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Sympathetic influence on biomechanical skin properties after
spinal cord injury
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Study design: Case–control study.
Objectives: To investigate changes of biomechanical skin properties and their relationship with
paralysis following spinal cord injury (SCI).
Setting: South Korea.
Methods: A total of 48 male subjects with chronic SCI and 48 age-matched healthy controls were
enrolled into this study. The C4 shoulder group and L2 thigh group were prescribed by two measured
anatomical regions that represented the C4 and L2 American Spinal Injury Association sensory
dermatomes. Each anatomical group was comprised of one control subgroup and three SCI subgroups
determined by sympathetic paralysis at the measured region and somatic completeness. The following
biomechanical skin properties were compared between the subgroups in each anatomical group by
using Cutometer, a non-invasive suction device: distensibility (Uf), elasticity (Ua/Uf and Ur/Uf) and
viscoelasticity (Uv/Ue and H). The impact of sympathetic and somatic sensory paralysis, somatic
completeness, age, smoking, body mass index and duration of injury on the indices of skin properties
were analyzed.
Results: In each anatomical group, sympathetic paralyzed subgroups regardless of somatic sensory
completeness showed lower value of skin distensibility (Uf), and higher values of elasticity (Ua/Uf and
Ur/Uf) and viscoelasticity (Uv/Ue and H), compared with other subgroups. Age and duration of injury
had significant impact on biomechanical skin properties.
Conclusion: The non-invasive suction method is useful for quantitative evaluation of skin affected by
SCI. In chronic SCI patients, biomechanical skin properties are significantly altered in the skin with
sympathetic paralysis rather than somatic sensory paralysis.
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Introduction

Spinal cord injury (SCI) causes many skin complications.

However, with the exception of pressure ulcers, these

complications are easily overlooked because they do not

have life-threatening sequelae. SCI is a systemic disease that

involves the immune, sympathetic and sensory nervous

systems. Altered physiological conditions following SCI have

direct impact on cutaneous behaviors.

Common skin complications following SCI include local

fungal infection, seborrheic dermatitis, chronic acne vulgaris

and pressure ulcers.1–2 Attenuated immune response follow-

ing SCI facilitates skin infections and lack of cutaneous

sensation increases the incidence of pressure ulcers. How-

ever, the exact mechanism of delayed wound healing and

chronic skin thickening remains to be elucidated. Studies

have reported that skin following SCI exhibited deficient

vascular reactions, decreased fibroblast activity, higher

collagen catabolism and subtype changes.3–5 These deficien-

cies may interrupt each step of the natural wound healing

process.6 Chronic SCI patients also experience skin thicken-

ing, which can be observed as early as 6 months after injury

and appears to increase gradually over the first 5 years, then
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plateau. In addition, skin thickening correlates well with the

neurologic level of injury (NLI) and the grade of autonomic

dysreflexia. It is more commonly found in patients with NLI

above T6, and high grade of severe autonomic dysreflexia on

a scale of 0–3.2

The lack of supraspinal control following SCI causes

autonomic dysfunctions, including vasomotor and sudomo-

tor actions7 that may have important roles in regulating the

biomechanical properties of the skin. The descending

vasomotor and sudomotor fibers, primarily dependent on

the sympathetic nervous system between T1 and L2 spinal

segments, travel together within the intermediolateral tract

of the spinal cord.8 Therefore, the integrity of the sympa-

thetic pathways following SCI can be assessed not only by

measuring either vasomotor or sudomotor responses, but

also by investigating the overall properties of the skin.

Cutometer is a reproducible and non-invasive in vivo

suction device that can determine the biomechanical

properties of human skin. All the parameters measured by

Cutometer are related to the composition and structure

of the skin that exhibits high inter- and intra-rater

reliability.9–10 The parameters consist of the following

biomechanical skin properties: distensibility, elasticity and

viscoelasticity. And they can be divided into absolute and

relative parameters. The absolute parameters are demon-

strated in Figure 1. The relative parameters are independent

of skin thickness and can be directly compared between

subjects or anatomical regions.9 In this study, the following

parameters were selected to compare between subgroups:

(1) Uf (final distension), total displacement from initial position

at maximum negative pressure, is linked to collagen and elastic

fibers stretching, and represents skin distensibility and

thickness. (2) Ua/Uf (gross elasticity), the ability of the skin

to return to its initial position following deformation, is related to

the function of elastic fibers. (3) Ur/Uf (biological elasticity),

the ratio of immediate retraction to total distension, is frequently

used in the clinical setting, which also explains the function

of the elastic fibers. (4) Uv/Ue (viscoelasticity), the ratio of

viscoelastic to elastic distension, is attributed to the displacement

of interstitial fluid throughout the fibrous network and

indicates the viscoelastic component of deformation. (5) H

(hysteresis) is the difference between distension between the

fifth and the first suction.9,11

Cutometer has been used as a tool in the research of

normal skin and skin diseases that affect skin mechanics,

such as psoriasis, scleroderma and diabetes mellitus.12–15

However, to our knowledge, no study has systematically

examined skin affected by SCI with the intention to define

the precise biomechanical features and to elucidate which

nervous systems are directly associated with skin alterations.

The objective of this study was to compare the biomecha-

nical skin properties between subgroups of SCI and control,

to investigate detailed skin changes and their relation to

paralysis.

Materials and methods

Subjects and study group

A total of 48 male patients with a minimum of 6-month SCI

history and NLI with C4 or below were enrolled into the

study. A total of 48 age-matched healthy subjects were

recruited as control. To avoid confounding factors, we

controlled smoking history, anthropometric data of weight,

height and body mass index between subgroups.

Neurological examinations were performed according to

the International Standards for Neurological Classification of

Spinal Cord Injury.16 We excluded subjects with: (1) focal

dermatological conditions at the region of measurement

(for example, localized edematous condition, hypertrophic

scar and burns), (2) evidence of systemic disorders or known

neuropathy that could have influenced the biomechanical

skin properties (for example, scleroderma, psoriasis, keloid,

diabetes mellitus and renal failure), (3) brain or brain stem

lesion and (4) disability to assume a neutral supine position

due to severe spasticity or joint contracture.

To investigate the impact of somatic sensory paralysis on

the biomechanical skin properties, all participants with SCI

and control subjects underwent skin testing in each region of

the C4 and L2 American Spinal Injury Association sensory

dermatomes. All the subjects belonged to each of C4

shoulder group (SG) and L2 thigh group (TG). Each

anatomical group was further divided into one control

subgroup and three SCI subgroups, determined by regional

sympathetic paralysis and degree of somatic completeness.

Figure 2 illustrated the ‘sympathetic dermatomes’17–19

compared with the American Spinal Injury Association

sensory dermatomes.

� Subgroup 1 (SG1 or TG1) was comprised of complete

somatic (AIS A) SCI patients whose sensory NLI were high

enough to present sympathetic paralysis of the measured

dermatomes. SG1 showed no sensory zone of partial

preservation extending throughout the thoracic derma-

tomes, and TG1 did not have any somatic sensory

sensation at L2 dermatome or below.

� Subgroup 1-I (SG1-I or TG1-I) consisted of incomplete

somatic (AIS B to D) SCI patients whose criteria for sensory

NLI were identical to that of subgroup 1.

Figure 1 Skin deformation curve obtained by Cutometer and its
absolute parameters. Abbreviations: Ue, immediate distension; Uv,
delayed distension; Uf, final distention; Ur, immediate retraction; Ua,
final retraction; R, reslience; H, hysteresis (refer to text for detailed
descriptions).
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� Subgroup 2 (SG2 or TG2) was comprised of SCI patients

with any AIS whose sensory NLI were low enough to

preserve normal sympathetic integrity of the measured

dermatomes.

� Subgroup 3 (SG3 or TG3) consisted of healthy controls for

each anatomical group.

Definitions of each subgroup and their characteristics of

neural innervations are summarized in Table 1.

