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Abstract
Aim: To compare vibrotactile sense, 5 years after carpal tunnel release in people with 
and without diabetes.
Methods: Out of 35 people with diabetes and carpal tunnel syndrome, age- and 
gender-matched with 31 people without diabetes but with idiopathic carpal tunnel 
syndrome, 27 and 30 people, respectively, participated in this prolonged follow-up. 
Vibration perception threshold of the index and little finger (median and ulnar nerve, 
respectively), 5 years after surgery, was measured at seven different frequencies (8, 
16, 32, 64, 125, 250 and 500 Hz).
Results: Significant improvement of vibration perception threshold from 1 to 5 
years after carpal tunnel release was found at 64 Hz for people with diabetes, while 
improvement for people without diabetes was demonstrated at several frequencies 
(64–250 Hz). However, both groups demonstrated a significant decrease in vibration 
perception threshold for the low frequencies (8–16 Hz). At 5 years, people with dia-
betes had significantly impaired vibration perception threshold at the index finger for 
high frequencies (125–500 Hz), and for nearly all frequencies (16 Hz, 64–500 Hz) at 
the little finger, compared to people without diabetes.
Conclusion: After carpal tunnel release, significant mid-term improvement of vi-
brotactile sense appears limited for people with diabetes, compared to a continuous 
improvement for people without diabetes. In addition, a decline in low-frequency 
vibrotactile sense occurs for the median as well as the ulnar nerve innervated fingers.
Clinical Trial Registration NCT01201109
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1 |  INTRODUCTION

Distal symmetric polyneuropathy represents the most com-
mon form of diabetic neuropathy.1 For assessment of large 
fibre function in distal symmetric polyneuropathy, clinical 
testing of vibrotactile sense using a 128 Hz tuning fork as well 
as the 10 g monofilament test is recommended.2 Elevated vi-
bration perception threshold, reflecting large myelinated Aα 
and Aβ-fibre dysfunction, is found early-on in type 1 diabe-
tes.3 In elderly men with type 2 diabetes, vibrotactile sense of 
the hand has been found impaired, predominantly in the ulnar 
nerve innervated fingers.4

In nerve entrapment such as carpal tunnel syndrome, 
large myelinated nerve fibres are recognised as more sus-
ceptible to pressure/ischaemia than unmyelinated nerve 
fibres.5 Nerve conduction studies are the most commonly 
used objective diagnostic tool for assessment of large fibre 
function in nerve entrapment. However, impaired vibrotac-
tile sense at 256 Hz has been demonstrated as an early sign 
of acute peripheral nerve compression, which develops be-
fore an increase in static two-point discrimination (2-PD) 
can be measured.6

Using multifrequency vibrometry, in the same group of 
participants as studied here, we previously demonstrated 
improvement of vibrotactile sense 1 year after carpal tunnel 
release, but with significant impairment in people with dia-
betes before and after surgery, compared to people without 
diabetes.7

The purpose of this study is to prolong our previously 
published clinical trial to compare vibration perception 
thresholds, 5 years after carpal tunnel release in people with 
and without diabetes.

2 |  PARTICIPANTS AND METHODS

Between 2004 and 2007, consecutive individuals with type 
1 and type 2 diabetes referred to our outpatient clinic, with 
symptomatic carpal tunnel syndrome lasting for at least 
6 months, as well as inadequate symptomatic relief to 6 weeks 
treatment with a wrist splint, were asked to participate in the 
study. The diagnosis of carpal tunnel syndrome was based on 
characteristic clinical history, symptoms and nerve conduc-
tion study verification (antidromic wrist to palm sensory con-
duction velocity <44 m/s and distal motor latency >4.1 ms). 
We allowed a maximum age difference of 5  years, in our 
effort to age- and gender-matched people with diabetes and 
carpal tunnel syndrome with a control group of people with 
idiopathic carpal tunnel syndrome. Inclusion criteria and the 
surgical procedure for open carpal tunnel release have pre-
viously been described in detail.8 In the current prolonged 
study, participants were evaluated at least 5 years after the 
carpal tunnel release.

For the initial study, 35 people with diabetes and carpal 
tunnel syndrome were individually age- and gender-matched 
with 31 people without diabetes who had idiopathic carpal 
tunnel syndrome. For the current prolonged follow-up, eight 
people with diabetes and one person without diabetes were not 
able to participate for various reasons. Thus, the study popula-
tion consists of 27 people with diabetes and carpal tunnel syn-
drome, and the control group comprises of 30 people without 
diabetes who have idiopathic carpal tunnel syndrome.

2.1 | Outcome measures

The primary outcome was improvement of vibration percep-
tion threshold from 1 to 5 years after carpal tunnel release. 
The secondary outcomes were differences in vibration percep-
tion threshold improvement between (1) people with diabetes 
versus people without diabetes, (2) subgroups of people with 
type 1 diabetes versus type 2 diabetes and (3) those with pe-
ripheral neuropathy versus those without signs of peripheral 
neuropathy. Finally, to investigate whether changes in vibra-
tion perception threshold correlates with age, HbA1c level and 
previously published nerve conduction study results.

