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Abstract

The objective of this review is to identify and review publications describing the impact of reduced
somatosensation on balance. Based on knowledge of the association between specific somatosensory loss and
deterioration of balance, conclusions can be made about role of somatosensation in standing balance.

A systematic literature review is presented in which publications from the years 1993 through 2007 were
searched in Medline and Embase. Medical Subject Headings (MESH) terms and free text words (related to
balance, somatosensory loss, and lower limb) were used to perform the searches. Fifteen articles were selected
for detailed review based on predetermined inclusion criteria, and three of the included articles described the
effect of experimentally reduced somatosensation on balance in healthy subjects. Ten of the articles described
balance in diabetic neuropathy (DN). The last two included articles described balance in Charcot-Marie-Tooth (CMT)
disease type 1A (CMT1A) or type 2 (CMT2).

The literature indicates that the tactile sensation is reduced in DN, CMT1A, and CMT2 and when the plantar
surface of the feet was hypothermically anesthetized. Joint motion sensation seems to be impaired in patients
with DN, and passive joint position sensation appears to be reduced in healthy subjects with anesthesia of
ankle and foot from prolonged ischemia. This reduced somatosensation seems to have a negative effect on
balance in patients with DN and CMT2; however, this appeared not to be the case in patients with CMT1A
and in healthy subjects.
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Introduction

To stay in an upright position, it is essential that
the central nervous system receives and integrates the
position of different body segments and their relation
with each other and the surroundings. The maintenance
of balance requires the central integration of afferent
information’? and is highly dependent on vestibular,
visual, and somatosensory information.>* Healthy persons
predominately rely on their somatosensory system when
they are in a lightened environment with a solid base of
support.*® This somatosensory system includes both the
tactile and proprioceptive system.>”

The tactile system is associated with sensations of touch
and pressure and more complex sensations like vibration.®
The receptors involved in providing these tactile
sensations to the central nervous system are Merkel’s cells,
Pacinian corpuscles, Meissner’s corpuscles, and Ruffini
endings.® As these cutaneous mechanoreceptors can be
found in the feet, being the boundary between the body
and the ground, they might play an important role in
controlling upright stance’ A change in upright position
is often related to a change in pressure under the feet.
Different studies tried to confirm this assumption using
different experimental designs to influence the tactile
afferent information.>”"'> In these experiments, postural
stability decreased by reducing sensibility by cooling
the plantar cutaneous mechanoreceptors,® anesthetizing
the receptors,® or changing the characteristics of the
supporting surface on which the subject is standing.!?
Also, when vibration is applied to the skin covering
the main foot-supporting areas of a standing subject,
involuntary whole-body tilt was induced as a reaction to
this vibration”"! The contribution of plantar cutaneous
afferents to balance control is largely evidenced by
these protocols. However, the extent of this contribution
remains unclear.>%’

The proprioceptive system contributes to joint position
sense, joint motion sense, and kinesthesia. This includes
the sensations of muscle length and tension, joint angles,
and changes in these angles.® The receptors providing
the central nervous system with this information are
muscle spindles, joint afferents, and Golgi tendon
organs.®® The proprioceptive receptors in the lower
legs or feet are sensitive to ankle rotation and can give
information of balance since most postural sway occurs
at the ankles® The lower leg proprioceptive feedback
is considered critical for human automatic balance
correcting responses.”’*>1¢ However, this assumption is

not supported by a study that has shown that balance-
correcting responses can be triggered in subjects whose
lower leg proprioceptive feedback has been blocked.”
This effect is created by “nulling” the ankle rotation
during translational movements of a support surface.”
This observation suggests that lower leg proprioception
is not required for triggering many balance corrections.®
Therefore, the role and importance of lower leg
proprioception in balance-correcting responses remains
unclear.

When both tactile and proprioceptive information is
not conducted to the central nervous system as it is
supposed to be, like in neuropathy or after anesthesia,
a decline in control of balance may occur, associated
with an increased risk of falling!®®" Patients with
peripheral nervous system disorders (PNSDs) (e.g, diabetic
neuropathy [DN], hereditary motor and sensory neuro-
pathies, and nerve compression syndromes) experience
several somatosensory deficits such as loss of position,
vibration, and tactile sensation.’*'® In this
older people, which is a large group of people with
somatosensory loss, are not included. This group often
has many other problems (e.g, motor problems) that can
affect balance as well. Therefore, the balance problems
cannot be addressed to the loss of somatosensation
alone.

review,

Quantifying the somatosensory loss in feet or ankles
cannot fully predict dysfunction of the balance system,
because function also depends on strategies that
individuals use to accomplish stability.* This, and the
contradicting results of different studies on proprioceptive
influence of controlling balance,® leads to the conclusion
that the exact relation between PNSDs and controlling
upright position remains unclear. Therefore, the purpose
of this systematic review is to investigate the impact of
reduced somatosensation of the lower leg on standing
balance and the relative role of both ankle proprioception
and tactile sensation from the plantar side of the feet.

Methods

Search Strategy

Medline and Embase databases were searched for
publications from 1993 until the end of 2007 to
identify the those concerning the effect of reduced
somatosensation on balance. Keywords (MESH terms and
free text words) used to perform the searches were
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“balance” and “posture,” “lower extremity,” “PNSD,”
“peripheral nervous system,” “somatosensation,” and
“sensory deprivation.” Only Medline and Embase were
used, because these two databases contain the most
sufficient, high-quality articles, and these databases
could be structurally and systematically used. In order
to include all important articles, the references of all
primarily selected articles were checked. The Medline
search is presented in Appendix A as an example.

Selection

Titles and abstracts of the articles identified by these
searches were read by two reviewers (Kars and Hijmans)
for initial selection. An article was initially selected if
it met all the following selection criteria: (1) the study
population consisted of patients suffering from PNSD,
a subgroup of patients with PNSD was presented
separately, or the study population consisted of healthy
subjects with experimentally reduced somatosensation;
(2) the reduced somatosensation was located in the lower
leg; (3) one of the main outcomes of the study was a
kinetic or kinematic standing balance measurement;
(@) the study used a standardized norm for balance or
a healthy control group to which the study population or
single case was compared, or in case of healthy subjects,
the study had a baseline measurement; (5) the absolute
values of the balance measurements were given; and
(6) the article was a full report published in English,
Dutch, or German.

An article was excluded for initial selection if (1) the
study population consisted of patients suffering from
central nervous system disorder; (2) patients used
orthopedic aids during all measurements; (3) it was a
review article; (4) a vibratory stimulation was used to
affect somatosensation and induce postural illusions;
and (5) perturbations were given during measurements
of the standing balance.