Skin measurements

Subjects were made comfortable and acclimatized to room

conditions. Room temperature was maintained at 20–25 1C

and relative humidity at 40–50 %.12 Biomechanical proper-

ties of the skin were determined with a non-invasive,

reproducible suction device, Cutometer MPA 580 (Courage

& Khazaka Electronic GmbH, Köln, Germany). It evaluates

skin vertical deformation using an optical unit when it is

pulled upwards by means of a controlled vacuum.9,11 Among

2�8mm diameter probes, large 8mm probe was used in this

study. The time/strain mode was selected, with five con-

secutive cycles of a 5 s application of vacuum at 450 mbar,

followed by a 3 s relaxation period (Figure 1).14 In the supine

position, biomechanical skin properties were measured in

two body regions of the non-dominant side: the anterior

shoulder (C4 American Spinal Injury Association sensory

dermatome) and the middle of the medial thigh (L2

American Spinal Injury Association sensory dermatome)

(Figure 2). In each of the measured regions, the values of

skin deformation obtained were analyzed using the Cut-

ometer MPA 580 software. The study protocol was approved

by the Research Ethics Committee of Soonchunhyang Uni-

versity Hospital. All patients and control subjects gave

written informed consent at study enrollment.

Statistical analysis

In each anatomical group, the mean values of the bio-

mechanical skin parameters, as well as age, duration of

injury and anthropometric data, were compared between

subgroups. Significant differences of the mean values were

analyzed by one-way analysis of variance with post hoc

comparisons using the Tukey test. The w2-test was used to

compare the ratio of smoker between each subgroup. The

Pearson’s correlation coefficient test was used to evaluate the

relationship between age and the measured variables. The

impact of age and duration of injury on biomechanical skin

properties in the SCI subgroups were determined using

multiple linear regression analyses. A level of Po0.05

was considered statistically significant. All analyses were

performed using SPSS 14.0 software for Windows (SPSS Inc.,

Chicago, IL, USA).

Results

A total of 48 male patients with chronic SCI (mean age,

44.8±12.3; range, 21–67) and 48 age-matched normal

healthy controls (mean age, 43.9±12.5; range, 21–67) were

recruited. For each C4 shoulder and L2 TG, there was no

significant differences in age, ratio of smoker, weight, height

and body mass index between the subgroups. The mean

Table 1 Definition of each subgroup

C4 shoulder group (n¼96) L2 thigh group (n¼96)

SG1 (n¼11) SG1-I (n¼11) SG2 (n¼24) SG3 (n¼48) TG1 (n¼20) TG1-I (n¼17) TG2 (n¼11) TG3 (n¼48)

Neurologic level of injury XT1 XT1 pT4 NA XT10 XT10 pT12 NA
ASIA impairment scale AIS A AIS B to D Any AIS NA AIS A AIS B to D Any AIS NA
Somatic sensory paralysis � � � � Complete Incomplete + �
Sympathetic paralysis + ±? � � + ±? � �

Abbreviations: AIS, American Spinal Injury Association (ASIA) Impairment Scale; NA, not applicable; SG, subgroups of C4 shoulder group; TG, subgroups of L2

thigh group.

Figure 2 The American Spinal Injury Association sensory derma-
tomes (left) and sympathetic dermatomes (right) by spinal cord
segments. Measurements of the skin were performed at each region
of C4 and L2 American Spinal Injury Association somatic sensory
dermatomes (asterisks).
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duration of injury was shorter in SG1 (mean year, 2.7±0.9;

range, 0.7–4.2) than in SG1-I (mean year, 6.9±7.0; range,

0.9–19.6, P¼0.007) and SG2 (mean year, 12.1±10.7; range,

1.1–35.6, P¼0.07), although all SCI patients were in chronic

state more than 6 months following injury. Detailed

demographic and clinical characteristics of the subjects are

presented in Tables 2 and 3.

Comparison of biomechanical skin properties between main

subgroups

To investigate sympathetic influence on biomechanical skin

properties, we compared the mean values of each subgroup

in the two anatomical groups (Figure 3). In the C4 SG, in

which all the subjects had normal pinprick and light touch

sensation (score 2 on three-point scale) at the C4 derma-

tome, sympathetically paralyzed SG1 (n¼11) exhibited

significantly different outcomes from SG2 (n¼24), as well

as SG3 (n¼48) (Figure 3a): lower values in the distensibility

parameter (Uf, P¼0.000 versus SG2, P¼0.000 versus SG3)

and higher value in the elasticity (Ua/Uf, P¼0.001 versus

SG2, P¼0.000 versus SG3; Ur/Uf, P¼0.000 versus SG2,

P¼0.000 versus SG3) and viscoelasticity parameters (Uv/Ue,

P¼0.000 versus SG2, P¼0.000 versus SG3; H, P¼0.001

versus SG2, P¼0.000 versus SG3) than SG2 and SG3 subjects.