2.2 | Vibration perception thresholds

As previously described, vibration perception thresholds 
were obtained on the pulp of the index and little finger, rep-
resenting median and ulnar nerve function, respectively.7 
Seven frequencies were recorded (8, 16, 32, 64, 125, 250 and 
500 Hz) using a VibroSense Meter (VibroSense Dynamics 

What is new?
• Upper extremity vibrotactile sense is impaired in 

people with diabetes and carpal tunnel syndrome. 
However, significant recovery of vibration per-
ception thresholds has been demonstrated to occur 
early-on after nerve decompression.

• Our findings, 5 years after carpal tunnel release, 
suggests a continuous improvement of vibrotac-
tile sense at higher frequencies, but mainly among 
people without diabetes. Oppositely, a long-term 
decline in low frequencies are found for the me-
dian and ulnar nerve innervated fingers for both 
people with and without diabetes.

• For people with diabetes, vibrotactile sense in the 
hand can be expected to improve after carpal tun-
nel release, however, to a smaller degree than for 
people without diabetes.
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AB). Seated in a separate room with constant temperature, 
the participants were equipped with hearing protectors to 
maintain a calm and quiet environment. They were instructed 
to let the centre of the finger pulp in question, rest passively 
on the probe of the tactilometer. The vibration perception 
threshold was determined by the method of limits, to register 
at which amplitude the vibratory sensation is first perceived 
and again when it disappears.9,10 To ensure homogeneity, all 
investigations were performed independently by the same 
technician. The vibration perception threshold values are ex-
pressed in decibel (dB), where a high value indicates more 
impaired vibrotactile sense.

2.3 | Statistics

Data on characteristics of the participants are given as me-
dian (range) unless otherwise stated, while results from the 
vibration perception threshold analyses are reported as me-
dian [IQR].

We tested for differences of continuous variables between 
groups using non-parametric Mann–Whitney U-test and 
within groups by Wilcoxon signed rank test. Correlations 
were performed using Spearman rank sum test and expressed 
as a coefficient (rs) with a level of significance. p < 0.05 was 
considered statistically significant. Statistical analysis was 
performed using SPSS 26.0 for Windows (SPSS Inc.).

2.4 | Ethics

The Regional Ethical Review Board at Lund University ap-
proved the study (LU 508-03), and all patients gave informed 
consent to participate.

3 |  RESULTS

The study population characteristics are shown in Table 1. 
The group of people with diabetes included 13 with type 1 
diabetes and 14 with type 2 diabetes. Peripheral neuropathy 
was based on detection of abnormal nerve conduction values 
in both the sural (sensory conduction velocity and sensory 
nerve action potential) and the peroneal nerve (compound 
muscle action potential).11 With these criteria, we found 
neurophysiologic signs of peripheral neuropathy in 10 of 
the 27 people with diabetes. None of the people without 
diabetes had peripheral neuropathy. Z-scores from the nerve 
conduction values were calculated as standard deviation 
(SD) from mean of the patients without diabetes ([value of 
patients with diabetes–the mean value of patients without 
diabetes]/SD of patients without diabetes), indicating mild 
peripheral neuropathy among the people with diabetes (data 
not shown).12

3.1 | Vibration perception thresholds

At 5 years, people with diabetes had significantly impaired vi-
bration perception thresholds at the median nerve innervated 
index finger for the high frequencies (125–500 Hz) and for 
nearly all frequencies, (16 Hz, 64–500 Hz) at the ulnar nerve 
innervated little finger compared to the people without dia-
betes. No differences between groups were found at 32 Hz. 
Significant improvement of vibration perception thresholds 
(index and little finger) from 1 to 5 years after carpal tunnel 
release was only demonstrated at 64 Hz for people with dia-
betes, whereas improvement for people without diabetes was 
found at several frequencies (64–250 Hz). However, a sig-
nificant decrease in vibration perception threshold (index and 

Characteristics
People with diabetes 
(n = 27)

People without 
diabetes (n = 30)

Age, (years) 61 (36–79) 57 (40–83)

Female/Male (n) [%] 16/11 [59/41] 19/11 [63/37]

Duration of CTS (months) 27 (8–96) 48 (12–180)

Duration of diabetes (years) 17 (1–43) —

BMI (kg/m2) 28.7 (17–38.1) 25.7 (20.4–0.8)

HbA1c (mmol/mol) [53 (38–91)] [35 (23–49)]

HbA1c (%) 7.0 (5.6–10.5) 5.4 (4.3–6.6)

Follow-up after surgery (months) 68 (59–82) 64 (59–69)

Nerve conduction study on the median nerve

SCV before surgery (m/s) 18.4 (14.0–22.8) 24.1 (20.2–28.0)

SCV at 5 years follow-up (m/s) 37.5 (34.8–40.2) 44.0 (41.4–46.6)

Data are median (range) unless otherwise stated.
HbA1c, glycosylated haemoglobin; SCV, sensory conduction velocity at the carpal tunnel segment (normal 
value >44 m/s).