Reference lists of the initially selected studies were
checked to identify additional published research from
1993 until the end of 2007. These were added to the
initially selected papers.

Subsequently, each initially selected paper was scored by
the reviewers independently, according to a standardized
set of predefined inclusion criteria (Table 1). The criteria
were adapted from Downs and Black,” Dijkstra and
colleagues,” and Hijmans and associates.” When criteria
la, 2, 4, 5, and 6, criteria 1b, 3, 5, and 6, or criteria 1c, 3,
5, and 6 were met, the study was included for detailed
review. A consensus meeting was held between the

Table 1.
Standardized Set of Predefined Criteria

Criteria
1. Study population?
1a. Healthy pepple with experimentally reduced Yes / No
somatosensation
1b. People with PNSD Yes / No
1c. Case study of a patient with PNSD Yes / No
2. Study design healthy subjects
2a. Prospective study design Yes / No
2b. Observational study with baseline
measurement (7o), an intervention, and a Yes / No
measurement after intervention (T;)
2c. Results of Ty and T; published Yes / No
3. Study design subjects with PNSD
3a. Comparlson with control group or Yes / No
standardized norm
4. Intervention
4a. Description of intervention Yes / No
4b. The intervention |nvplves experimentally Yes / No
reduced somatosensation
5. Outcome measures
5a. Values of somatosensation measures
; Yes / No
published
5b. Balance measurement is main or one of the
. Yes / No
three main outcomes
5c. Balance measurement is a standing balance
Yes / No
measurement
5d. Values of balance measures published Yes / No
6. Statistical tests
6a. Qescrlptlve statistics / case definition Yes / No
published
21f 1a was met, criteria 2, 4, 5, and 6 had to be met. If 1b or 1c
were met, criteria 3, 5, and 6 had to be met.

two reviewers to discuss discrepancies in assessment.
When no agreement could be reached the assessment of
a third referee (Zijlstra) would be binding.

Results

Initially, the search resulted in 594 articles (Medline
351 hits and Embase 243 hits). Due to the use of different
databases, duplicate articles were found. In total,
489 articles were identified. A flow chart of the article
selection is presented in Figure 1. Based on title and
abstract, 453 articles were excluded. Three articles!??223
were added after examining the references of the
36 selected articles, resulting in 39 articles'?>101516181922-52
to be assessed for detailed review.
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Search: Keywords (MESH terms and free text words) used were related to
“balance” and “posture,” “lower extremity,” “PNSD,” “peripheral nervous
system” and “somatosensation” and “sensory deprivation.”

A4

243 hits in Embase
138 supplementary to Medline

351 hits in Medline |

| In total 489 articles |

» 453 articles excluded based
on title and abstract

36 initially selected articles
based on title and abstract

3 articles included based on
references of the 36 initially
selected articles

A

39 articles selected to be
read

24 articles excluded based on
the assessment of the
reviewers

v

A 4

15 articles included

Figure 1. Flow chart of the article selection.

Before the consensus meeting, a disagreement originated
from misreading sentences or misunderstanding the
terminology used in the articles, between the two
reviewers, about 14 articles. However, after the consensus
meeting, all disagreements were resolved. Based on the
assessment of the reviewers, 15 articles were included
for detailed review.>!923-263234-364142464750 Thirteen of the

39 initially selected articles were excluded because no

measures of somatosensation were presented.?2 30384043

#4851 Gix of the selected articles'®®%34%2 were excluded
because the balance measurements did not refer to
standing balance. Two articles*® were excluded because
there was no comparison with a control group or a
standardized norm. Another two articles® were
excluded because their results were not published as
absolute values. Finally, one article¥ was excluded
based on a lack of publishing the results of the baseline

measurement and the measurement after intervention.

In total, 24 articles were excluded from detailed
reVieW.1’2’10’15’16’18’22’27_31’33’37_40’43_45’48’49’51’52

Ten of the articles®®2633%464750 described the effect of
DN on balance. Two included articles** described the
effect of Charcot-Marie-Tooth disease (CMT) type 1A
(CMT1A) or type 2 (CMT2) on balance. The last
three of the 15 included articles>®?®* described the
effect of experimentally reduced somatosensation in
healthy subjects. An outline of the measurements of
somatosensation of the included articles is presented
in Table 2. In Table 3, the results of the measurements of
balance are presented. Because the studies used different
outcome measures and different units, differences
between study and control groups, norm, and baseline
measurement (Tg) on vibration perception threshold
(VPT) (Table 2) and the different balance measurements
(Table 3) are given in percentages.

Discussion

The aim of this systematic review is to evaluate
the literature concerning the impact of reduced
somatosensation of the lower leg on standing balance
and its relation with the underlying morphology of
the somatosensory impairment. Fifteen articles met
the inclusion criteria for detailed review. Three articles
described the impact of experimentally reduced
somatosensation on balance. The other twelve articles
were about the impact of PNSD on balance. Ten of the
articles were about the impact of DN on balance, and
two of the articles were about the impact of CMT on
balance. Based on the morphology of the somatosensory
impairment, conclusions can be made about the
impact on standing balance of the loss of the specific
somatosensory components. However, these conclusions
should be regarded with caution, because no randomized,
controlled trials were found, the samples sizes were small,
and the included studies cannot be merged because of
the differences in outcome measures and methodology.

Tactile Sensation

Many different ways to measure the somatosensation
were used. Of the 15 included articles, 9'92324263436464750
used the VPT as a measure of somatosensation. Other
measurements used were touch pressure sensation
threshold,”?3¢47  two-point discrimination, pressure
algometry,® joint motion perception threshold,” and
active and passive joint position sense.”?>* Also, more
extensive somatosensation measurements were taken,
like the Valk score®*3 and the neurological disability
score (NDS).*#42 This spectrum of somatosensation
measurements complicates the presentation of an overall
conclusion. However, by analyzing the results of the used
outcome measures separately, conclusions can be drawn.
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Table 2.

