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Abstract
Background

Although the correlation between reduced skin thickness and reduced bone density has been investigated,
no study has evaluated skin thickness and osteoproliferative diseases, including ossification of the posterior
longitudinal ligament (OPLL) and diffuse idiopathic skeletal hyperostosis (DISH).

Methodology

This retrospective cohort study consisted of 99 consecutive patients aged >60 years treated for spinal surgery
at our hospital between January 2022 and March 2023. Skin thickness was measured at the dorsal side of the
cervical, thoracic, and lumbar vertebrae on the sagittal cross-section image of whole-spine CT. Based on the
median value, skin thickness was categorized into two groups based on a median thickness of 4 mm. Bone
mineral density (BMD) was assessed. The sum of the vertebral body and intervertebral bridging osteophytes
of the anterior longitudinal and posterior longitudinal ligament were defined as the OALL index and OPLL
index. Serum levels of bone metabolism-related markers, such as tartrate-resistant acid phosphatase type
5b, procollagen I N-propeptide, 25-hydroxyvitamin D, and periostin, were measured. To assess the
association between skin thickness and imaging findings, we calculated the adjusted odds ratios, adjusting
for age, sex, and body mass index (BMI) and using univariate and multivariate logistic regression analyses.

Results

No significant differences were found in skin thickness in the three dorsal regions of the cervical, thoracic,
and lumbar spine (median = 3.3 mm versus 3.5 mm versus 3.4 mm, p = 0.357) and bone metabolism-related
markers. Adjusting for age, sex, and BMI, cervical, thoracic, and lumbar skin thicknesses were related to
DISH, the OPLL index, and the OPLL and OPLL index, respectively.

Conclusions

Skin thickness did not correlate with BMD but with the amount of spinal ossification. A correlation was
found between skin thickness and vertebral and intervertebral ossification; vertebral osteophytes, OPLL,
and DISH may be more common in thicker skin.

Categories: Dermatology, Orthopedics
Keywords: osteoporosis, diffuse idiopathic skeletal hyperostosis, ossification of the posterior longitudinal ligament,
osteoproliferative disease, skin thickness

Introduction

With the emergence of a super-aging society, degenerative bone metabolic diseases such as osteoporosis and
osteoproliferative diseases, including ossification of the posterior longitudinal ligament (OPLL) and diffuse
idiopathic skeletal hyperostosis (DISH), have increased in number and garnered more attention [1-3]. While
factors such as genetics, aging, sex, endocrinology, metabolism, inflammation, and lifestyle have been
implicated in these bone metabolism diseases [1-3], their underlying pathology remains elusive. Gaining
insights into the complexities of these conditions is essential not only for relieving the burdens on patients,
healthcare providers, and society but also for enabling early diagnosis and intervention.

The skin is continuous and soft on the body surface, whereas the bones are hard and separate into more than
200 forms in the body [4]. Despite these obvious differences in appearance and composition, both skin and
bones exhibit remarkable similarities [4]. They share common structural features and cellular functions,
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influenced by a shared matrix.

The human skin, averaging a 2 mm thickness, comprises layers of the epidermis (0.05-1.5 mm) and dermis
(0.3-3.0 mm), with keratinocytes accounting for 90% of the epidermis and fibroblasts being the primary
cellular component of the dermis [5]. Similarly, in bone formation, osteoblasts and specialized fibroblasts
play a pivotal role by secreting and calcifying a specific matrix [4]. Both the skin and bones are dynamic
organs undergoing continuous metabolic processes. Fibroblasts and keratinocytes in the skin, as well as
osteoblasts (a subtype of fibroblast) in the bones, utilize Wnt signaling to synthesize collagen, the principal
organic constituent responsible for maintaining strength and protecting the body from external damage
[4,6,7].