T A B L E  1  Participant characteristics, at 
5-year follow-up after carpal tunnel release



4 of 9 |   THOMSEN aNd daHLIN

T
A

B
L

E
 2

 
V

ib
ra

tio
n 

pe
rc

ep
tio

n 
th

re
sh

ol
ds

 in
 th

e 
in

de
x 

an
d 

lit
tle

 fi
ng

er
 o

f p
eo

pl
e 

w
ith

 a
nd

 w
ith

ou
t d

ia
be

te
s, 

be
fo

re
 a

nd
 a

fte
r c

ar
pa

l t
un

ne
l r

el
ea

se

Pe
op

le
 w

ith
 d

ia
be

te
s

Pe
op

le
 w

ith
ou

t d
ia

be
te

s

Pr
eo

pe
ra

tiv
e 

(N
 =

 3
5,

 p
 

va
lu

e)
a  

1 
ye

ar
 (N

 =
 3

5;
 p

 
va

lu
e)

a  
5 

ye
ar

 (N
 =

 2
7;

 p
 

va
lu

e 
)a  

Pr
e 

vs
 1

 y
ea

r 
(p

 v
al

ue
 )b  

1 
vs

 5
 y

ea
rs

 
(p

 v
al

ue
 )b  

Pr
eo

pe
ra

tiv
e 

(N
 =

 3
1)

1 
ye

ar
 

(N
 =

 3
1)

5 
ye

ar
s 

(N
 =

 3
0)

Pr
e 

vs
 1

 y
ea

rb   
(p

 v
al

ue
 )

1 
vs

 
5 

ye
ar

sb   (p
 

va
lu

e 
)

In
de

x 
fin

ge
r

8 
H

z
10

5 
[8

] (
0.

42
4)

10
2 

[8
] (

0.
01

5)
10

7 
[7

] (
0.

96
2)

0.
00

1
0.

00
1

10
3 

[6
]

10
5 

[6
]

10
8 

[6
]

0.
24

8
0.

02
9

16
 H

z
11

5 
[7

] (
0.

02
4)

11
1 

[7
] (

0.
55

7)
11

5 
[6

] (
0.

74
2)

0.
00

2
0.

01
9

11
2 

[8
]

11
3 

[7
]

11
4 

[6
]

0.
87

5
0.

09
6

32
 H

z
12

1 
[8

] (
0.

00
7)

11
8 

[6
] (

0.
09

4)
11

7 
[9

] (
0.

31
7)

0.
00

5
0.

97
1

11
5 

[9
]

11
7 

[7
]

11
6 

[7
]

0.
55

7
0.

56
6

64
 H

z
11

8 
[1

2]
 (0

.0
09

)
11

6 
[9

] (
0.

03
1)

11
0 

[1
0]

 (0
.0

68
)

0.
27

0
0.

00
1

11
1 

[1
0]

11
2 

[8
]

10
7 

[8
]

0.
45

6
0.

00
1

12
5 

H
z

11
7 

[1
6]

 (0
.0

25
)

11
4 

[8
] (

0.
03

6)
11

2 
[8

] (
0.

02
1)

0.
01

5
0.

07
7

11
0 

[1
4]

11
0 

[6
]

10
6 

[9
]

0.
73

2
0.

01
3

25
0 

H
z

12
7 

[1
9]

 (0
.0

06
)

12
2 

[1
7]

 (0
.0

15
)

12
4 

[1
5]

 (0
.0

01
)

0.
00

1
0.

79
0

12
1 

[1
3]

11
5 

[1
1]

11
1 

[1
2]

0.
00

3
0.

02
3

50
0 

H
z

14
3 

[1
7]

 (0
.1

52
)

13
9 

[1
6]

 (0
.0

25
)

13
9 

[1
8]

 (0
.0

02
)

0.
00

2
0.

50
9

13
9 

[1
4]

13
2 

[1
1]

12
9 

[1
4]

0.
00

1
0.

27
9

Li
ttl

e fin
ge

r

8 
H

z
10

3 
[8

] (
0.

54
9)

10
2 

[7
] (

0.
40

3)
10

7 
[6

] (
0.

16
9)

0.
24

2
0.

00
1

10
2 

[8
]

10
4 

[7
]

10
6 

[5
]

0.
36

7
0.

02
9

16
 H

z
11

3 
[7

] (
0.

05
5)

11
1 

[8
] (

0.
47

5)
11

5 
[7

] (
0.

04
9)

0.
03

1
0.

00
1

11
0 

[8
]

11
1 

[5
]

11
2 

[5
]

0.
87

5
0.

02
3

32
 H

z
12

0 
[9

] (
0.

00
5)

11
8 

[6
] (

0.
00

7)
12

0 
[7

] (
0.

08
1)

0.
06

1
0.

07
3

11
6 

[7
]

11
6 

[7
]

11
8 

[5
]

0.
78

4
0.

08
2

64
 H

z
11

9 
[1

0]
 (0

.0
19

)
11

6 
[9

] (
0.

06
4)

11
4 

[1
0]

 (0
.0

10
)

0.
11

4
0.

02
5

11
3 

[1
0]

11
4 

[8
]

10
8 

[9
]

0.
90

6
0.

00
1

12
5 

H
z

11
5 

[1
0]

 (0
.0

25
)

11
4 

[9
] (

0.
02

7)
11

4 
[8

] (
0.

00
1)

0.
34

3
0.

45
4

10
9 

[1
3]

11
0 

[8
]

10
7 

[9
]

0.
31

8
0.

00
3

25
0 

H
z

12
4 

[1
5]

 (0
.0

06
)

12
2 

[1
4]

 (0
.0

01
)

11
9 

[1
1]

 (0
.0

05
)

0.
01

3
0.