Outline of the Somatosensation Measurements of the Included Papers (n =15) and the Difference of VPT
between Study and Control Groups

Subjects Results Differences in
First author T%F;e Age in Measurements of somatosensation el Sl VPT scores
(year) Sy Group | N (n);::;Si method (location) s Mean + Mean + Group
roup Group versus %
sD) ) SD aroup
PNSD patients
CS (C) 32 (42 +18) |VPT: neurothesiometer, 100 Hz (V) (medial malleoli) ©) 12.56¢ (DN) 29.65¢ (C)-(DN) | 263
(DN) 25 (55 + 14) |VPT: audiometer, 250 Hz (dB) (medial malleoli) ©) 36.00¢ (DN) 55.30¢
xz‘ll'lzetol.ll?'n)ing fork, 64 Hz (arbitrary units) (medial © 7.90¢ ON) 4.65¢
Bergin (1995)* VPT: neurothesiometer, 100 Hz (V) (tibial © 1410 (DN) 27152 (C)-(DN) 193
tuberosities)
VPT: audiometer, 250 Hz (dB) (tibial tuberosities) ©) 35.05¢ (DN) 52.85¢
XJF;)‘I;rt;JSr;i?egs)fork, 64 Hz (arbitrary units) (tibial © 7850 (ON) 5.05¢
Boucher (1995) CSR (C) 7 (60.6 + 5.6) |Valk score®? ©) 0 (DN) 12.0+74
(DN) 12 | (62.5+7.4)
CS ©) 15 | (69.3+5.1) |Valk score® ©) 0.4+0.8 (DN) 15+£8.2
Corriveau (2000)% (DN) 15 | (68.6 = 5.5) |VPT: vibrometer, 120 Hz (um) (halluces) ©) 1+0.53 (DN) 26.8+35 (C)-(DN) 2680
TPST: SW monofilaments (% > 3.84) (halluces) ©) 20.0 (DN) 87.7
CS (©) 20 | (50.6 +8.6) [NDS° ©) 0 (DN-NU) | 7.5+6.8 (C)-(DN-NU) | 271
(DC) 20 | (47.6 +10.7) (DC) 0 (DN-U) 8+79 (C)-(DN-U) 311
Katoulis (1996)** (DC)-(DN-NU) | 265
(DN-NU) | 20 | (52.9 +8.8) |VPT: biothesiometer, max 50 V (V) (halluces) ©) 11.8+3.6 | (DN-NU) 32+5.6 (DC)-(DN-U) | 303
(DN-U) 20 | (541 £71) (DC) 121+ 4.6 (DN-U) | 36.7+8.3
CS (C) 20 | (72.3 +5.8) |Valk score® ©) 0.3+0.7 (DN) 12.6 +7.0
Lafond (2004)® (DN) 1 (69.1 £5.1) |VPT (um) ©) 1.0+ 0.6 (DN) 20.3 £30.2 (C)-(DN) 2030
TPST: SW monofilaments (% > 3.84) ©) 15 (DN) 82
Nardone (2000)" CS (C) 46 | (441 £9.7) |Neurological disability score? (CMT1A) 27.3
(CMT1A) | 15 |(40.3 +16.6)
CS ©) 20 29-77 Neurological disability score® (DN) 241 +14.8
Nardone (2006)* (DN) 14 43-77 (CMT1A) | 31.4 £ 14.9
(CMT1A) | 5 32-63 (CMT2) | 27.4 +18.6
(CMT2) 8 18-61
CcS ()] 1 (72.92 + ©) 11.4 £8.3 | (DNmod) | 39.4 +17.9 | (C)-(DNmod) | 346
Richerson 5.21) VPT: Medoc vibfometer (V) (hallucesland_ thir_dl
(DNmod) (72.57 £ |metatarsal dominant foot) (before Tai Chi training) (DNsev) |114.3 £17.5| (C)-(DNsev) |1003
(2007)% 11 5.38)
(DNsev) (74.50 + 7.72)
CS (YC) 8 (26.9) VPT: vibrator, 200 Hz (um) (tibial tuberosities) (YC) 5.45 (DN) 33.63 (YC)-(DN) 617
(E-NF) 15 | (747 £4.5) (E-NF) 33.63 (E-F) 43.63 (E-NF)-(DN) | 100
Rogers (2001) (DN) 14 (60.0) TPST: SW monofilaments (mN) (lateral malleoli) (YC) 0.92 (DN) 2.00 (E-F)-(DN) 77
(E-F) 10 | (74.2+2.9) (E-NF) 1.39 (E-F) 1.43
TPST: SW monofilaments (mN) (fibula head) (YC) 0.50 (DN) 1.25
(E-NF) 1.32 (E-F) 1.36
CSR © | 17 | a7=85) \;Eﬁt;'rbsrﬁ:;‘:;:)r 60Hzandmax 50V (V) (halluces, | | 415,47 | ©N) | 474+33 | (©-ON) | 402
(DC) 17 | (54.2+8.1) (DC) 13.9+6.4 (DC)-(DN) 341
Simoneau (1994 (ON) 17 (55.0 £ 7.9) 'pr:zi‘{;rss\{l\lrfrggg)afllaments (SW rating /) (halluces, © 20405 ON) 46414
(DC) 3.3+0.5
Ethgg;I;(;I‘s\‘/;/?airT‘?Ii(;/)iduaIIy movable foot plates © 18214 (ON) 38436
(DC) 1.5+1.0
CS ©) 21 (81 +£0.9) |VPT: biothesiometer (V) (lateral malleoli) ©) 10.3+0.6 (DN) 23.5+3.6 (C)-(DN) 228
Uccioli (1995 (DC) 23 (31 +1.1) : : : (DC) 9.7+04 (DC)-(DN) 242
(DN) 10 (85 +1.9) |[VPT: biothesiometer (V) (hallucis, dorsal surface) ©) 9.6 +0.3 (DN) 29.5+5.0 (C)-(DN) 307
(DC) 7.4 +0.3 (DC)-(DN) 399
CS (C) 31 (31.9 £ 0.9) |VPT: biothesiometer (V) (lateral malleoli) ©) 9.18 £ 0.12 (DN) 28.15 + 5.41 (C)-(DN) 307
Uccioli (1997)% (DC) 18 | (31.3+1.8) (DC) |10.33 +0.61 (DC)-(DN) 273
(DN) 7 (85.1 £ 3.1) |VPT: biothesiometer (V) (hallucis, dorsal surface) ©) 9.01 £ 0.11 (DN) 34.82 + 6.68 (C)-(DN) 387
(DC) 7.22 £0.45 (DC)-(DN) 482

[Table 2 continues on next page]
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Table 2 (continued).