And there were no significant differences in biomechanical

skin values between SG2 and SG3 (PX0.095). Although all

SCI subjects in the L2 TG had no or impaired pinprick and

light touch sensation (Score 0 or 1) at the L2 dermatome,

TG1 (n¼20) also showed significantly different outcomes from

TG2 (n¼11) and TG3 (n¼48) (Figure 3b). The patterns of

cutaneous deformation in L2 TG were similar to that observed

in C4 SG, except in the absolute viscoelastic parameter of

hysteresis (H) that exhibited significantly lower value in TG3

(P¼0.000 versus TG1, P¼0.010 versus TG2) than that in TG1

and TG2. Thus, TG1 showed lower values in the distensibility

parameter (Uf, P¼0.046 versus TG2, P¼0.014 versus TG3),

and higher values in elasticity parameters (Ua/Uf, P¼0.048

versus TG2, P¼0.003 versus TG3; Ur/Uf, P¼0.030 versus TG2,

P¼0.008 versus TG3) and the relative parameter of visco-

elasticity (Uv/Ue, P¼0.016 versus TG2, P¼0.000 versus

TG3) than TG2 and TG3 subjects. There were no significant

differences in biomechanical skin values between TG2 and

TG3 (PX0.888), except in H (P¼0.010).

Relationship between incomplete somatic lesion and

biomechanical skin properties

To examine whether incomplete somatic lesion was asso-

ciated with sympathetic paralysis, the skin values of

subgroup 1-I (SG1-I (n¼11) and TG1-I (n¼17)) were

compared with that of subgroup 1 (SG1 (n¼ 11) and TG1

(n¼20)) and that of subgroup 3 (SG3 (n¼ 48) and TG3

(n¼48)), respectively (Figure 4). In each C4 shoulder and L2

TG, there were no significant differences across all cutaneous

parameters between subgroup 1 and subgroup 1-I (SG1

versus SG1-I, PX0.213; TG1 versus TG1-I, PX0.902).

However, in each anatomical group, complete and in-

complete SCI subgroups exhibited significantly different

values from normal control subgroups. In the C4 SG, SG3

showed higher value of Uf (P¼0.000 versus SG1, P¼0.000

versus SG1-I) and lower values of Ua/Uf (P¼0.000 versus

SG1, P¼0.000 versus SG1-I), Ur/Uf (P¼ 0.000 versus

SG1, P¼0.000 versus SG1-I), Uv/Ue (P¼0.000 versus SG1,

P¼0.000 versus SG1-I) and H (P¼0.000 versus SG1,

P¼0.000 versus SG1-I) than that of SG1 and SG1-I,

respectively (Figure 4a). In the L2 TG, although Uf was not

Table 2 Baseline demographics

C4 shoulder group (n¼96) L2 thigh group (n¼96)

SG1
(n¼11)

SG1-I
(n¼11)

SG2
(n¼24)

SG3
(n¼48)

P* TG1
(n¼20)

TG1-I
(n¼17)

TG2
(n¼11)

TG3
(n¼48)

P*

Age (y) 43.5±5.5 51.8±10.6 43.0±10.8 43.9±12.5 0.227 43.6±13.5 48.0±12.7 41.8±8.8 43.9±12.5 0.565
Weight (kg) 70.6±6.5 67.6±7.0 69.2±7.0 67.5±7.8 0.547 69.6±6.5 68.5±5.9 69.2±8.4 67.5±7.8 0.720
Height (cm) 168.5±4.1 168.9±4.4 169.6±6.6 168.5±5.9 0.887 169.3±6.7 168.2±4.0 170.2±4.8 168.5±5.9 0.781
BMI (kgm�2) 24.9±2.6 23.8±3.1 24.2±3.2 23.8±2.4 0.592 24.4±3.4 24.3±2.7 23.9±2.5 23.8±2.4 0.749
No. of smokers (%) 3 (27.3) 2 (18.2) 8 (33.3) 18 (37.5) 0.798a 6 (30.3) 5 (29.4) 3 (27.3) 18 (37.5) 0.732a