Skin symptoms often serve as indicators of various underlying medical conditions [8-10]. As early as 1919, it
was observed that the skin acts as a mirror, reflecting fundamental truths about the pathogenesis of common
diseases [8]. In other words, the skin serves as a window into internal bodily processes, often manifesting the
initial signs or symptoms of systemic diseases, such as metabolic, cardiovascular, renal, gastrointestinal, and
oncological disorders, which may be the sole indication of an underlying systemic condition [8-10]. Aurégan
et al. [9] conducted a systematic review in 2018, revealing a moderate correlation between decreased skin
thickness and reduced bone mineral density (BMD). While previous studies have primarily focused on the
connection between skin thinning, BMD, and osteoporosis, the association between bone metabolism-
related markers, collagen, and bone proliferative diseases such as OPLL and DISH has been underexplored.
Therefore, this study aims to shed light on the relationship between skin thickness, BMD, bone turnover
markers, and osteoproliferative diseases (OPLL and DISH).

Materials And Methods
Study design and patients

This retrospective cohort study included 159 consecutive patients aged 60 years or older who underwent
spinal surgery at our hospital from January 2022 to March 2023. Patients with vertebral fractures (n = 18),
atlantoaxial joint subluxation (n = 1), bone metastasis (n = 8), spinal tumors (n = 3), or insufficient evaluable
data (n = 30) were excluded from this study. Ultimately, 99 patients with degenerative spinal diseases
(cervical, 16; thoracic, 6; thoracolumbar, 2; lumbar, 75) were deemed eligible and their data were included in
the analysis. This study received approval from the Saga University Clinical Research Review Board (approval
number: #2023-06-R-01).

Skin thickness

Analysis was performed using a 64-slice detector CT scanner (Canon Aquilion; Canon Medical System Co.,
Tochigi, Japan) with 1.0 mm thick axial slices in the bone window setting (window: 2000; level: 200). Skin
thickness was categorized into two groups based on the median value using a cutoff of 4 mm. The average
skin thickness at the cervical (C4-5, C5-6, C6-7 disc levels), thoracic (T7-8, T8-9, T9-10 disc levels), and
lumbar (L2-3, L3-4, L4-5 disc levels) regions was determined from sagittal cross-sectional images using
whole spine CT (Figures 1, 2).
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FIGURE 1: Measurement of cervical, thoracic, and lumbar spine skin

thickness using sagittal whole-spine CT.

The average skin thickness at the cervical (4-5, C5-6, C6-7 disc levels), thoracic (T7-8, T8-9, T9-10 disc levels),
and lumbar (L2-3, L3-4, L4-5 disc levels) is defined as skin thickness.
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FIGURE 2: Measurement of cervical spine skin thickness using sagittal
whole-spine CT.

Dashed line: extension of the intervertebral disc. Bidirectional arrows: skin thickness.

In this case, the skin thickness (average) of the cervical skin is 7.7 mm (7.3 mm at the C4-5 level, 8 mm at the C5-
6 level, and 7.9 mm at the C6-7 level).

Imaging

We investigated BMD, bone osteophyte formation, and bone proliferative diseases. BMD was evaluated by
preoperative BMD testing (lumbar spine L1-L4 and total hip) using dual-energy X-ray absorptiometry, with
measurements referenced to young adult mean values. In Japan, the criteria for osteoporosis diagnosis,
formulated in 1996, were originally derived from the percentage of young adults with a mean areal BMD of
the lumbar spine or femoral neck. Osteoporosis was defined as a fragility fracture in a young adult with a
mean BMD of 70% or below [11]. The diagnosis of OPLL and evaluation of ossified OPLL lesions were made
using CT scans of the cervical, thoracic, and lumbar spine. Radiographic and biochemical evaluations ruled
out metabolic diseases associated with OPLL, including hypophosphatemic rickets, osteomalacia, and
hyperparathyroidism. DISH was diagnosed based on the continuous ossification of the anterior spinal
ligament involving four or more vertebrae, with degenerative disc disease being excluded [12]. The
ossification index of all vertebrae was calculated by summing the vertebral bodies and intervertebral
bridging osteophytes in the anterior and posterior regions of all vertebrae according to the method of
Kawaguchi et al. [13,14]. The sum of the vertebral body and intervertebral bridging osteophytes of the
anterior longitudinal and posterior longitudinal ligaments were defined as the OALL index and OPLL index,
respectively.
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Laboratory