Outline of the Somatosensation Measurements of the Included Papers (1 = 15) and the Difference of VPT between
Study and Control Groups

Subjects Results Differences in
' Type i : Control Stud VPT scores
First author )(/)F; Age in Measurements of somatosensation y
years i Grou
(year) study Group | N . method (location) Mean + Mean + p .
(mean + Group SD Group SD versus %
SD) group
Healthy subjects
) 16 | (22.6+1.9) JMPT: isokinetic dynamometer (degrees) with 10° ) 24 (H-H) 24
eversion
i eakineti : o

Hertel (1996) fJMPTZ isokinetic dynamometer (degrees) with 20 ) 4.0 (H-H) 39

inversion

i eakineti : o

TJMPT._ isokinetic dynamometer (degrees) with 30 ) 4.0 (H-H) 36

inversion
Konradsen CS (HM) 7 27 till 38  |JMPT: active joint positioning (degrees)? (HM) 1.7 (HM-H) 1.8
(1993)* JMPT: passive joint positioning (degrees)” (HM) 1.8 (HM-H) 5.4

CSR (HM) 16 | (26.4 +6.5) |TpD: anesthesiometer (mm) (H) 124 £2.7 (H-H) 16.9+6.3
McKeon (2007)°
(HW) 16 | (21.4 £ 2.6) |Pressure algometry: algometer (kg) (H) 1.56+£0.5 (H-H) 21+07

CS, cross-sectional study; CSR, cross-sectional study with randomization of trials; C, control subjects; DN, diabetic neuropathy patients; DC, diabetes control
subjects; DN-NU, diabetic neuropathy patients without history of ulceration; DN-U, diabetic neuropathy patients with history of ulceration; DNmod, moderate
diabetic neuropathy; DNsev, severe diabetic neuropathy; YC, young control subjects; E-NF, elderly nonfallers; E-F, elderly fallers; H, healthy subjects,
men and women; H-H, healthy subjects hypoesthesia; HM, healthy men; HM-H, healthy men hypoesthesia; HW, healthy women; TPST, touch-pressure
sensation threshold; SW, Semmes Weinstein; JMPT, joint movement perception threshold; TpD, two-point discrimination; SD, standard deviation.

2The measures of left and right were averaged.

bThe scoring system has four levels of neuropathy: normal, mild, moderate, and severe. It consists of clinical testing of sensory modalities (light touch, vibration, and
pain), anatomic level below which light touch sensation is impaired, muscle strength, and ankle jerk. A total score of 0 is graded as no polyneuropathy, 1-9 as mild
polyneuropathy, 10-18 as moderate polyneuropathy, and 19-33 as severe polyneuropathy.

°The NDS is the product of scoring ankle reflexes plus vibration, pin prick, and temperature (cold tuning fork) sensation at the great toe. The maximum NDS is 10, and
scores of 3-5, 6-8, and 9-10 were defined as evidence of mild, moderate, and severe signs, respectively.

9The neurological disability score exists of lower limb muscle strength (distal and proximal muscle groups), touch pressure, vibration, joint position, pricking pain, and
quadriceps and Achilles tendon reflexes.

¢The values described in the table are measured of the graphs in the original article.

f Rating of measurements with Semmes Weinstein monofilaments ranging form 1.65 to 6.65. The higher the number, the more reduced somatosensation.

9The subject inverts the ankle from a neutral position at a speed of approximately 15°s. The foot was then held by the investigator at one of five positions of inversion
(5% 10°, 15°, 20°, or 25°) for 5 s. The subject moved his foot back to neutral and then attempted to replicate the test position actively. A mean error of active positioning
was calculated.

"The ankle was passively moved by the investigator to one of five positions of inversion (5° 10°, 15°, 20°, or 25°). The inversion position was reached in 1 s and was
held for 5 s. The ankle was then returned to neutral and then gradually inverted at a speed of 2%s. The subject was asked to say when he thought that his foot had
regained the initial position. The error in reproduction of the initial position was recorded, and the mean error was calculated.

In six articles, VPT, measured with different techniques,
was significantly increased in patients with DN
compared to controls.?»235 The VPT was between
139% and 2680% larger, compared to the healthy.
The other three studies using VPT also showed increased
values of somatosensation in patients compared to
control subjects; however, this was not significant* or
not statistically tested.*** The increased VPT of patients
with DN demonstrate that, in DN somatosensation, or
more precisely, the vibrotactile, sensation is deteriorated.

Another outcome measure of the tactile sensation is
the touch pressure sensation threshold measured using
Semmes Weinstein monofilaments. Corriveau and
coworkers® and Lafond and colleagues®* demonstrated a
significantly increased touch pressure sensation threshold
in patients with DN.%% Rogers and associates” found
differences of the touch sensation at the lateral malleoli,

but not on the more proximally located fibula head.
The increased touch pressure sensation threshold
supports the finding of increased VPT.

Somatosensation of patients with CMTIA and CMT2
was measured using the NDS.*# The various items of
the NDS were significantly different between CMT1A
and control subjects; however, NDS scores were
presented only for the patients and not for the control
group! In the second included article of Nardone and
coworkers,? patients with CMTIA appeared to have
the most severe neuropathy followed by CMT2 and DN,
with DN causing the least impairment. The increased
NDS demonstrates that the somatosensation of patients
with CMT1A and CMT2 is decreased. It should be
mentioned that NDS not only measures tactile sensation,
but also proprioceptive sensation.
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Table 3.

Outline of the Balance Measurements of the Included Papers (n = 15) and the Differences in Balance Measures
with Eyes Closed