Duration of injury (y) 2.7±0.9 6.8±7.0 12.1±10.7 NA 0.013 8.2±8.9 7.5±9.4 11.9±9.1 NA 0.425
0.007b

Abbreviations: BMI, body mass index; NA, not applicable; SG, subgroups of C4 shoulder group; TG, subgroups of L2 thigh group.

Values are mean±s.d. unless otherwise indicated.

*One-way ANOVA comparing three or four means.
aw2-test for smoker.
bTukey test for duration of injury between SG1 and SG1-I.

Table 3 Clinical characteristics of SCI participants

NLI No. of subjects (each AIS)

C4 7 (4 AIS A, 2 AIS C, 1 AIS D)
C5 5 (2 AIS A, 1 AIS B, 2 AIS C)
C6 5 (2 AIS A, 2 AIS C, 1 AIS D)
C7 5 (3 AIS A, 1 AIS B, 1 AIS D)
T2 2 (1 AIS A, 1 AIS B)
T4 2 (1 AIS A, 1 AIS C)
T5 5 (4 AIS A, 1 AIS B)
T7 1 (1 AIS C)
T8 1 (1 AIS A)
T10 4 (2 AIS A, 1 AIS B, 1 AIS C)
T12 8 (7 AIS A, 1 AIS B)
L1 3 (1 AIS B, 2 AIS C)
Total 48 (27 AIS A, 7 AIS B, 11 AIS C, 3 AIS D)

Abbreviations: AIS, American Spinal Injury Association Impairment Scale;

NLI, neurologic level of injury; SCI, spinal cord injury.
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statistically different between TG1-I and TG3 (P¼0.064),

other cutaneous parameters of TG3 were significantly

different from that of TG1 and TG1-I (Figure 4b): higher

value of Uf (P¼0.015 versus TG1), and lower values

of Ua/Uf (P¼0.002 versus TG1, P¼0.006 versus TG1-I),

Ur/Uf (P¼0.008 versus TG1, P¼0.049 versus TG1-I), Uv/Ue

(P¼ 0.003 versus TG1, P¼0.003 versus TG1-I) and H

(P¼ 0.000 versus TG1, P¼0.000 versus TG1-I) than that of

TG1 and TG1-I.

Relationship between independent influential factors and skin

variables

Pearson’s correlation coefficients between age and skin

variables in each control subgroup (SG3 and TG3) were

analyzed (Table 4). In SG3, age had negative correlations

with Uf (r¼ –0.509; P¼ 0.000), Ua/Uf (r¼ –0.485; P¼0.000),

Ur/Uf (r¼ –0.548; P¼0.001) and H (r¼ –0.274; P¼0.030),

and positive correlation with Uv/Ue (r¼0.341; P¼0.009).

Figure 3 To investigate sympathetic influence on the biomecha-
nical skin properties, the mean skin values were compared between
the C4 shoulder subgroups (a), and between the L2 thigh subgroups
(b). One-way analysis of variance was performed to compare the
three subgroups by using a Tukey’s post hoc test. *Po0.05 versus
SG1 or TG1; wPo0.05 versus SG2 or TG2.

Figure 4 To investigate the impact of somatic completeness on the
biomechanical skin properties, the mean skin values were compared
between the C4 shoulder subgroups (a), and between the L2
thigh subgroups (b). One-way analysis of variance was performed
to compare the three subgroups by using a Tukey’s post hoc test.
*Po0.05 versus SG1 or TG1; wPo0.05 versus SG1-I or TG1-I.
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In TG3, age also had negative correlation with Uf