Serum bone-related markers, such as tartrate-resistant acid phosphatase type 5b (TRACP5b), procollagen I
N-propeptide (P1NP), 25-hydroxyvitamin D (250HD), intact parathyroid hormone (PTH), calcium (Ca),
phosphate (P), estimated glomerular filtration rate (eGFR), and periostin, were measured. Periostin is a
secreted extracellular matrix protein expressed in collagen-rich fibrous connective tissue [15]. Its production
is induced by fibroblasts in the skin and osteoblasts in the bone. Elevated periostin levels correlate with
inflammatory skin diseases and OPLL [15,16].

Statistical analysis

The normality of data distribution was assessed using the Shapiro-Wilk test. Quantitative data with non-
normal distributions were presented as medians (interquartile range) and compared using the Kruskal-Wallis
test (for three groups).

To evaluate the association between skin thickness and imaging findings, univariate logistic regression
analysis was performed to calculate crude odds ratio (OR), while multivariate logistic regression analysis
was used for calculating adjusted OR after accounting for age (years, continuous), sex (0: male, 1: female),

and body mass index (BMI; kg/mz, continuous). Skin thickness (0: <4 mm, 1: >4.0 mm) was considered the
dependent variable, while images (0: absent, 1: present) were defined as the independent variable. The
absence of images served as the reference category, with an OR of 1.00, and the ORs for the other categories
were interpreted relative to this reference.

To assess the association between skin thickness, images, and laboratory test results, a simple regression
analysis was performed using the crude partial regression coefficient (B). Multivariate regression analysis
was performed using the adjusted B controlled for age (years, continuous), sex (0: male, 1: female), and BMI
(kg/mz, continuous). Skin thickness (mm, continuous) was used as the dependent variable, while images or
laboratory test results (continuous) were used as independent variables.

All analyses were performed using JMP® Pro 16 software (SAS Institute, Cary, NC, USA). As skin thickness
was evaluated separately for the cervical, thoracic, and lumbar levels, the significance level was adjusted
using the Bonferroni correction (0.05/3), with a p-value of 0.017 considered statistically significant.

Results
Clinical characteristics of the cohort

Table I presents the clinical characteristics of the cohort. The mean age of the participants was 74.3 years,
with 42.4% being women. Analysis revealed no significant differences in skin thickness across the three
dorsal regions spanning the cervical, thoracic, and lumbar spine (median = 3.3 mm versus 3.5 mm versus 3.4
mm, Kruskal-Wallis test, statistic H = 2.058, p = 0.357).
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Demographics (n=199)

Age®, years 743+7.2
Female®, n (%) 42 (42.4)

Body mass index?, kg/m? 23.4 (21.2-27.0)
Image

Cervical skin thickness®, mm 3.3(2.6-4.2)
Thoracic skin thickness®, mm 3.5(2.7-4.4)
Lumbar skin thickness®, mm 3.4 (2.6-3.9)
BMD lumbar spine®, % 101.0 (87.0-115.0)
BMD total hip®, % 85.0 (75.0-94.0)
Osteoporosis®, n (%) 25(25.2)
DISHC, n (%) 32(32.3)
OPLLS, n (%) 22 (22.2)
Laboratory

TRACPSb?, mU/dL 409.0 (313.0-555.0)
PINPP, pg/L 46.4 (33.8-67.4)
250HDP, ng/mL 16.1 (10.7-20.8)
Intact PTHP, pg/mL 51.0 (37.0-68.0)
Ca? mg/dL 91104

PP, mg/dL 3.4(3.0-3.7)
eGFRY, mL/minute/1.73m? 65.8 (51.7-78.2)
Periostin®, ng/mL 35.0 (27.8-40.1)

TABLE 1: Demographics, image, and laboratory data of the study cohort.

a: Values are presented as mean + standard deviation.
b: Values are presented as median (interquartile range).