66
7

11
7 

[1
2]

11
5 

[1
2]

11
3 

[1
2]

0.
00

1
0.

72
1

50
0 

H
z

14
0 

[1
6]

 (0
.0

97
)

13
5 

[1
7]

 (0
.0

07
)

13
8 

[1
6]

 (0
.0

12
)

0.
04

8
0.

94
3

13
4 

[1
6]

12
8 

[1
6]

12
8 

[1
4]

0.
00

1
0.

70
5

R
es

ul
ts

 a
re

 m
ed

ia
n 

[I
Q

R
]. 

Si
gn

ifi
ca

nt
 im

pr
ov

em
en

t i
s m

ar
ke

d 
in

 b
ol

d 
an

d 
si

gn
ifi

ca
nt

 d
ec

re
as

e 
in

 b
ol

d 
ita

lic
. P

re
op

er
at

iv
e 

an
d 

1-
ye

ar
 fo

llo
w

-u
p 

da
ta

 h
av

e 
pr

ev
io

us
ly

 b
ee

n 
pu

bl
is

he
d.

7

a p 
va

lu
es

 a
re

 d
iff

er
en

ce
s b

et
w

ee
n 

pe
op

le
 w

ith
 a

nd
 p

eo
pl

e 
w

ith
ou

t d
ia

be
te

s. 
p 

va
lu

es
 <

 0
.0

5 
ar

e 
in

di
ca

te
d 

in
 b

ol
d.

 
b p 

va
lu

es
 a

re
 p

re
op

er
at

iv
e 

re
su

lts
 v

er
su

s 1
-y

ea
r f

ol
lo

w
-u

p,
 a

nd
 1

-y
ea

r v
er

su
s 5

-y
ea

r f
ol

lo
w

-u
p.

 



   | 5 of 9THOMSEN aNd daHLIN

T
A

B
L

E
 3

 
V

ib
ra

tio
n 

pe
rc

ep
tio

n 
th

re
sh

ol
ds

 in
 th

e 
in

de
x 

an
d 

lit
tle

 fi
ng

er
 o

f p
eo

pl
e 

w
ith

 ty
pe

 1
 d

ia
be

te
s a

nd
 p

eo
pl

e 
w

ith
 ty

pe
 2

 d
ia

be
te

s, 
be

fo
re

 a
nd

 a
fte

r c
ar

pa
l t

un
ne

l r
el

ea
se

Pe
op

le
 w

ith
 ty

pe
 1

 d
ia

be
te

s
Pe

op
le

 w
ith

 ty
pe

 2
 d

ia
be

te
s

Pr
eo

pe
ra

tiv
e 

(N
 =

 1
5;

 
p 

va
lu

e 
)a  

1 
ye

ar
 (N

 =
 1

5;
 

p 
va

lu
e 

)a  

5 
ye

ar
s 

(N
 =

 1
3a  ; p

 
va

lu
e 

)
Pr

e 
vs

 1
 y

ea
r 

 
(P

 v
al

ue
)b  

1 
vs

 5
 y

ea
rs

  
c(

p 
va

lu
e)

b  
Pr

eo
pe

ra
tiv

e 
(N

 =
 2

0)
1 

ye
ar

 
(N

 =
 2

0)
5 

ye
ar

s 
(N

 =
 1

4)
Pr

e 
vs

 1
 y

ea
r 

(p
 

va
lu

e 
)b  

1 
vs

 5
 y

ea
rs

 (p
 

va
lu

e 
)b  

In
de

x 
fin

ge
r

8 
H

z
10

4 
[1

1]
 (0

.6
81

)
10

0 
[8

] (
0.

24
0)

10
6 

[5
] 

(0
.9

05
)

0.
00

2
0.

00
4

10
5 

[6
]

10
2 

[7
]

10
8 

[1
0]

0.
14

7
0.

01
9

16
 H

z
11

6 
[6

] (
0.

58
4)

11
1 

[7
] (

0.
52

1)
11

4 
[7

] 
(0

.2
80

)
0.

00
8

0.
08

6
11

4 
[7

]
11

2 
[6

]
11

7 
[7

]
0.

08
4

0.
07

4

32
 H

z
11

7 
[1

2]
 (0

.2
56

)
11

8 
[8

] (
0.

78
0)

11
8 

[9
] 

(0
.8

67
)

0.
22

2
0.

99
0

12
1 

[8
]

11
8 

[5
]

11
6 

[9
]

0.
01

3
0.

97
5

64
 H

z
11

5 
[9

] (
0.

11
1)

11
6 

[9
] (

0.
65

7)
10

8 
[7

] 
(0

.0
38

)
0.

86
5

0.
00

3
12

1 
[1

2]
11

6 
[1

2]
11

2 
[1

0]
0.

00
6

0.
01

9

12
5 

H
z

11
3 

[1
7]

 (0
.2

71
)

11
1 

[9
] (

0.
09

9)
10

8 
[1

1]
 

(0
.1

55
)

0.
06

4
0.

10
8

11
8 

[1
5]

11
6 

[1
1]

11
3 

[1
2]

0.
11

7
0.

36
3

25
0 

H
z

13
4 

±
 1

4 
(0

94
5)

11
7 

[1
9]

 (0
.1

49
)

12
4 

[1
6]

 
(0

.8
30

)
0.