Results eyes open Results eyes closed Differences in
balance measures
First author Balance measurements/ Clartiel St (Clairel Sy with eyes closed i .
pienention Mean + Mean + Mean + Mean + Stz
Group sD Group sD Group SD Group sD versus %
group
PNSD patients
A/P CoP displacement normal floor (mm/min)
145.2 + 497.2 + 280.4 + 1150.3 =
© | 43.4 BN) | 678.7 © | 156.5 (BN) 11795 | ON-©) | 410
Displacement of CoP with eyes Romberg coefficient? normal floor :;;ZHS?;::S;:; E?;:?téop
) open and closed, standing on a | (DN) | 27+£1.0 | © | 1906 | displacements than control
Bergin® normal floor and foam for 60 s, - - . )
with the Romberg coefficient? A/P CoP displacement foam floor (mm/min) subjects, and their VPT values
1781 468.7 « 356.8 « 1118.7 = were well correlated with this
calculated ©) | 667 (DN) | i ©) | 1289 (DN) | 790.7 (DN)-(C) | 314 |CoP displacement
Romberg coefficient® foam floor
©ON) [30+12] (© [21:06]
A/P CoP displacement (mm) during 5 s (averaged by original authors) |
ON) [ 210 [ © [ 124
[ONmilg)[ 15.5 [
Displacement of CoP during M/L CoP displacement (mm) during 5 s (averaged by original authors) |
stance with feet together, eyes (DN) 201 ©) 13.5 h | instability i "
d closed, and during a (DNmild) 17.0 the postqra instabi |ty Increase
Boucher® open and ¢ P 9 linearly with the severity of the
recovery interval (initial eyes were Scalar range of CoP displacement (mm) during 5 s (averaged by original authors) | neuropathy
closed, during the trial the eyes (DN) 18.8 (©) 12.0
were opened for 10 s) [ONmild)[ 151 |
Velocity of CoP (mm/s) @Iveraged by original authors) |
(DN) 22.0 ©) 14.8
| ONmild)[18.2
. RMS of A/P CoP-CoM displacement (cm) In all conditions, patients had
Displacement of CoP-CoM when N
. . 0.09 + 0.13 = 013 = 0.20 + significantly larger CoP-
fstandlnlgt for 1%(]) shon two sdjacent ©) | 0.02 | (DN) | 0.05 ©) 0.04 (DN) | 0.09 (DN)-(C) 154 |oom displacements than
Corriveau® orce piates with shoes and eyes RMS of M/L CoP-CoM displacement (cm) control subjects, this could
open and closed; three optotrack . underscore thei|: reliance on
sensors recorded marker 0.07 + 0.11 = 0.08 + L .
displacement (14 segment mode) (©) 0.01 (DN) 0.04 () 0.02 (DN) 0.14 £ 0.06| (DN)-(C) 175 V|S|ontto compensate for thte|r
: : : somatosensory impairmen
A/P CoP displacement (geometric mean in mm with 95% confidence interval)
4.2 ~ 5.3 5.6 _ 6.3 (DN-NU)-
© (3.6-4.9) (DN-NU) (4.6-6.2) © (4.8-6.6) (BN-NU) (5.5-7.2) (©) 13
4.2 _ 6.8 5.3 _ 9.1 (DN-NU)-
(0C) (8.7-4.7) (ON-U) (6.0-7.7) (eC) (4.5-6.2) (BN-U) (7.1-11.5) (DC) "9
(DN-U)-(C) | 163 _|A significant adverse effect of
Displacement of CoP during a (DN-U)- 172 patients with DN and with foot
Katouliss Romberg test (calculating the SD (DC) ulceration on postural control
of the movement of CoP while the M/L CoP displacement (geometric mean in mm with 95% confidence interval) was shown, while DM itself,
subject is standing) for 30 s 31 3.5 3.4 4.6 (DN-NU)- without DN, had no effect on
© | (o6-36 |OVNI ool | © |@p7iag| PNNI | 5757 | (© 185 |5 ostural control
3.2 5.3 37 6.6 (DN-NU)-
PO | 0g37)| PNV | ualsz | PO | g1ae| OV | 5088 | ©c |
(DN-U)-(C) | 194
(DN-U)-
00) 178
RMS of A/P CoP,, (mm)
© | 8,08 = | oN) | Lo | © | %2 o~ |5.53 x 1.56| (DN)-(C) | 141 [The displacement of CoP is
Displacement of the CoP,., during RMS of M/L CoP,., (mm) grr:ﬂ::c}l{ol?r:%ecr;rjt’r);n:vr:isch
standing balance for 120 s, with P N
Lafond?® eyes open or closed on two means that left and right evertor/
adjacent force plates 197+ 277+ 239+ invertor motor agt|V|t|e§ are not
©) 053 (DN) 0.97 ©) 081 (DN) 413 +£3.69| (DN)-(C) 173 |as well matched in patients as
. . . seen in control subjects
Surface area with feet 10 cm apart (mm?)
3211 + 391.7 + 590.2 + 936.2 + CMT-M)-
© 2561 |CMTM)| 5309 © s01.3 | CMTM) 621.4 ( (©) " | 150
Area of the line joining the average c S 677.9 = c S 2185.4 = c S)-(C Most CMT1A patients are able to
CoF to the instantaneous CoP CMT-S)| “300.3 (CMT-S) 1005.6 |(CMT-S)-(C)] 370 |stand upright normally because
Nardone*' ; - " of the negligible anatomical
during stance for 51 s, with eyes Surface area with feet together (mm?) or functional changes of their
open and closed -M)- K -
P © | Gaox |omrm| 887 | ) | 1T omrmy | 27220 (C'Vg)"") 141 |spindle group A fibers
1181.8 6883.1 =
(CMT-S) 4410 (CMT-S) 5303.2 (CMT-S)-(C)| 355
Body sway area (log;, mm?)
(©) 2.38 (DN) 2.80 (C) 2.63 (DN) 3.18 (DN)-(C) [ 121
CMT1A)-
Area of the line joining the average (CMT1A)[ 245 (CMT1A) 2.82 ( ©) ) 107  |While patients with DN and CMT2
CoF to the instantaneous CoP, and - are unstable during quiet stance,
Nardone**  |the mean SD of A-P area of the (OMT2) Me«zaiSSD of A-P sway of the CoP ((Bgﬂi)mz 318 (OMT2-C) 121 those with CMT1A are not this
CoP during stance for 51 s, eyes = 10 due to their relative sparing of
open and closed (©) 0.45 (DN) 0.65 (©) 0.63 (DN) 0.85 ga%(g) 135 _|qroup Ap fibers
(CMT1A)|  0.42 (CMT1A) 0.64 ( © ) | 102
(DMT2) 0.63 (DMT2) 0.86 (DMT2)-(C) | 137

[Table 3 continues on next page]
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Table 3 (continued).