C: Values are presented as number (percentage).

BMD = bone mineral density; OPLL = ossification of the posterior longitudinal ligament; DISH = diffuse idiopathic skeletal hyperostosis; TRACP5b =
tartrate-resistant acid phosphatase type 5b; P1NP = procollagen | N-propeptide; 250HD = 25-hydroxyvitamin D; PTH = parathyroid hormone; eGFR =
estimated glomerular filtration rate

The demographics, imaging, and laboratory parameters between cervical, thoracic, and lumbar skin
thickness of >4.0 mm and <4.0 mm are summarized in Table 2.
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Demographics

Age, years®

Female®, n (%)

Body mass index®, kg/m?

Image

BMD lumbar spine®, %

BMD total hip?, %

Osteoporosis®, n (%)

OALL index®

OPLL index®

DISH, n (%)

OPLL, n (%)

Laboratory

TRACP5b?, mU/dL

PANPP, pg/L

250HD, ng/mL.

Intact PTHP, pg/mL

Ca?, mg/dL

PP, mg/dL

eGFR®, mLminute/1.73m?

Periostin®, ng/mL

TABLE 2: Demographics,

mm.

Cervical skin thickness

4.0 mm (n = 28)

727+76

7 (25.0)

25.2 (23.3-28.5)

110.0 (99.0-137.5)

94.0 (83.5-102.0)

3(10.7)

0(0-0)

0(0-1)

16 (57.1)

9(32.1)

354.0 (285.3-539.0)

43.5 (34.1-55.4)

17.1(13.4-20.9)

42.5 (33.3-60.5)

3.3(2.9-35)

65.5 (53.6-72.9)

30.2 (24.4-41.5)

<4.0mm (n="71)

75.0+£7.0

35 (49.3)

22.3(20.1-26.2)

96.0 (85.0-111.0)

81.0 (71.0-93.0)

22 (31.0)

0(0-0)

0(0-0)

16 (22.5)

13 (18.3)

421.0 (326.0-559.0)

54.1 (33.8-80.2)

16.0(9.9-20.8)

52.0 (39.0-71.0)

9.1£04

3.4 (3.0-3.9)

66.9 (48.9-78.4)

35.6 (28.3-40.1)

2: Values are presented as mean + standard deviation.

b: Values are presented as median (interquartile range).

C: Values are presented as number (percentage).

Thoracic skin thickness

4.0 mm (n = 38)

725+7.2

10 (26.3)

24.8 (21.9-28.6)

104.5 (89.5-115.5)

90.0 (79.8-98.3)

5(13.2)

0(0-0)

0(0-1)

15 (39.5)

11 (29.0)

377.0 (303.3-551.3)

41.2 (31.4-57.3)

16.6 (13.3-20.3)

51.5 (38.5-63.3)

33(2.8-35)

65.7 (53.5-82.2)

31.8 (27.7-40.3)

<4.0 mm (n =61)

754+71

32 (52.5)

22.7 (20.5-25.8)

100.0 (85.0-115.0)

81.0 (71.0-93.5)

20 (32.8)

0(0-0)

0(0-0)

17 (27.9)

11(18.0)

4210 (331.5-557.0)

55.3 (36.8-77.3)

16.0 (9.8-21.2)

50.0 (36.0-72.0)

35 (3.1-3.9)

66.9 (49.8-76.4)

36.0 (28.0-40.2)

Lumbar skin thickness

24.0 mm (n = 24)

73.1+£86

11 (45.8)

27.3(24.3-29.4)

110.0 (88.3-125.3)

