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ABSTRACT
AIm: To investigate and compare the histological findings of patients with diabetes, hypothyroidism and idiopathic carpal tunnel
syndrome (CTS).
MaterIal and Methods: Subsynovial connective tissue samples of 51 idiopathic CTS patients (Group 1), 58 diabetic CTS
patients (Group 2) and 16 hypothyroid CTS patients (Group 3) were evaluated in this study. The histopathological examination
parameters were; number of fibroblasts, size of collagen fibers, vascular changes (vascular proliferation, intimal thickening and
changes of vessel structures), edema and inflammatory infiltration.
Results: In the majority of patients in all 3 groups, non-inflammatory fibrosis was observed in subsynovial connective tissue.
Number of fibroblasts, collagen fiber diameter and lengths were statistically different in diabetic CTS patients (Group 2) when
compared with other groups. Considering the overall results, neovascularization in subsynovial connective tissue was observed
significantly more intensely in diabetic CTS patients (Group 2) and severe edema was found in hypothyroid CTS patients (Group 3).
ConclusIon: Increased pressure in the carpal tunnel may be a result of reduction of the space or volume increase of the tunnel
contents secondary to fibrosis or edema. It may be helpful for the physicians to better understand the causes of this entrapment
neuropathy, and these etiological factors should be taken into consideration during the preoperative evaluation of the patients.
Keywords: Carpal tunnel syndrome, Diabetes mellitus, Hypothyroidism, Histopathology, Subsynovial connective tissue,
Idiopathic carpal tunnel syndrome
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INTRODUCTION

█

C

arpal Tunnel Syndrome (CTS) is the most common
entrapment neuropathy secondary to different etiopathological factors. Increased pressure within the carpal tunnel causes disruption of the blood supply of median
nerve under ligamentum carpi transversum (6,13). Increased

qr

de

co

pressure within the carpal tunnel may also be due to reduction of space or increase of the volume of tunnel contents
(4,16-18). Recent studies showed that subsynovial connective tissue could lead to increase in the volume carpal tunnel
contents and may change ingredients like vascularity and fluid
flows with changing permeability and compliance (7).
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When the anatomical structure of this region is examined, the
groove of the palmar side is covered by the flexor retinaculum
to form the carpal tunnel. The flexor retinaculum is attached
radially to the scaphoid tubercle and the ridge of trapezium,
and on the ulnar side to the pisiform and hook of hamate. There
are two tenosynovial sheaths in the carpal tunnel. The ulnar
sheath covers the tendons of flexor digitorum superficialis and
profundus and while the tendon of the flexor pollicis longus
passes through a separate radial sheath. The median nerve
passes through the tunnel between the tendons of flexor
digitorum profundus and flexor digitorum superficialis (25,26).
The most common histological finding in CTS is noninflammatory synovial fibrosis (7,16-18). Patients with
idiopathic CTS may have exposed to an injury in subsynovial
connective tissue. Therefore histological findings are similar
with those of other tissues like skin, tendon or ligaments.
Increased fibroblast density and collagen fiber size, and also
vascular proliferation have been shown in recent studies on
idiopathic CTS (7).
Thyroid diseases can lead to musculoskeletal dysfunctions
such as muscle weakness or CTS (3,21,23). Hypothyroidism
can increase the volume within the tunnel by changing
fluid balance into the body (12). We could not find any
histopathological study on the CTS patients who had
hypothyroidism.
Diabetes mellitus can be defined as a neuropathic factor on
the development of CTS without increasing the interstitial
pressure in the median nerve. Diabetic patients have higher
tendency to CTS due to lower threshold for nerve damage
(12).
This study was planned to investigate the histopathological
findings in subsynovial connective tissue of CTS patients with
different etiopathogenesis like diabetes mellitus, hypothyroidism and idiopathic CTS.
█