Outline of the Balance Measurements of the Included Papers (n = 15) and the Differences in Balance Measures with
Eyes Closed

Results eyes open Results eyes closed Differences in
balance measures
First author Balance measurements/ Clonlize) Silvely Cloniiie) Sively with eyes closed .
o Mot o Grotp Author conclusions
Group [t = Group Reanl Group Rearl Group Rtearl versus %
SD SD SD SD
group
PNSD patients (continued)
. Range of RMS of sway (mm)
Range of RMS of sway during (DNmod)- No author conclusions
stance for 30 s on a force ©) 2.9+1.9 [(DNmod)| 1.9+ 0.5 ©) 29+1.6 | (DNmod) 27+13 © 93 associated with reduced
Richerson®  |platform, with eyes open and eyes - N "
closed (only measures before Tai somatosensation in relation with
Chi training are reported) (DNsev) | 3.5+ 1.6 (DNsev) 2.4 +1.4 |(DNsev)-(C)| 83 |decreased balance control
RMS of ankle rotation on a normal floor (degrees)
RMS values of ankle rotation were |_(YC) | 015 [ (ON) [ 022 | (v0) | 022 [ (©ON) [ 029 [(ON)}-(v0)| 132
calculated during stance for 40s, | (E-NF) [ 016 [ (E-F) | 023 [(ENF[ 028 | (EF | 049 [DON)-(ENF)| 126 |Noauthors conclusions
Rogers®7 with eyes open anq closed with (DN)-(E-F) | 59 |associated wit.h re.ducedA )
use of an optical displacement RMS of ankle rotation on a foam floor (degrees) somatosensation in relation with
device that was targeted at the vyo) | 023 | ©N) [ 039 [ (YO 0.35 (DN) 0.47 (DN)-(YC) | 134 |decreased balance control
right tibial tuberosity (E-NF) [ 0.33 (E-F) [ 049 [ENF [ 051 [ EF [ 077 [DN)-E-NF)| 92
(DN)-(E-F) 61
Total CoP excursion with the head straight (cm) The values of VPT, TPST, and
Total of CoP displacementduring | (©) [ 20.0 [ (ON) [ 333 (©)] 28.3 ©ON) | 500 [ (DN)-(C) [ 177 |JMPT were significantly higher
Simoneau®®s stance for 30 s, with elyes open (DC) | 22.2 | | | (DC) | 32.2 | | | (DN)-(DC) | 155 |[for the patignts compared with
and closed, head straight and Total CoP excursion with the head back (cm control subjects, and they were
head back © [ 2114 [ ©N [ 344 (©) 32.2 (DN) 70.0 | (DN)-(C) [ 217 [all equally associated with
oC) [ 222 | [ [ ©c) [ 350 [ ©N)-(DC) | 200 |instability
Trace length of CoP (cm)
(© [ 37778 | (DN) [ 555.56 | (C) 566.67 (ON) [ 1033.33 [ (DN)-(C) [ 182
(bC) [ 333.33 | [ [ (Do) 477.78 [ oNn)-DC) | 216
Total displ d velocity of Trace surface of CoP (cm?) There is strong evidence that DN
e o | (©) | 20000 [ (ON) | 48666 [ (C) [ 34167 | (ON) | 766.67 | (DN)-(C) | 224 |patients demonstrate a deficit in
Uccioies uring W (0C) | 200.00 | | [ o) | 275.00 | (ON)-(C) | 279 |their ability to maintain posture
ccioli eyes open and eyes closed, and " X
with the Romberg coefficient? Mean velocity of CoP (mm/s) even when adequate functlo_n
calculated © | 458 (ON) [ 1167 ©) [ 6.04 (ON) [ 19.79 [ (DN)-(C) | 328 |of the other sensory organs is
(oc) | 750 (oc) [ 10.63 [ (ON)-(DC) | 186 |present
Romberg coefficient?
oN) [ 212 [ © [ 19t
| [ ooy [ 159
Trace length of CoP (cm)
o [T ew | © |58 v g owo [ us
335.88 + 481.09 =
(DC) 3481 (DC) 82.52 (DN)-(DC) | 214
Trace surface of CoP (cm?) . .
Total displacement and velocity o |2082=] o | a6436 x| o [81819s | o | 73730% [ onio) | 235 Sgrtr'::;ss:’A‘;?g‘ns::&"’p%‘:ﬂ‘::fe"
Uccioli®® of the CoP during stance for 90 s, 27.38 113.51 33.26 171.09 ; . .
with open and closed eyes 188.92 + 264.27 + instability may be fully explained
(BC) 26.93 (DC) 45.78 (DN)-(DC) | 279 |by the presence of DN
Mean velocity of CoP (mm/s)
7.88 + 14.10 = 10.01 = 2519 +
©) 0419 (DN) | 257 ©) 0.95 (DN) | 315 (DN)-(C) 252
8.03 10.84 +
(DC) 0.85 (DC) 134 (DN)-(DC) | 232
Healthy subjects
Total postural sway (distance Postural sway (cm)
traveled away from the mean (H) 164 | (H-H) | 173 [ (H-H)-(H) | 105 |Lateral ankle joint anesthesia
Hertele2s center of ballance)Aand center of Center of balance for the x axis (cm) does not appear to alter postural
balance during unilateral stance sway or JMPT but does affect the
for 10 s, with eyes closed/lateral (H) 0.32 (H-H) 0.86 (H-H)-(H) | 269 [center of balance
aspect of the ankle anesthetized
Displacement of the CoP during Mean CoP displacement (mm)
single-leg stance fpr 60 S with Postural stability was maintained
eyes open, a tourniquet inflated to . .
Konradsen® |a minimum pressure of 350 mmHg equally w_eII with or without
just above the ankle and (HM) 5.4 (HM-H) 5.5 anesthesia of the normal ankle
anesthesia injected into two distal and foot
veins of the foot
95% confidence ellipse of the area of CoP (cm?)
Area and velocity of the CoP 0.81 + 0.75 + 1.01 + The area of CoP excursions ma
during double-lirrz/b stance for 10's, H | 0.46 | (H-H) | 0.43 H 0.78 (H-H) |0'74 = 0'38| (H-H)-(H) | 73 |have been reduced to restrict g
McKeon® with eyes open and closed/10 min Average velocity (cm/s) exploratory postural behavior
of ice immersion of the plantar given the decreased sensation
aspect of the feet (H) 161551 (H-H) 161521 (H) 162:?11 (H-H) [1.21£0.32| (H-H)-(H) | 95 [from plantar receptors

?Sway with eyes open divided by sway with eyes closed.
?The values described in the table are measured of the graphs in the original article.