91.0 (80.0-99.0)

4(16.7)

0(0-0)

0(0-2)

8(33.3)

11 (45.8)

354.0 (277.0-434.5)

43.5 (31.6-59.7)

143 (8.1-18.8)

55.0 (43.0-66.8)

9204

33 (2.7-4.0)

65.5 (50.6-75.2)

35.4 (26.5-39.3)

<4.0 mm (n = 75)

747£6.7

31(41.3)

22.7 (20.9-25.2)

99.0 (86.0-112.0)

82.0 (71.0-94.0)

21(28.0)

0(0-0)

0(0-0)

24 (32.0)

11(14.7)

428.0 (326.0-573.0)

50.0 (34.2-77.5)

16.8 (10.7-21.6)

49.0 (36.0-70.0)

9.1+04

3.4 (3.0-3.7)

66.9 (51.7-78.7)

34.8 (27.9-44.6)

image, and laboratory data between skin thickness of 24.0 mm and <4.0

BMD = bone mineral density; OPLL = ossification of the posterior longitudinal ligament; OALL = ossification of the anterior longitudinal ligament; DISH =
diffuse idiopathic skeletal hyperostosis; TRACP5b = tartrate-resistant acid phosphatase type 5b; PANP = procollagen | N-propeptide; 250HD = 25-

hydroxyvitamin D; PTH = parathyroid hormone; eGFR = estimated glomerular filtration rate

Regression analyses

The relationships between skin thickness, imaging findings, and laboratory test results are presented in
Table 3 and Table 4. In the univariate logistic regression analyses, cervical, thoracic, and lumbar skin

thicknesses were found to be associated with DISH, BMD total hip, OPLL index, and P; osteoporosis, BMD
total hip, OPLL index, and P; and OPLL, BMD total hip, and OPLL index, respectively. Upon adjusting for
age, sex, and BMI, cervical, thoracic, and lumbar skin thicknesses were found to be associated with DISH,
whereas no significant association was observed with BMD or osteoporosis; OPLL index but not P; and OPLL
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and OPLL index, respectively.

Dependent variable Independent variable Crude OR (95% CI) P-value Adjusted OR? (95% CI) P-value?
Osteoporosis, absent 1.00 (Reference) 1.00 (Reference)
Osteoporosis, present 0.27 (0.07 to 0.98) 0.047 0.46 (0.11 to 1.83) 0.268
DISH, absent 1.00 (Reference) 1.00 (Reference)

Cervical skin thickness 24.0 mm
DISH, present 4.58 (1.80 to 11.6) 0.001 4.44 (1.58 10 12.5) 0.005
OPLL, absent 1.00 (Reference) 1.00 (Reference)
OPLL, present 2.11(0.78 0 5.72) 0.141 1.44 (0.50 to 4.19) 0.501
Osteoporosis, absent 1.00 (Reference) 1.00 (Reference)
Osteoporosis, present 0.31(0.11 t0 0.92) 0.034 0.48 (0.15 to 1.57) 0.227
DISH, absent 1.00 (Reference) 1.00 (Reference)

Thoracic skin thickness 24.0 mm
DISH, present 1.69 (0.72 to 3.98) 0.232 1.48 (0.57 to 3.88) 0.418
OPLL, absent 1.00 (Reference) 1.00 (Reference)
OPLL, present 1.85(0.71 to 4.83) 0.207 1.24 (0.44 to 3.48) 0.683
Osteoporosis, absent 1.00 (Reference) 1.00 (Reference)
Osteoporosis, present 0.51(0.16 to 1.68) 0.272 0.65 (0.18 to 2.36) 0.513
DISH, absent 1.00 (Reference) 1.00 (Reference)

Lumbar skin thickness 24.0 mm
DISH, present 1.06 (0.40 to 2.82) 0.903 0.93(0.32t0 2.71) 0.898
OPLL, absent 1.00 (Reference) 1.00 (Reference)
OPLL, present 4.92 (1.76 to 13.74) 0.002 4.78 (1.58 to 14.41) 0.006

TABLE 3: Results of univariate and multivariate logistic regression analyses showing the
relationship between the skin thickness and images.

a: Adjusted for age (years, continuous), sex (0: male, 1: female), and body mass index (kg/m?2, continuous).

b: The Bonferroni method defined the significance level as 0.05/3 = 0.017.