00
1

0.
50

5
12

5 
±

 1
0

12
4 

[1
5]

12
1 

[1
6]

0.
04

4
0.

27
2

50
0 

H
z

14
7 

[2
4]

 (0
.7

58
)

13
7 

[1
8]

 (0
.2

83
)

14
2 

[2
1]

 
(0

.5
50

)
0.

01
5

0.
11

7
14

2 
[1

3]
14

1 
[1

3]
13

7 
[1

7]
0.

04
9

0.
43

3

Li
ttl

e 
fin

ge
r

8 
H

z
10

6 
[1

0]
 (0

.4
93

)
10

0 
[1

0]
 (0

.4
38

)
10

7 
[6

] 
(0

.3
02

)
0.

11
2

0.
00

9
10

3 
[7

]
10

3 
[6

]
11

0 
[7

]
0.

96
8

0.
00

2

16
 H

z
11

5 
[6

] (
0.

39
1)

10
9 

[9
] (

0.
52

1)
11

3 
[6

] 
(0

.2
59

)
0.

02
3

0.
06

4
11

2 
[9

]
11

1 
[6

]
11

7 
[7

]
0.

42
1

0.
00

2

32
 H

z
12

2 
[7

] (
0.

81
1)

11
7 

[8
] (

0.
98

0)
12

0 
[7

] 
(0

.3
02

)
0.

15
6

0.
38

8
11

9 
[1

1]
11

9 
[6

]
12

2 
[8

]
0.

21
2

0.
12

5

64
 H

z
11

8 
[1

1]
 (0

.8
37

)
11

6 
[1

1]
 (0

.3
47

)
11

3 
[1

2]
 

(0
.0

94
)

0.
15

6
0.

03
9

11
9 

[1
2]

11
7 

[1
1]

11
7 

[1
0]

0.
42

1
0.

27
2

12
5 

H
z

11
5 

[1
5]

 (0
.9

73
)

11
2 

[1
1]

 (0
.0

59
)

11
2 

[5
] 

(0
.0

61
)

0.
08

8
0.

93
7

11
5 

[1
1]

11
8 

[9
]

11
8 

[9
]

0.
87

2
0.

33
1

25
0 

H
z

12
5 

[1
7]

 (0
.8

64
)

11
8 

[1
3]

 (0
.3

14
)

11
9 

[1
1]

 
(0

.7
02

)
0.

02
0

0.
55

6
12

2 
[1

4]
12

3 
[1

7]
12

1 
[1

3]
0.

17
1

0.
97

2

50
0 

H
z

14
2 

[2
0]

 (0
.7

58
)

13
0 

[1
3]

 (0
.1

49
)

13
4 

[1
8]

 
(0

.6
50

)
0.

02
0

0.
38

2
13

9 
[1

3]
13

9 
[1

5]
13

9 
[1

5]
0.

54
6

0.
36

3

R
es

ul
ts

 a
re

 m
ed

ia
n 

[I
Q

R
]. 

Si
gn

ifi
ca

nt
 im

pr
ov

em
en

t i
s m

ar
ke

d 
in

 b
ol

d 
an

d 
si

gn
ifi

ca
nt

 d
ec

re
as

e 
in

 b
ol

d 
ita

lic
.

a p 
va

lu
es

 a
re

 d
iff

er
en

ce
s b

et
w

ee
n 

pe
op

le
 w

ith
 ty

pe
 1

 d
ia

be
te

s a
nd

 p
eo

pl
e 

w
ith

 ty
pe

 2
 d

ia
be

te
s. 

p 
<

 0
.0

5 
ar

e 
in

di
ca

te
d 

in
 b

ol
d.

 
b p 

va
lu

es
 a

re
 p

re
op

er
at

iv
e 

re
su

lts
 v

er
su

s 1
-y

ea
r f

ol
lo

w
-u

p,
 a

nd
 1

-y
ea

r v
er

su
s 5

-y
ea

r f
ol

lo
w

-u
p.

 



6 of 9 |   THOMSEN aNd daHLIN

T
A

B
L

E
 4

 
V

ib
ra

tio
n 

pe
rc

ep
tio

n 
th

re
sh

ol
ds

 in
 th

e 
in

de
x 

an
d 

lit
tle

 fi
ng

er
 o

f p
eo

pl
e 

w
ith

 d
ia

be
te

s h
av

in
g 

pe
rip

he
ra

l n
eu

ro
pa

th
y 

an
d 

pe
op

le
 w

ith
 d

ia
be

te
s w

ith
ou

t p
er

ip
he

ra
l n

eu
ro

pa
th

y,
 b

ef
or

e 
an

d 
af

te
r c

ar
pa

l t
un

ne
l r

el
ea

se

Pe
op

le
 w

ith
 d

ia
be

te
s a

nd
 n

eu
ro

pa
th

y
Pe

op
le

 w
ith

 d
ia

be
te

s w
ith

ou
t n

eu
ro

pa
th

y

Pr
eo

pe
ra

tiv
e 

N
 =

 1
4 

(p
 

va
lu

e)
a  

1 
ye

ar
 N

 =
 1

4 
(p

 
va

lu
e)

a  
5 

ye
ar

s N
 =

 1
0 

(p
 v

al
ue

)a  
Pr

e 
vs

 1
 y

ea
r 

(p
 v

al
ue

)b  
1 

vs
 5

 y
ea

rs
 

(p
 v

al
ue

)b  
Pr

eo
pe

ra
tiv

e 
(N

 =
 2

1)
1 

ye
ar

 
(N

 =
 2

1)
5 

ye
ar

s 
(N

 =
 1

7)
Pr

e 
vs

 1
 y

ea
r.