MATERIAL and METHODS

This is a retrospective study. Subsynovial connective tissue
samples of 51 idiopathic CTS patients (Group 1), 58 diabetic
CTS patients (Group 2) and 16 hypothyroid CTS patients
(Group 3) were evaluated in this study. Informed consent for
surgical treatment was obtained from all of the patients in this
study.
Paresthesia along the median nerve trace and hand pain
during the day or night were the main symptoms of CTS in our
patients. Also, positive findings like sensitivity and provocative
tests during the physical examination were used to confirm
the diagnosis of CTS. The patients with diagnosis of diabetes
mellitus at least 5 years, whose hemoglobin A1c results were
above 7%, were included in this study as diabetic CTS patient
group.
Electromyography (EMG) was performed in all patients with
suspected CTS. CTS grade by EMG results was staged as
mild, moderate and severe. Non-steroidal anti-inflammatory
and vitamin B12 medications and also splints were used for
treatment of CTS patients. Patients with continued complaints
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unresponsive to these treatments underwent surgical treatment. Standard carpal tunnel release was performed by the
surgeon. Patients were operated under local anesthesia with
minimally invasive technique. On the palmar side of the hand,
a 1 cm vertical incision from the wrist bend to fit the imaginary
line between the middle finger and ring finger was made. Skin
and subcutaneous incisions were performed and broader view
was achieved with surgical devices (Figure 1). Subsynovial
connective tissue about 0.5 cm3 in volume was excised after
the bright pearl transverse carpal ligament and the median
nerve was seen. One cc saline solution was injected to the
perineurium in order to decrease the hydrostatic pressure.
Thus carpal tunnel was decompressed.
Connective tissue samples in 10% buffered formalin solution
were immediately transferred to the histopathology laboratory. Paraffin-embedded blocks were prepared from tissue
samples and 4 µm-thickness sections were obtained. Standard hematoxylin-eosin (H&E) staining was performed. This
procedure was performed at room temperature.
The histopathological examination parameters were:
1. Number of fibroblasts: Fibroblasts were counted at
magnification area (X400).
2. Size of collagen fibers: Mean size (µm) was calculated
measuring transverse and longitudinal dimensions of 20
fibers within every magnification area (X400) at slices of
each tissue sample.
3. Vascular changes: Vascular proliferation, intimal thickness
and changes of vascular structures were evaluated.
Findings were classified as “no change”, “mild”,
“moderate” and “severe change” of the vessels.
4. Edema: Findings were classified as no change, mild,
moderate and severe edema.
5. Inflammatory infiltration: Findings were classified as no
inflammation, mild, moderate and severe inflammation.
Statistical analysis for comparisons of idiopathic versus
diabetic CTS patients was performed by Student-t test.
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Figure 1: Image of carpal tunnel decompression surgery.
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We also used the nonparametric Mann-Whitney U test for
comparisons regarding hypothyroid CTS patients because of
the patient group. Correlations were determined by Spearman’s
rank correlation coefficient test using the SPSS 15.0 program.
p<0.05 was considered as statistically significant.
█

RESULTS

Evaluation of demonstrative characteristics showed that
female patients were more common than male patients in all
groups. The female/male percentage rate was 80%/20% for
the idiopathic CTS and diabetic CTS groups, and 88%/12%
for the hypothyroid CTS group. The mean age was not
significantly different between the groups, and it was around
50-55 years. While changes in EMG looked more prominent in
diabetic CTS patients group the difference was not statistically
significant. Demonstrative characteristics of patients are
shown in Table I.
Non-inflammatory fibrosis was observed in the subsynovial
connective tissue in the majority of all 3 patient groups.
Number of fibroblasts, collagen fiber diameters and lengths
were statistically different in the diabetic CTS patients group
when compared with other groups (P<0.05) (Figures 2-5).
Comparative evaluation of fibroblast proliferation and collagen
fiber size of patients with idiopathic CTS, diabetic CTS and
hypothyroid CTS patients is shown in Table II.
Vascular proliferation, vascular hypertrophy and intimal
thickening were observed in all groups. Moderate and
severe increase in vascular changes was especially found
in the diabetic CTS group. This increase was statistically

significantly different from the idiopathic CTS and hypothyroid
CTS patients groups (P<0.05) (Figures 6,7). Comparative
evaluation of vascular changes in patients with idiopathic
CTS, diabetic CTS and hypothyroid CTS is shown in Table III.
Histomorphological changes including fibrosis and vascular
changes were more intense in diabetic CTS patients when
compared with the other groups (p<0.05).
Tissue edema was seen in varying degrees. Table IV shows
comparative evaluation of tissue edema in CTS with different
etiopathogenesis. Especially hypothyroid CTS patients had
severe edema within the synovial tissue (p<0.05) (Figure 7).
Considering the overall histopathological results, neovascularization in subsynovial connective tissue was significantly
more intense in diabetic CTS patients and severe edema was
found in hypothyroid CTS patients (Figure 8). There was a
positive correlation between fibroblast proliferation, collagen
fiber size and vascular changes (r=0.675, p<0.001).