C, control subjects; DN, diabetic neuropathy patients; DC, diabetes control subjects; DN-NU, diabetic neuropathy patients without history of ulceration; DN-U, diabetic
neuropathy patients with history of ulceration; DNmild, mild diabetic neuropathy; DNmod, moderate diabetic neuropathy; DNsev, severe diabetic neuropathy;
YC, young control subjects; NF, nonfallers; F, fallers; E-F, elderly fallers; H, healthy subjects, men and women; H-H, healthy subjects hypoesthesia; HM, healthy men;
HM-H, healthy men hypoesthesia; HW, healthy women; TPST, touch-pressure sensation threshold; JMPT, joint movement perception threshold; SD, standard deviation;
A/P, anterior/posterior, M/L, medial/lateral; RMS, root mean square; CoP, center of pressure; CoM, center of motion; CoP-CoM, the scalar distance at a given time
between CoP and CoM; CoF, center of foot pressure.
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Vibration perception threshold, touch pressure sensation
threshold, and NDS were used for measuring tactile
sensation of the different patient groups. Two-point
discrimination and pressure algometry were used
to measure tactile sensation in healthy subjects.’
Tactile sensation in healthy subjects was impaired when
the feet were hypothermically anesthetized. This was
only measured in one article® the other two studies®®

in healthy subjects only measured proprioceptive sensation.

This means that only a preliminary conclusion can
be drawn about decreased tactile sensation caused by
hypothermically anesthetising the plantar surface of the
feet of healthy subjects.

Proprioception

Proprioceptive sensation was tested in three different
studies.'”®** One study was in patients with DN, and
the other two studies were about experimentally reduced
somatosensation in healthy subjects.®>* Patients with DN
had significantly increased passive joint motion perception
threshold compared to the controls” In healthy subjects
who received an anesthetic injection at the lateral aspect
of the ankle, passive joint position sense was not affected.®
In contrast, when a tourniquet was applied just above
the ankle, inducing a local anesthesia from prolonged
ischemia, passive joint position sense was reduced.®
However, active joint position sense was not affected.®

The included articles showed that DN, CMT1A, CMT2, and
cooling the plantar surface of the foot of healthy subjects
negatively affected tactile sensation.'%?3-2634364142464750
Proprioceptive sensation is also deteriorated in DN and
by local ischemic anesthesia of the ankle and foot in
healthy subjects.!**

Balance

Nine of the 10 studies demonstrated that patients with
DN have a poor postural control during quiet stance
with eyes open and with eyes closed compared to healthy
individuals.??2634364750 The 10th study is not further
discussed because of contradiction between their results and
discussion.*® Patients with DN showed an increased area
of center of pressure (CoP)/*%%%0 velocity of CoP,*2%
CoP trace length,>?%3%% ankle rotation,” root mean square
values of the CoP-CoM variable [the scalar distance at
a given time between CoP and center of motion (CoM)],*
and values of CoP,, which is the weighted sum of the
time-varying position of the CoP from two force plates.®
When the eyes were closed, the percentages of differences

between DN and healthy controls even ran up to 410%.

The two studies about the patients with CMT
demonstrated no increase in sway area in patients with
CMT1A compared to control subjects, when the eyes
were both opened and closed.**> However, when the
CMTI1A group was subdivided based on severity of the
disease, sway area of the less severely affected patients
was not different from the controls, while sway area
of the more severely affected patients was significantly
increased.* The second article about CMT demonstrated
significantly increased sway area of CMT2 compared to
CMT1A.#2 Patients with CMT2 had a sway area similar to
the sway area of patients with DN, whereas the patients
with CMTIA had a sway area comparable with those
of healthy control.*? It should be noticed that, in both
articles, the sway area was measured during single-limb
stance.?¥? The single-limb stance is more challenging
to the postural control system than double-limb stance
measured in the other included articles. This means that
the increased body sway area of patients with CMT1A
(107%) and CMT2 (121%) found during single-limb stance
is not comparable with the increased body sway area
found using double-limb stance in patients with DN.

The differences in CoP-related outcomes were not distinct
between control measurements and experimental reduced
somatosensation measurements of healthy subjects.>*®
In two of the studies®* postural stability was maintained
equally well with or without anesthesia of lateral aspect
of the ankle or local ischemic anesthesia of the ankle
and foot. In the third study,® the plantar surface of the
feet was cooled with ice for 10 min. The effect of this
intervention was a decreased CoP area compared to
the control measurements, which is usually associated
with improved balance® The contradicting results found
after experimentally reduced somatosensation imply
that no statement can be made about the effect of this
experimentally reduced somatosensation on balance.

The increase in body sway of patients with DN or CMT2
during the eyes-closed condition compared to the healthy
control groups under the same condition could emphasize
their reliance on vision to compensate for their
somatosensory impairment. It is striking, however, that,
even during eyes-open conditions, the patients with DN
or CMT2 showed increased body sway, demonstrating
a poorer balance performance than the healthy
control.923-26343641424750 The finding that the patients with
DN and CMT2 differed from control subjects in all sway
testing conditions indicates that vision cannot fully
compensate for the reduced somatosensation.?-2¢42
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Somatosensation and Balance

An important relationship between the severity
of the neuropathy and postural stability is found.
Somatosensation in patients with DN correlated well with
body sway’*%% Postural instability increased linearly
with the severity of the neuropathy.® However, no
significant relationship was found between postural
stability and the NDS of CMT*# This could be the
consequence of the differences between peripheral nerve
fibers that are affected by DN, CMT1A and CMT2.

A morphologic study*® has demonstrated that CMT1A
features a loss of large sensory nerve fibers, whereas
smaller caliber fibers are less affected. The large sensory
nerve fibers, or the Aa fibers, are mostly responsible for
the innervation of primary muscle spindles and the Golgi
tendon organs,® which are part of the proprioceptive
system.® Smaller fibers, the group of Af fibers, are
responsible for the innervation of the cutaneous
receptors™ (e.g, Merkel’s cells, Pacinian corpuscles,
Meissner’s corpuscles, and Ruffini endings in the skin).%*
However, muscle spindles, Ruffini’s joint receptors, and
Pacinian joint receptors are also innervated by Af,*
which means that the AB fibers are both responsible for
tactile and proprioceptive sensation.

Nardone and colleagues** confirmed the findings of
Dyck and associates,® stating that CMT1A is featured
by a complete functional loss of A fibers. Patients with
CMTI1A still showed good postural stability, which may
be due to the fact that the smaller AB were relatively
spared by the disease.** The vibrotactile sensitivity,
however, innervated by A fibers, was impaired in
CMT1AM 1t seems plausible, therefore, that the Meissner’s
and Pacinian corpuscles (fast-adapting receptors), both
responsible for the vibrotactile sensation,* are less
involved in the control of standing balance than other
cutaneous receptors. This is a reasonable argument;
given the velocity sensitivity of the receptors, one would
predict a larger role of the slow-adapting receptors
(e.g, Merkel’s cells and Ruffini endings) where very slow
movements are concerned, as during maintenance of
quiet stance.*">* This is in line with a study of Perry and
coworkers,”® suggesting that, based on the slow-adapting
properties of Merkel’s cells and Ruffini endings, they
play a key role in quiet stance.