OR = odds ratio; Cl = confidence interval; OPLL = ossification of the posterior longitudinal ligament; DISH = diffuse idiopathic skeletal hyperostosis

Dependent variable Independent variable Crude B (95% CI) P-value Adjusted B? (95% CI) P-value®
BMD lumbar spine, % 0.01 (0 t0 0.03) 0.046 0(-0.01100.01) 0.995
BMD total hip, % 0.03 (0.01 to 0.05) 0.004 0.01(-0.0110 0.03) 0.404
OALL index ~0.34 (-1.59 0 0.90) 0.583 - 0.43 (-1.59 10 0.73) 0.462
OPLL index 0.16 (0.03 to 0.29) 0.019 0.10 (-0.04 10 0.23) 0.154
TRACPSb, mU/dL 0(0t00) 0.252 0(0to0) 0.243
PINP, pglL 0(0t00) 0.195 0(0t00) 0.136

Cervical skin thickness, mm
250HD, ng/mL 0.02 (-0.02 to 0.06) 0.348 0(-0.03t0 0.05) 0.775
Intact PTH, pg/mL. ~0.01(-0.02t0 0) 0.074 ~0.01(-0.02to 0) 0.070
Ca, mg/dL. 0.30 (-0.39 to 1.00) 0.395 050 (-0.15 o 1.16) 0.132
P, mg/dL ~0.62 (-1.10to ~0.15) 0.010 ~0.35 (-0.83 0 0.14) 0.159
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€GFR, mL/minute/1.73m?
Periostin, ng/mL
BMD lumbar spine, %
BMD total hip, %
OALL index
OPLL index
TRACPSb, mU/dL.
PINP, pg/L
Thoracic skin thickness, mm
250HD, ng/mL
Intact PTH, pg/mL
Ca, mg/dL
P, mg/dL.
€GFR, mL/minute/1.73m?
Periostin, ng/mL.
BMD lumbar spine, %
BMD total hip, %
OALL index
OPLL index
TRACPSb, muU/dL
PINP, pg/L
Lumbar skin thickness, mm
250HD, ng/mL
Intact PTH, pg/mL
Ca, mg/dL.
P, mg/dL.
€GFR, mL/minute/1.73m?

Periostin, ng/mL

TABLE 4: Results of univariate and multivariate regression analyses showing the relationship
between the skin thickness and images and laboratories.

2: Adjusted for age (years, continuous), sex (0: male, 1: female), and body mass index (kg/mz, continuous).

0(-0.0210 0.01)

0(-0.02 10 0.04)

0.01 (0 t0 0.02)

0.02 (0 t0 0.04)

~0.47 (<151 10 0.58)

027 (01710 0.37)

0(0t00)

0(0t00)

~0.02 (-0.05 t0 0.02)

0(-0.01t0 0)

—~0.07 (-0.66 t0 0.52)

~0.77 (<115 10 -0.38)

0(0100.02)

0(-0.02100.02)

0.01 (0 to 0.02)

0.02 (0.01100.03)

~0.51 (13910 0.37)

0.23 (0.151t0 0.32)

0(0t00)

0(0t00)

~0.02 (-0.05 t0 0.01)

0(0100.01)

~0.02 (-0.52 t0 0.48)

~0.26 (-0.61 t0 0.09)

0(0t00.01)

~0.01 (-0.03 t0 0.001)

b: The Bonferroni method defined the significance level as 0.05/3 = 0.017.

