre 138.00±11.27 135.25±11.80 1.503 0.141
Post 145.50±13.00 140.70±12.20 1.949 0.043
Index
Pre 135.50±10.50 132.11±9.50 1.105 0.276
Post 143.50±10.14 136.50±10.01 2.196 0.034
Middle
Pre 138.00±10.42 135.71±7.80 0.934 0.356
Post 145.75±10.65 139.50±9.01 2.028 0.04
Ring
Pre 138.25±9.63 134.21±8.90 1.020 0.314
Post 145.75±10.03 139.00±9.52 2.293 0.027
Little
Pre 135.75±7.93 134.55±8.50 0.085 0.933
Post 144.50±9.49 138.75±9.10 2.203 0.034

thumb finger, 143.50±10.14 and 136.50±10.01 for the index
finger, 145.75±10.65 and 139.50±9.01 for the middle finger,
145.75±10.03 and 139.00±9.52 for the ring finger and
144.50±9.49  and  138.75±9.10  for  the  little  finger,
respectively (p<0.05) (Table 4).

DISCUSSION

The pre-treatment results of the current study showed a
reduced pinch grip strength which may be explained by Willey
and Singh17 who reported that reduced muscular strength
could be due to structural and metabolic changes including
increased fat infiltration and changed proportions of muscle
fiber types, consequently, glucose is transported and utilized
less efficiently during exercise. Also it could be explained by
the effects of DM I on the skeletal muscle that were analyzed
by clinical observations and showed a clear association
between DM I and their pathological effects in skeletal muscle.
It was found that alterations in the absence of actin and
myosin molecules responsible for muscle contraction, changes
in muscle fiber type I (slow-twitch fibers) and muscle fibers
type II (fast twitch fibers)18.

Reduced pinch strength can also be explained by the fact
that hyperglycaemia cause a reduction in the number of
mitochondria in the muscle cells, a decrease in glycogen
synthesis and an increase in the amount of circulating
systemic inflammatory cytokines, all of which have a
detrimental effect on the skeletal muscles19.

Decrease in mean values of pinch strength pre-treatment
comes in agreements with Balducci et al.20 and Gerrits et al. 21

who reported that isometric force was found to be associated

with micro and macro-vascular complications, this correlation
of muscle strength with these complications explained by an
inadequate blood supply to muscles.

Pre-treatment results showed reduced fingers ROM which
matches the findings of Arkkila and Gautier22 who reported
that   one   consequence   of   prolonged   hyperglycemia   is
non-enzymatic glycosylation of collagen this glycosylation
results in abnormally cross-linked collagens, which are
unusually resistant to mechanical and enzymatic degradation.
The accumulation of glycosylated collagen may be responsible
for the periarticular and skin thickening seen in limited joint
mobility.

Decrease fingers ROM is also supported by Ismail et al.23

who reported that the ultrasound findings of diabetic
cheiroarthropathy are the thickening of the flexor tendon
sheaths and subcutaneous tissues. Khanna and Ferguson24

also reported that MRI shows thickening of the flexor
digitorum tendons bilaterally with edema and enhancement
of the tendon sheaths. Hypertrophy of the retinacular sheath
progressively restricts the motion of the flexor tendon which
affects force production and efficiency of motion25.

Decreased hand function performance detected by
Sollarman test can be explained by Franco et al.26 who
reported that intracellular hyperglycemia cause high levels of
oxidative stress and the formation of advanced glycation
endproducts (AGEs). The AGEs are damaging glycosylation
products. In such an unfavourable environment, increased
production of reactive oxygen species induced that can
initiate the inflammatory cascade leading to the production of
several cytokines and growth factors causing the
hyperglycemia-induced cellular damage.

Reduction of hand function performance pre-treatment
can also be explained by Park et al.27 who reported that
subjects with diabetes were shown to have reduced muscle
quality which is associated with longer diabetes duration and
poorer glycemic control. The results of the current study can
also be explained by fact that limited joint mobility associated
with higher glycated hemoglobin levels as reduced hand
strength has been shown to be related to higher glycated
hemoglobin levels28,29.

Significant increase in post-treatment mean values of
pinch strength in favor to the study group may explained by
the work of Xu et al.30  who found that low level laser therapy
seems to improve muscle performance via the energy
metabolism  in  cells  by  stimulating  photochemical  events
and enhancing mitochondrial function in muscle cells.
Manteifel et al.31 reported that the structural changes in the
mitochondria size promoted by low level laser therapy lead  to
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an improvement in cell respiration and the formation of
adenosine triphosphate (ATP), which provides energy to the
cells.

Diabetes is a disease of altered glucose homeostasis and
persistent hyperglycemia leads to advanced glycation end
products  which  are  primarily  responsible  for  the  damage
of cells which have a slow turnover32. Low level laser therapy
has the ability to stimulate increased cell turnover and
proliferation. These effects may be partially attributable to the
stimulation of the oxidative metabolic pathways and a
resulting increase in overall cell metabolism33.

Post-treatment improvement of fingers ROM and hand
function performance agrees with the findings of Makela34

who reported that diabetes has been identified with excessive
oxidative activity and toxins. To help counter this, irradiation
of light also stimulates macrophages that remove molecules
that have accumulated advanced glycation end products over
time and by initiating steps that lead to new protein synthesis
and tissue remodeling. The activity of cytochrome enzyme
that breaks down toxins and many other substrates are
regulated, enabling the control of glucose and the breakdown
of glycation end products to prevent the development of
complications that arise out of diabetes.

Papana and Maltezos35 reported that microvascular
abnormalities associated with cheiroarthropathy lead to tissue
hypoxia which contribute to tendon damage. Shoji et al.36

reported that reduced neovascularization is consistent with
decreased levels of vascular endothelial growth factor as well
as reduced angiogenesis in diabetic conditions. Low intensity
laser irradiations have been reported to be of beneficial
influence on processes of impaired microcirculation. The
increase in skin microcirculation achieved after laser
irradiation was found as early after initiating light exposure
and persisted up to 15 min after stopping it. Low power lasers
have an effect of on the proliferation of endothelial cells
during angiogenesis and responsible for the opening of
preexisting capillaries due to release of transmitter
substances37.

Range of motion improvement can be explained by the
fact that poor blood flow limits movement and flexibility in the
fingers35. Laser therapy improve cutaneous blood flow
through increased activity of some cells such as leukocytes
and phagocytes stimulating redox activity in the cellular
respiratory chain resulting in cell activation, stimulation of
production of adenosine triphosphate which enhances the
cells’ mitotic activity and relaxation of the vessel walls
produces vasodilatation38.

CONCLUSION

The finding of this study suggests that low level laser
therapy helps in treatment of children with cheiroarthropathy
as it improves strength and hand functions abilities.
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