DISCUSSION

█

CTS is a common disease which can be accompanied with
inflammatory, metabolic, rheumatologic, immunologic or
neuropathic conditions besides of idiopathic cases (1).
There are many studies on the pathophysiological, biochemical,
electrophysiological and clinical aspects of CTS (6,7,24,28,30).
The most popular theories on the pathogenesis of CTS are
mechanical compression, microvascular insufficiency and
vibration theories (1). Recent studies demonstrated that noninflammatory thickening, fibrosis and vascular proliferation

Table I: Demographic Characteristics of CTS Patients with Different Etiological Factors

Idiopathic CTS
patient group (n=51)

Diabetic CTS
patient group (n=58)

Hypothyroid CTS
patient group (n=16)

41/10

47/11

14/2

50 (37-74)

53 (16-76)

54 (40-68)

Mild

22 (% 43)

18 (% 31)

5 (% 31)

Moderate

21 (% 41)

26 (% 45)

9 (% 56)

8 (% 16)

14 (% 24)

2 (% 13)

Parameter
Gender (F/M)
Mean Age-years (Range)
CTS Grade by EMG

Severe

EMG: Electromyography, CTS: Carpal tunnel syndrome, F: Female, M: Male.

Table II: Comparative Evaluation of Fibroblast Proliferation and Collagen Fiber Size in Cts Patients with Different Etiological Factors

Idiopathic CTS
patient group (n=51)

Diabetic CTS
patient group (n=58)

Hypothyroid CTS
patient group (n=16)

55.77±11.83

62.24 ±15.37*

45.88 ±5.72

Collagen Fiber Diameter (µm)

1.97±0.38

2.74±0.5*

1.99±0.3

Collagen Fiber Length (µm)

8.97±2.21

11.96±2.53*

9.33±2.43

Parameter
Number of fibroblasts

p<0.05 for comparison of diabetic CTS patient group with other groups. CTS: Carpal tunnel syndrome.
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Figure 2: Idiopathic CTS group, fibroblast proliferation. (H&E,
x400).

Figure 3: Diabetic CTS group, severe fibroblast proliferation.
(H&E, x400).

Figure 4: Hypothyroid CTS group, fibroblast proliferation. (H&E,
x400).

Figure 5: Diabetic CTS group, collagen fiber dimensions (µm).
(H&E, x400).

Figure 6: Idiopathic CTS group, relatively mild vascular changes
(H&E, x400).

Figure 7: Diabetic CTS group, severe vascular changes, vascular
hypertrophy, intimal thickening in the subsynovial tissue. (H&E,
x400).
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within the subsynovial connective tissue play an important
role on the development of idiopathic CTS (6,7,30). These
histopathological changes might increase the volume and
pressure in the carpal tunnel that result in ischemia and
reperfusion of the tenosynovium (30).
There are many studies regarding the histopathological
changes in idiopathic CTS (6,7,9-11,13). Donato et al. (6)
performed a study on idiopathic CTS in 19 female and 7 male
patients and found fibrosis and vascular proliferation in the
subsynovial connective tissue. Their detailed histopathological
study with transmission electron microscopy showed small
vessels with stratified and hypertrophied endothelial cells.