B = regression coefficient; Cl = confidence interval; TRACP5b = tartrate-resistant acid phosphatase type 5b; P1NP = procollagen | N-propeptide; 250HD
= 25-hydroxyvitamin D; PTH = parathyroid hormone; eGFR = estimated glomerular filtration rate

0.710

0.633

0.121

0.006

0.377

<0.001

0.963

0.245

0.414

0.527

0.811

<0.001

0.365

0.992

0.085

0.001

0.251

<0.001

0.084

0.237

0.174

0.394

0.934

0.139

0.839

0.199

0(-0.01100.01)

0(-0.02 10 0.03)

0(-0.02 10 0.01)

0.01(-0.01 0 0.02)

—~0.65 (~1.59 0 0.30)

023 (0.14 10 0.33)

0(0t00)

0(0t00)

~0.03 (-0.06 o 0)

0(-0.01100)

0.1 (-0.43 0 0.66)

~0.52 (<091 t0-0.13)

0(0100.01)

0(-0.02 to 0.02)

0(0100.01)

0.02 (0 t0 0.03)

~0.49 (13610 0.38)

0.22 (0.131t0 0.31)

0(0t00)

0(0t00)

~0.03 (-0.06 o 0)

0(0100.01)

0.05 (-0.45 t0 0.55)

~0.14 (-0.51 10 0.22)

0(0t00.01)

~0.01 (-0.03t0 0.01)

0.741

0.707

0.464

0.505

0.178

<0.001

0.883

0.245

0.072

0.703

0.690

0.009

0.366

0.811

0.600

0.047

<0.001

0.110

0.259

0.056

0.402

0.847

0.432

0.626

0.177

Discussion

The main outcomes of this study were the skin-bone relationships: DISH with cervical skin thickness, OPLL
index with thoracic skin thickness, and OPLL index. The secondary outcomes included (1) no correlation
between skin thickness and BMD; (2) no correlation between bone-related markers such as TRACP5b, P1NP,
250HD, intact PTH, Ca, eGFR, P, and periostin; and (3) no significant difference in skin thickness over the

cervical, thoracic, and lumbar spine.

The skin and bone may share a common pathology because they share a common component, collagen [7].
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Collagen in the skin and bone is also affected by aging, hormones, and drugs, each with a common matrix
such as estrogen [17,18], growth hormone [19,20], and corticosteroids [21] which can have positive or
negative effects. Risk factors for osteoporosis, such as steroid use, menopause, and undernutrition (BMI <20

kg/mz) have been reported to decrease skin thickness [9]. Therefore, the pathological modification of
collagen can be inferred as a common predisposition to skin thinning and osteoporosis. In a systematic
review including 14 articles on the association between skin thickness and osteoporosis by Aurégan et al. [9],
seven of the eight studies that examined skin thickness and BMD showed significant correlations (R ranging
between 0.19 and 0.486). However, the correlation coefficients were low, which may have been due to the
low accuracy of BMD measurements before 1990 and the lack of uniformity in skin thickness measurement
sites, mainly because skin thinness and osteoporosis may both be multifactorial [9]. We adjusted for age, sex,
and BMI to exclude potential confounders.

Therefore, to exclude potential confounders, the study was adjusted for age, gender and BMI. To our
knowledge, our study is the first clinical study to find an association between skin thickness and
osteoproliferative disorders (OPLL, DISH). BMD reflects the density of the vertebral trabecular bone; bone
proliferative disorders (OPLL and DISH) reflect ligament ossification. Therefore, skin thickness may reflect
ligament ossification better compared with bone density. Pathological investigations have reported thicker
skin in patients with OPLL and proliferation of the extracellular matrix bound to type I collagen fibers in the
dermal layer [22]. Therefore, ligament ossification and bony spurs may correlate more strongly with skin
collagen proliferation.