 
(p

 v
al

ue
 )b  

1 
vs

 5
 y

ea
rs

  
(p

 v
al

ue
 )b  

In
de

x 
fin

ge
r

8 
H

z
10

7 
[9

] (
0.

39
6)

10
2 

[7
] (

0.
70

2)
10

8 
[4

] (
0.

41
4)

0.
01

9
0.

02
8

10
5 

[8
]

10
1 

[8
]

10
6 

[1
0]

0.
02

8
0.

00
2

16
 H

z
11

6 
[1

1]
 (0

.6
16

)
11

3 
[5

] (
0.

17
5)

11
6 

[4
] (

0.
67

5)
0.

12
4

0.
28

3
11

4 
[6

]
11

0 
[6

]
11

3 
[9

]
0.

00
3

0.
04

4

32
 H

z
12

0 
[1

1]
 (0

.9
59

)
12

0 
[5

] (
0.

01
8)

12
0 

[7
] (

0.
17

0)
0.

59
4

0.
54

0
12

1 
[7

]
11

6 
[7

]
11

5 
[9

]
0.

00
2

0.
72

3

64
 H

z
11

8 
[9

] (
0.

90
4)

11
8 

[8
] (

0.
07

7)
10

9 
[6

] (
0.

78
6)

0.
51

0
0.

00
5

11
8 

[1
3]

11
4 

[1
0]

11
0 

[1
2]

0.
12

6
0.

01
3

12
5 

H
z

11
8 

[1
4]

 (0
.4

78
)

11
5 

±
[8

] (
0.

29
3)

11
3 

[7
] (

0.
20

4)
0.

14
0

0.
12

6
11

3 
[1

8]
11

1 
[1

2]
11

0 
[1

2]
0.

53
0

0.
21

0

25
0 

H
z

13
5 

[2
4]

 (0
.0

97
)

13
0 

[1
5]

 (0
.0

77
)

12
8 

[1
4]

 (0
.0

66
)

0.
00

9
0.

90
6

12
2 

[1
4]

11
9 

[1
5]

11
7 

[1
5]

0.
00

4
0.

61
9

50
0 

H
z

15
1 

[1
6]

 (0
.0

83
)

14
3 

[1
1]

 (0
.2

10
)

14
8 

[1
7]

 (0
.0

66
)

0.
05

6
0.

08
6

14
0 

[1
2]

13
6 

[1
7]

13
5 

[1
4]

0.
01

5
0.

68
7

Li
ttl

e 
fin

ge
r

8 
H

z
10

7 
[7

] (
0.

05
6)

10
3 

[8
] (

0.
23

5)
10

8 
[4

] (
0.

47
3)

0.
33

1
0.

05
9

10
1 

[9
]

10
2 

[8
]

10
7 

[8
]

0.
55

0
0.

00
1

16
 H

z
11

5 
[5

] (
0.

07
1)

11
3 

[6
] (

0.
08

3)
11

5 
[8

] (
0.

20
4)

0.
09

6
0.

16
9

11
1 

[9
]

11
0 

[8
]

11
3 

[8
]

0.
14

5
0.

00
1

32
 H

z
12

3 
[9

] (
0.

39
6)

11
9 

[7
] (

0.
08

3)
12

3 
[7

] (
0.

20
4)

0.
24

5
0.

08
6

11
9 

[8
]

11
7 

[7
]

12
0 

[1
0]

0.
13

5
0.

26
6

64
 H

z
11

7 
[6

] (
0.

30
6)

11
9 

[7
] (

0.
47

4)
11

4 
[1

1]
 (0

.8
24

)
0.

68
3

0.
13

9
12

1 
[1

3]
11

5 
[1

2]
11

4 
[1

2]
0.

02
1

0.
62

0

12
5 

H
z

11
5 

[1
0]

 (0
.6

66
)

11
5 

[9
] (

0.
63

0)
11

2 
[9

] (
0.

90
2)

0.
73

0
0.

76
7

11
1 

[1
1]

11
3 

[1
3]

11
5 

[1
1]

0.
39

1
0.

52
3

25
0 

H
z

12
6 

[1
3]

 (0
.1

92
)

12
6 

[1
7]

 (0
.1

54
)

12
1 

[1
0]

 (0
.3

59
)

0.
30

0
0.

81
3

12
2 

[1
5]

11
9 

[1
2]

11
9 

[1
4]

0.
01

9
0.

67
9

50
0 

H
z

14
3 

[1
7]

 (0
.2

59
)

14
0 

[1
9]

 (0
.1

98
)

13
8 

[1
9]

 (0
.4

14
)

0.
30

0
0.

87
8

13
7 

[1
5]

13
5 

[1
5]

13
8 

[1
7]

0.
05

7
0.

94
3

R
es

ul
ts

 a
re

 m
ed

ia
n 

[I
Q

R
]. 