(r¼ –0.292; P¼0.022), Ua/Uf (r¼ –0.294; P¼0.021) and Ur/

Uf (r¼ –0.378; P¼0.004), and positive correlation with Uv/

Ue (r¼0.246; P¼0.046). Multiple linear regression analyses

demonstrated the impact of age in addition to duration of

injury on biomechanical skin properties in TG1 (Table 5). Uf

and Uv/Ue were significantly influenced by duration of

injury, as well as age. Uf and Uv/Ue (dependent variables)

could be predicted from linear combination of

age and duration of injury, as follows: Uf¼1.170þ0.072�
duration of injury–0.012� age, in which adjusted R2¼
0.82, Po0.001; Uv/Ue¼0.144–0.028�duration of injuryþ
0.013� age, adjusted R2¼0.75, Po0.001. Ua/Uf and Ur/Uf

were significantly influenced by duration of injury rather

than age, as follows: Ua/Uf¼ 0.837–0.030�duration of injury,

adjusted R2¼0.86, Po0.001; Ur/Uf¼0.494–0.018�duration

of injury, adjusted R2¼0.80, Po0.001. However, independent

variables of age and duration of injury did not demonstrate

any influence on dependent skin variables in SG1 (n¼11) and

TG2 (n¼11).

Discussion

To evaluate the biomechanical properties of skin affected by

SCI, we used a suction skin elasticity meter for the first

time in the present study. In doing so we confirmed

that biomechanical skin properties were significantly

influenced by sympathetic paralysis rather than somatic

sensory paralysis.

A recent study on skin axon-reflex vasodilatation (SkARV)

demonstrated an excellent relationship between complete

somatic lesion (AIS A) and sympathetic paralysis in para-

plegic patients with NLI above T12.19 However, there was

relatively poor relationship between incomplete somatic

lesion and sympathetic paralysis.19 Thus, we hypothesized

that SG1 and TG1 based on the classic ‘sympathetic

dermatome’17–19 may have total sympathetic paralysis of

the C4 and L2 dermatomes respectively, whereas SG2 and

TG2 may show normal sympathetic innervation of the

dermatomes. Our study confirmed that the skin of sympa-

thetic denervation showed different values compared with

that of normal sympathetic innervation.

As for subgroup 1-I (SG1-I and TG1-I) of incomplete

somatic lesion, we hypothesized that the results of skin

testing might vary because the extent of sympathetic

paralysis was probably related to the severity of the somatic

lesion. However, we could not find any differences in

skin properties between SCI subjects with complete and

incomplete somatic lesion (SG1 versus SG1-I and TG1 versus

TG1-I). It can be explained by the small sample size, as only

three subjects (6.3%) among 48 SCI patients had mild

somatic sensory lesion (AIS D). Furthermore, the duration

of injury in SG1-I patients was much longer than that of SG1

patients (6.8 y versus 2.7 y, P¼0.007). Thus, SG1-I patients

may have had more chance to develop skin deformation

than SG1 patients.

In accordance with previous studies,12,13 age significantly

correlates with all biomechanical skin parameters in healthy

control subjects. However, in TG1, the duration of injury,

rather than the age, was proven to be the most important

factor influencing skin changes. Because the amount of

dermal thickening is positively correlated with the duration

of injury,2 the thickening process following SCI may be

strong enough to overwhelm the impact of aging on

biomechanical skin properties.

The pathological process of SCI involves not only the

epidermis but also the dermis.2,5 Therefore, we used

the large 8mm diameter measuring probe to determine the

Table 4 Correlations between the age and biomechanical skin variables
in each control subgroup

Correlation coefficient, r

SG3 (n¼48) TG3 (n¼48)

Uf �0.509* �0.292*
Ua/Uf �0.485* �0.294*
Ur/Uf �0.548* �0.378*
Uv/Ue 0.341* 0.246*
H �0.274* �0.017

Abbreviations: SG3, control subgroup of C4 shoulder group; TG3, control

subgroup of L2 thigh group; Ua/Uf and Ur/Uf, elasticity; Uf, distensibility;

Uv/Ue and H, viscoelasticity.

*Po0.05.