OPLL and DISH have been reported to be associated with low-level chronic inflammation throughout the
body [23,24]. Moreover, metabolic syndrome, diabetes mellitus, and obesity, which are highly comorbid with
OPLL and DISH, also have been revealed to be associated with low-level chronic inflammation throughout
the body [25-28]. Skin inflammation may result in increased vascular permeability, edema, and swelling. Due
to the infiltration of inflammatory cells within the dermis and hyperplasia of the epidermis, skin thickness
may increase [29]. In bone, palmoplantar pustulosis, a type of systemic inflammatory skin disease, has been
characterized by an increase in inflammatory cytokines, which can induce not only arthritis but also
increased osteoproliferation. Common inflammatory pathways may underlie osteoproliferative disease
(OPLL and DISH) and increased skin thickness or inflammatory skin disease. Taken together, patients with
thicker skin were suspected to have more vertebral osteophytes, OPLL, and DISH. Therefore, skin thickness
may be a biomarker for spinal osteoproliferative disorders, such as OPLL and DISH.

Second, we focused on TRACP5b, PINP, 250HD, intact PTH, Ca, P, eGFR, and periostin as bone-related
markers and investigated their association with skin thickness. To our knowledge, this is the initial study to
investigate the relationship between skin thickness and bone-related markers. PINP is cleaved from type I
pro-collagen. As approximately 70% of type I collagen is present in bone tissue, PINP is used as an
osteogenic marker [30]. TRACPS5D is an enzyme produced by osteoclasts and used as a bone resorption
marker [30]. PINP and TRACPS5b are used to determine the bone metabolic turnover, with high and low
values indicating high and low turnover, respectively. As bone-related markers such as PINP, TRACP5b,
250HD, intact PTH, Ca, P, and eGFR affect or reflect bone formation and resorption, they are considered
direct and indirect indicators of bone turnover. As there was no correlation between bone-related markers
without P and skin thickness, bone turnover may not be correlated with skin thickness.

Periostin is predominantly expressed in connective tissues that experience mechanical loading, such as the
skin, bone, periodontal ligament, and heart valves. During pathogenesis, periostin plays a variety of roles,
including skin wound healing, osteogenesis, angiogenesis, tissue remodeling, fibrosis, inflammation, and
cancer formation [15]. As fibroblasts, which produce collagen in the skin, secrete periostin, we hypothesized
that there might be a correlation between serum periostin and skin thickness. No correlation was found
between these two variables. Because periostin is ubiquitously expressed for many causes, its association
with skin thickness may be difficult to detect.

This study has several limitations. First, there are racial differences in skin thickness, with the skin of Asian
people tending to be thicker than that of Caucasians [31]. As this study included an all-Japanese population,
the results may not apply to other races. Second, although we adjusted for key confounders, the results may
still be biased owing to the paucity of cases and retrospective nature of this study. Third, the measurement
site was the dorsal to the spine. In general, the skin on the trunk tends to be thicker than that on the
extremities [32], suggesting that the dorsal spine may be more likely, compared with the extremities, to show
significant differences in skin thickness studies. However, unlike the spine, data of the extremities could
easily be used to measure skin thickness by ultrasound examination of the extremities without removing
clothing or considering embarrassment. Data of the extremities would be warranted for further investigation.

Conclusions

The impact of OPLL and DISH on quality of life and socioeconomic factors would increase as the number of
patients with OPLL and DISH increases with the aging of society.

Dorsal skin thickness measurements over the cervical, thoracic, and lumbar spines may be used to screen for
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abnormal bone metabolism, including osteoproliferative disorders such as OPLL and DISH. Further
prospective, large, cohort studies are required to confirm skin thickness as a diagnostic biomarker for
proliferative bone diseases. A thorough elucidation of the relationship between skin and bone may lead to a
deeper insight into the pathophysiology of the disease.

The study of bone-skin interactions is a new frontier and may meet the unmet clinical needs for an ever-
increasing number of people with bone metabolic diseases.
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