Si
gn

ifi
ca

nt
 im

pr
ov

em
en

t i
s m

ar
ke

d 
in

 b
ol

d 
an

d 
si

gn
ifi

ca
nt

 d
ec

re
as

e 
in

 b
ol

d 
ita

lic
.

a p 
va

lu
es

 a
re

 d
iff

er
en

ce
s b

et
w

ee
n 

pe
op

le
 w

ith
 d

ia
be

te
s h

av
in

g 
pe

rip
he

ra
l a

nd
 p

eo
pl

e 
w

ith
 d

ia
be

te
s w

ith
ou

t p
er

ip
he

ra
l n

eu
ro

pa
th

y.
 p

 v
al

ue
s <

 0
.0

5 
ar

e 
in

di
ca

te
d 

in
 b

ol
d.

 
b p 

va
lu

es
 a

re
 p

re
op

er
at

iv
e 

re
su

lts
 v

er
su

s 1
-y

ea
r f

ol
lo

w
-u

p,
 a

nd
 1

-y
ea

r v
er

su
s 5

-y
ea

r f
ol

lo
w

-u
p.

 



   | 7 of 9THOMSEN aNd daHLIN

little finger) for both participant groups was demonstrated at 
the low frequencies (8–16Hz; Table 2).

We were unable to demonstrate any meaningful differ-
ences in improvement of vibrotactile sense for subgroups of 
people with type 1 diabetes and type 2 diabetes, nor those 
with and without peripheral neuropathy (Tables 3 and 4).

3.2 | Correlations

Significant negative correlation between improvement of 
vibration perception threshold and HbA1c level was found 
among people with diabetes, but for the little finger only 
(8Hz [rs = −0.43, p < 0.03], and 500Hz [rs = −0.46 to 0.47, 
p < 0.02]).

We found that changes in vibration perception threshold 
correlated with age for people with diabetes only (index fin-
ger at 8–16 and 125–500 Hz [rs = 0.44–0.53, p < 0.02], little 
finger at 8 and 125–500 Hz [rs = 0.42–0.59, P < 0.03]).

Our results could not demonstrate any correlation be-
tween the changes in vibration perception threshold from 1 
to 5 years after surgery, and previously published signifi-
cant recovery of median nerve sensory conduction velocity 
over the carpal tunnel segment for people with and without 
diabetes.13

In the subgroups of people with diabetes, with and with-
out peripheral neuropathy, no correlation was found between 
recovery of vibration perception thresholds, and changes in 
nerve conduction study results for the sural and peroneal 
nerves.

4 |  DISCUSSION

This is the first report to provide a mid-term follow-up on 
vibrotactile sense after carpal tunnel release, which fur-
thermore encompasses a matched group of people with 
and without diabetes. Previously, 1 year after carpal tunnel 
release, we were able to demonstrate a significant recov-
ery of vibration perception threshold at several frequencies 
among the people with diabetes. Still, vibration perception 
threshold was significantly impaired in people with diabetes 
compared to people without diabetes.7 In the present study, 
5 years after surgery, our findings suggest a continuous im-
provement of vibration perception threshold at higher fre-
quencies, but mainly among people without diabetes. At 
low frequencies (8–16Hz), a decrease in vibration percep-
tion threshold is demonstrated for all participants and ap-
plies to the median nerve innervated index finger as well as 
for the ulnar nerve innervated little finger. While our results 
indicate that diabetes has a negative impact on improvement 
of vibration tactile sense, the impact due to type of diabetes 
or peripheral neuropathy seems insignificant.

The vibrotactile sense depends on the function of rapidly 
adapting mechanoreceptive Meissner and Pacinian corpus-
cles. Meissner corpuscles located in the dermal papillae are 
sensitive to low-frequency vibration between 5 and 50 Hz, 
while Pacinian corpuscles located in the deep dermis or sub-
cutaneous tissue, respond to high frequencies above 50 Hz 
with a probable maximum sensitivity around 250 Hz.14 The 
density of mechanoreceptors increases in the direction from 
the palm to the finger pulp, with Meissner corpuscles being 
more abundant than Pacinian corpuscles.15

With carpal tunnel syndrome, the myelinated nerve fibres 
at the compression site can be characterised by metabolic 
conduction block, and in persistent cases development of 
segmental demyelination and ultimately Wallerian degener-
ation of myelinated nerve fibres.16 If axonal loss is not pre-
dominant, a significant improvement of vibration perception 
threshold may be found just a few months after nerve decom-
pression.17 Based on biopsies of the uncompressed posterior 
interosseous nerve at the distal forearm, obtained at the time 
of carpal tunnel release, we have previously demonstrated 
more advanced endoneurial microangiopathy, and a signif-
icant reduction in myelinated nerve fibre density for people 
with diabetes compared to people without diabetes.18,19 As 
vibratory sensation is conveyed from the mechanoreceptors 
via large myelinated nerve fibres to the dorsal root ganglia, 
neuropathy with a reduction in myelinated fibre density may 
contribute to the impairment, and lesser improvement of vi-
bration perception threshold, as demonstrated for the people 
with diabetes. Noteworthy, and of potential impact for im-
provement of vibration perception threshold, is the morpho-
logic finding in type 1 diabetes of regenerative nerve fibre 
clusters in between a degenerative morphology represented 
by segmental demyelination and axonal loss.20