They also found that the luminal compartment is absent or
narrow and pericytes exist around these small vessels. The
junctions between endothelial cells are abnormal with large
fusion membranes. Irregular bundles of collagen were shown
within the connective tissue fibrosis (6). Ettema et al. (7)
found increased fibroblast density, collagen fiber size and
vascular proliferation in subsynovial connective tissue of
patients with idiopathic CTS (7). Werthel et al. (30) created
an animal model of experimental CTS by repeated glucose
injections into the carpal tunnel. They found connective
tissue proliferation, fibrosis with thicker and irregular fibers
of subsynovial connective tissue and also vascular changes
(vascular proliferation with an obstructed lumen and thickened
wall) (30). Oh et al. (19) measured collagen fibers diameters
and calculated their densities using transmission electron
microscopy in specimens from ten patients with idiopathic
CTS and from ten fresh-frozen cadavers without CTS. They
found deformed collagen fibers with a spiraled appearance,
phagocytosis of elastin fibrils in diabetic CTS group (19).
Diabetes mellitus especially has a strong relationship with
CTS (4,8,14,20,28,29). CTS prevalence is 15-30% in diabetic
patients (2,5,22). A number of studies on diabetic and idiopathic
CTS are published in the literature (14,28). Karpitskaya et al.
(14) found that CTS is associated with physical and personal
factors including smoking, obesity, diabetes mellitus, and
hypothyroidism in a retrospective case-control study of 514
patients.

Figure 8: Hypothyroid CTS group, severe tissue edema. (H&E,
x400).

The most related article on this subject was published by
Tekin et al. (28) and they compared diabetic and idiopathic
CTS patients. Synovial hyperplasia, fibrosis and perivascular
inflammation were not observed in either group (28). In
our study, we have also not seen inflammation. However,

Table III: Comparative Evaluation of Vascular Changes (Percentage) in Cts Patients with Different Etiological Factors

Idiopathic CTS
patient group (%)

Diabetic CTS
patient group (%)

Hypothyroid CTS
patient group (%)

No change

33

22

56

Mild increase

45

38

31

Vascular Changes

Moderate increase

8

21*

13

Severe increase

4

19*

-

*p<0.05 for comparison of diabetic CTS patient group with other groups. CTS: Carpal tunnel syndrome.
Table IV: Comparative Evaluation of Tissue Edema (Percentage) in Cts with Different Etiological Factors

Idiopathic CTS
patient group (%)

Diabetic CTS
patient group (%)

Hypothyroid CTS
patient group (%)

No edema

29

12

6

Mild edema

51

50

5

Moderate edema

8

28

49*

Severe edema

2

10

40*

Edema

*p<0.05 for comparison of hypothyroid CTS patient group with other groups. CTS: Carpal tunnel syndrome.
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increased fibroblasts and fibroblast size that indicated fibrosis
were found in all three groups of CTS patients. Tekin et al.
(28) indicated that diabetic CTS patients had higher rates of
synovial edema (57% in idiopathic CTS & 87% in diabetic
CTS), vascular proliferation (30.8% in idiopathic CTS & 90.5%
in diabetic CTS) and increased vascular wall thickness (11.5%
in idiopathic CTS & 90.5% in diabetic CTS). In our study, we
found more significant edema in hypothyroid CTS patients
group.
Thyroid diseases are also related with musculoskeletal disorders like adhesive capsulitis, Dupuytren’s contracture, trigger finger, limited joint mobility and carpal tunnel syndrome
(3,15,16,23,24,26). Shiri found only a modest association between hypothyroidism and CTS in a meta-analysis study (27).
Cakir et al. (3) revealed that 9.5% of patients had CTS among
137 thyroid disease patients with musculoskeletal disorders.
They also stated that CTS was significantly more prevalent in
the hypothyroid patients group (3). Palumbo et al. (21) showed
that CTS symptoms are common in hypothyroid patients even
when they are euthyroid. They also indicated that standards
for assessing normal median nerve latencies may be significantly different in hypothyroid patients (21). Roquer et al. (23)
stated that the symptoms of CTS remitted if endocrinopathy
is controlled and surgery is usually not necessary in these patients (23). We could not find a histopathological study among
CTS patients with thyroid disease. In our study, we found significant severe edema within the synovial tissue in hypothyroid
patients with CTS (p<0.05).
█

CONCLUSION

It is crucial to understand and take into consideration the
causes of this entrapment neuropathy during preoperative
evaluation. This may be helpful for the physicians to plan
further treatment of CTS patients with different etiological
factors.
█
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