When both Aa and AP fibers were affected, as seen
in CMT2% and DN,1##-2634364750 patients were unstable.
This postural imbalance could be ascribed to the
decreased function of AP fibers.*> When there is only
a loss of Aa fibers (CMT1A) the standing balance is

maintained.**2 The Af fibers seem to conduct more
important information for stance control than Aa fibers.

Reducing proprioception due to experimentally impairing
specific proprioceptive receptors may suggest which of
the receptors, innervated by AP fibers, are responsible
for maintaining balance. When the anterior talofibular
ligament of the ankle is anesthetized, proprioceptive
sensation of the ankle is thought to be decreased.®
However, this specific anesthesia did not affect joint
position sense in the study of Hertel and colleagues,™
suggesting that the joint position sense was maintained by
the other tissues in the ankle (e.g, muscles and tendons).
This suggestion of maintained joint position sense
might explain the preserved standing balance found in
the same study. The intervention of anesthetizing the
anterior talofibular ligament was not sufficient to disturb
the proprioceptive system and the standing balance.®

The two other studies about experimentally reducing
proprioceptive and tactile sensation® or the tactile
sensation alone® could not provide any insight in the
discussion of which type of receptors are responsible
for the control of standing balance. Konradsen et al.®
tested the effect of reducing both the proprioceptive and
the tactile sensation. Therefore, no clear differentiation
between these two parts of somatosensation can be made.
McKeon and Hertel® found a decrease in CoP excursion
after cooling the plantar receptors. The authors explained
this unexpected finding as a defending mechanism to
maintain postural control by limiting the CoP excursions
toward the boundaries of the base of support.®
However, the question arises if this is a plausible
explanation based on the fact that in 11 out of the 15
articles included in this review found an increase in
CoP-related outcomes when the tactile sensation was
deteriorated by a disease.!%?3-26:343641424750

This review has demonstrated that the tactile sensation
is deteriorated in DN, CMT1A, and CMT2 and when
the plantar surfaces of the feet were cooled with
ice. Proprioception was less thoroughly investigated
compared to the tactile sensation. No conclusion could
be drawn about the impact of CMTIA or CMT2 on
proprioception. Joint motion perception threshold in
patients with DN and measurements of joint position
sense in healthy people with local ischemic anesthesia
of the ankle and foot was decreased. Joint motion
perception threshold and joint position sense are
both part of the proprioceptive sensation. Reduced
somatosensation had an impairing effect on balance in
patients with DN and CMT2, however, not in patients
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with CMT1A. This may be due to the nerve fibers affected
by the diseases. The AP fibers conduct more important
sensory information for controlling standing balance
than Aa fibers. Which receptors are the most involved is
not clear. To test the receptors individually, it is important
in future research to investigate the involvement step
by step. This can be done by reducing the tactile or
proprioceptive sensation individually by experimentally
reducing the sensation. However, this review showed
that experimentally reducing tactile or proprioceptive
sensation does not mimic somatosensory loss by DN or
CTM. The results from the studies that experimentally
reduce somatosensation show different effects compared
to patients with DN or CTM. The distinct deviation
between tactile and proprioceptive sensation is clearly
not present in DN and CMT. Moreover, long-term
compensation for the somatosensory loss can explain the
differences between patients and healthy people with
experimentally reduced somatosensation.
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Appendix A

1. Explode “Posture”/ all subheadings
The thesaurus term is exploded with

Head-down tilt

Prone position

Supine position
“Musculoskeletal-Equilibrium”/ all subheadings
Balance*
Posture*
lor2or3or4
Explode “Lower-Extremity”/ all subheadings
The thesaurus term is exploded with

Buttocks

Foot

Hip

Knee

Leg

Thigh
7. Explode “Foot”/ all subheadings

The thesaurus term is exploded with

SNESIL SN

Ankle
Forefoot, human
Heel

8. Foot*

9. Feet

10. Lower extremity*
11. Lower limb*
12. Leg*
13. 8 or 9 or 10 or 11 or 12
14. (13 in ti) or (13 in mime) or (13 in mjme) or (13 in ab)
15. 6 or 7 or 14
16. Explode “Peripheral-Nervous-System-Diseases”/ all
subheadings
The thesaurus term is exploded with
Acrodynia
Amyloid neuropathies
Brachial plexus neuropathies
Complex regional pain syndromes
Diabetic neuropathies
Guillain-Barre syndrome
Hand-arm vibration syndrome
Isaacs syndrome
Mononeuropathies
Nerve compression syndromes
Neuralgia
Neuritis
Neurofibromatosis
Pain insensitivity, congenital
Peripheral nervous system neoplasms
Polyneuropathies
Radiculopathy
Tarlov cysts

17.

18.
19.
20.

21.

22.

23.

24.
25.
26.

27.
28.
29.
30.
31
32.
33.
34.

Neuropathy
16 or 17
5 and 15 and 18
Explode “Peripheral-Nervous-System”/ all subheadings
The thesaurus term is exploded with
Autonomic nervous system
Ganglia, sensory
Nerve endings
Peripheral nerves
Explode “Mechanoreceptors”/ all subheadings
The thesaurus term is exploded with
Golgi-Mazzoni corpuscles
Merkel cells
Muscle spindles
Neuroepithelial cells
Pacinian corpuscles
Pressorreceptors
Pulmonary stretch receptors
Explode “Proprioception”/ all subheadings
The thesaurus term is exploded with
Kinesthesis
Musculoskeletal equilibrium
Explode “Afferent-Pathways”/ all subheadings
The thesaurus term is exploded with
Auditory pathways
Olfactory pathways
Spinocerebellar tracts
Spinothalamic tracts
Visceral afferents
Visual pathways
Somatosen®
20 or 21 or 22 or 23 or 24
Explode “Anesthesia”/ all subheadings
The thesaurus term is exploded with
Anesthesia, conduction
Anesthesia, dental
Anesthesia, general
Anesthesia, intratracheal
Anesthesia, intravenous
Anesthesia, obstetrical
Cryoanesthesia
Electroacupuncture
Hypnosis, anesthetic
“Sensory-Deprivation”/ all subheadings
“Vibration”/ all subheadings
Cool*
26 or 27 or 28 or 29
5 and 15 and 25 and 30
19 or 31
(English in la) or (Dutch in la) or (German in la)
32 and 33
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