From 1- to the 5-year follow-up, both patient groups 
demonstrated a deterioration of vibration perception 
thresholds at the low frequencies (8 and 16  Hz), involv-
ing the index as well as the little finger. The density of 
Meissner corpuscles in the hand is likely not to be affected 
by local nerve entrapment such as carpal tunnel syn-
drome.21 However, a decrease in Meissner corpuscles has 
been identified from finger skin biopsies in people with 
diabetes, which may be of importance for the demonstrated 
impairment of low-frequency vibration perception thresh-
olds.22 With age, there is a significant decline of the vibrot-
actile sense.23 However, its relevance in this study seems 
uncertain as a follow-up period of 5 years may be too short 
for an age-related decline to manifest itself. A decrease in 
lower-frequency vibration perception threshold has previ-
ously been demonstrated for the upper extremity, as well as 
for the lower extremity, among people with type 1 diabetes. 
Here, a strong association was found between impaired vi-
bration perception threshold, neuropathic symptoms, and 
the risk for development of diabetic foot ulcers.24,25T
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Although not proven, it would seem reasonable that a re-
duction in Pacinian corpuscles would occur in diabetes, as 
demonstrated for the Meissner corpuscles. If so, it would, 
together with the significant nerve fibre and endoneurial 
capillary pathology described from posterior interosseous 
nerve biopsies, support the larger improvement of vibration 
perception thresholds among higher frequencies, for the peo-
ple without diabetes compared to the people with diabetes.18

On the same people with diabetes as studied here, we 
have previously demonstrated significant improvement 
of neurophysiological parameters at 5  years after carpal 
tunnel release.13 However, in this study, significant im-
provement of vibration perception thresholds among peo-
ple with diabetes was limited to vibration sense at 64 Hz, 
only. While nerve decompression can recover myelinated 
nerve fibre function and improve nerve conduction veloc-
ity, the dying back phenomenon and reduction in mechano-
receptive corpuscles among people with diabetes remains. 
It may explain why the mid-term improvement of vibra-
tion perception threshold seems less and do not correlate 
to the previously reported recovery of nerve conduction 
parameters.

We found postoperative changes in vibration perception 
threshold at the ulnar nerve innervated little finger, to par-
allel the pattern of changes demonstrated for the median 
nerve innervated index finger. This was somewhat unex-
pected as we carefully had excluded patients with clinical 
and neurophysiological signs of ulnar nerve entrapment. 
Anatomically, the carpal tunnel and Guyon’s canal are con-
nected, because the deep antebrachial fascia at wrist level 
represents the volar bound of the carpal tunnel as well as 
the dorsal bound of Guyon’s canal. Thereby, an ulnar nerve 
vulnerability could be relevant as morphologic and pres-
sure changes in Guyon’s canal have been shown to coexist 
with carpal tunnel syndrome.26 Furthermore, after carpal 
tunnel release, ultrasonography has demonstrated a near 
normalisation of the ulnar nerve cross section area, and 
neurophysiological improvement of ulnar sensory nerve 
conduction velocity are known to occur.27 Tourniquet stud-
ies with occlusion of the brachial artery suggests that the 
ulnar nerve is more sensible to ischemia than the median 
nerve.28 A general ulnar nerve susceptibility to ischaemia 
would have an immediate influence on diabetes, where 
microangiopathy are known to enhance endoneurial hy-
poxia.1,19 An impact of diabetes on the ulnar nerve is sup-
ported by a negative correlation between improvement in 
vibration perception thresholds and HbA1c for the little 
finger.

The role of vibrotactile perception threshold testing in re-
covery after nerve decompression has not been established. 
Previously, for the same people with and without diabetes 
as studied here, we demonstrated a significant sensory re-
covery for the index finger at 1  year post-surgery. It was 

followed by a non-significant decline at 5 years which was 
most evident for people with diabetes. At 5 years, none of 
the participants demonstrated recurrent symptoms in terms 
of numbness and paresthesia, in the median nerve innervated 
fingers. In addition, no relationship has been demonstrated 
between post-surgical improvement of vibrotactile sense, and 
patients’ self-assessment of functional limitations or symp-
tom severity.7,29

A strength of our study is the prospective, 5-year fol-
low-up of age- and gender-matched participants. In addition, 
the vibration perception threshold examinations were done by 
the same experienced technicians which secures consistency 
of measurements. A limitation of our study is the relatively 
low sample size that limits the statistical power when eval-
uating subgroups based on type of diabetes or the presence 
of peripheral neuropathy. Also, although we had an overall 
attendance rate of 86% at the 5-year follow-up, the majority 
of dropouts were among the people with diabetes. Lastly, in 
the search for correlations between variables, multiple testing 
is involved, which is why these results should be interpreted 
with caution.

In conclusion, our study provides new knowledge on 
upper extremity vibrotactile sense in diabetes as well as its 
potential for recovery after carpal tunnel release. After the 
significant recovery of vibrotactile sense 1 year after nerve 
decompression, a further progress at 5 years seems limited 
for people with diabetes, compared to the continuous im-
provement for people without diabetes. In addition, a mid-
term decline in low-frequency vibrotactile sense occurs for 
the median as well as the ulnar nerve innervated fingers. The 
latter finding warrants further investigation.
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