Table 5 Multiple linear regression analysis of age and duration of injury influencing the dependent variables of the biomechanical skin properties in
TG1

Uf Ua/Uf Ur/Uf Uv/Ue

b t b t b t b t

TG1 (n¼20)
Duration of injury 0.89 9.16w �0.93 �10.73w �0.90 �8.60w �0.72 �6.32w

Age �0.23 �2.30* �0.01 �0.15 �0.01 �0.08 0.53 4.65w

Adjusted R2 0.82 0.86 0.79 0.75
F-value 44.08w 57.68w 37.04w 30.03w

Abbreviations: TG1, complete AIS A SCI subjects of L2 thigh group whose NLI is T10 or above; Ua/Uf and Ur/Uf, elasticity; Uf, distensibility; Uv/Ue, viscoelasticity.

Multiple linear regression analyses were performed to determine the impact of age and duration of injury on the indices of dependent skin variables.

*Po0.05.
wPo0.001.
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biomechanical properties of the whole skin layer, rather

than the small 2-mm probe that covers only the epidermis

and the papillary dermis.9,11

Decreased Uf in SG1 and TG1 indicates increased hard-

ening of the skin. This is probably due to chronic skin

thickening characterized by brawny induration and dermal

fibrosis.2,5 Clinically, non-pitting thickening and skin

hardening is prominent over the face, posterior upper arms

and anterolateral thighs in chronic SCI patients. It has been

reported that skin thickening is more commonly found

in tetraplegia than in paraplegia.2 Histopathologically,

fibroproliferative change and shrinkage of the connective

tissue were observed in thickened reticular dermis.5

In tetraplegic patients, the skin of the entire body, including

that above the somatic sensory NLI, can be affected by

interrupted supraspinal control of the sympathetic

nervous system. Thus, the face of a tetraplegic is typically

characterized by relative pallor, hair loss, anhydrosis,

conjunctival redness, oily skin and goose-flesh.20 In the

affected skin of chronic SCI patients, Type III collagen

exhibiting elastic properties was decreased in the upper

dermis without specific changes in Type I collagen.5

However, Ua/Uf and Ur/Uf (gross and biological elasticity)

of SG1 and TG1 were unexpectedly increased in this

study. The findings suggest that the overall elastic tissues

are not seriously involved in the pathological process, and

that the elastic fibers are already stretched due to markedly

thickened dermis. Moreover, the shrunken collagen bundles

might be easily separated from each other, which may reduce

the friction between collagen fibers, and facilitates the

movement of interstitial fluid in the reticular dermis. This

can also explain the reason of increased Uv/Ue. Further-

more, because Uv/Ue is a relative parameter of viscoelasti-

city, therefore, markedly reduced dermal distension can

cause relative increase in the ratio of viscoelastic to

elastic distension.

Study limitations

This study has some limitations. First, and most important,

sympathetic dermatomes by cord segments are less precise

than sensory dermatomes due to larger overlaps.18 To avoid

confusion, strict standards were imposed on determining

subgroups 1 (SG1 and TG1). Therefore, we did not include

patients with incomplete SCI (AIS B to D) to subgroup 1 and

excluded two SCI subjects whose somatic sensory NLI were

T2 because sympathetic innervation of the skin at the region

has not been clearly defined. Second, sexual difference and

early findings of skin properties were not demonstrated

because all the participants were male, and in a chronic

condition with a history of injury of 6 months or more.

Third, there was no attempt to quantify hydration using

food diary before skin measurements, although it is well

known that hydration can affect biomechanical skin proper-

ties. Finally, individual skin temperatures at the measured

regions were not considered in this study, although room

temperature and humidity were strictly controlled in

accordance with previous studies.12 It has been generally

accepted that skin temperature could be controlled if the

room temperature is managed. However, the enrolled

subjects were relatively healthy in most previous studies.

Thus, it is unclear whether the same can be applied to SCI

patients who seriously lack the ability of temperature

regulation.

Further studies encompassing larger sample sizes that

take into account age, sex, more anatomical regions and

important confounding factors are required to ascertain the

exact sympathetic dermatome that is important in determin-

ing sympathetic NLI.

Conclusions

The biomechanical skin properties were significantly

altered following SCI, and these changes were directly

influenced by regional sympathetic denervation rather than

somatic sensory denervation. Skin property testing using

non-invasive, in vivo suction method can have an important

role in quantifying the sympathetic involvement of skin

affected by SCI.
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