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Health assessment of patients with achondroplasia, pseudoachondroplasia,
and rickets based on 3D non-linear diagnostics
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SUMMARY The goal of this study was to analyze diminishment of the functional status of the skeleton, parts of
organs, regions of the brain, connective tissues, and chondrocytes in patients with achondroplasia
(ACH), pseudoachondroplasia (PSACH), and rickets. Three-dimensional non-linear scanning
(3D-NLS) was used to analyze the functional status of patients with genetic bone disorders,
including 7 patients with ACH, 3 patients with PSACH, and 3 patients with rickets. Results
indicated that the percentage of patients with long bones in the decompensatory phase did not
differ depending on whether they had ACH, PSACH, or rickets. Joints in the decompensatory
phase did not differ in patients with ACH except for the right hip (16.67%). Various joints were in
the decompensatory phase (16.7-33.3%) in patients with rickets. The thoracic vertebrae, lumbar
vertebrae, and liver were in the decompensatory phase in all 3 groups of patients. Connective
tissues were in the decompensatory phase in 33.33% of patients with ACH. None of the patients
with PSACH had chondrocytes in the decompensatory phase but 66.67% of patients with ACH or
rickets did. Regions of the brain in the decompensatory phase were most prevalent in patients with
rickets or ACH but not in patients with PSACH. In conclusion, diagnosis based on 3D-NLS was
able to identify the functional status of genetic bone disorders. Some areas of decompensation were
common to the 3 diseases studied but other areas were specific to a given disease.
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1. Introduction

Since three-dimensional non-linear scanning (3D-NLS)
was first used in diagnostics in the late 90s, it has
made significant progress thanks to the introduction
of new technologies and new facilities (/). A clinical
examination with 3D-NLS and the resulting diagnosis
are based on a three-dimensional reconstruction
combined with spectral-entropy analysis (SEA) of
the scanned site. This technique is more visual and
accurate than conventional methods in many cases,
such as diagnosis of degenerative-dystrophic damage
to intervertebral discs (2), damage to the ankle (3), and
screening for potential vascular pathologies (4).
Achondroplasia (ACH, MM:100800), also known
as chondrodysplasia fetalis or chondrodystrophic

dwarfism, is an autosomal-dominant genetic disorder.
Its incidence is between one in 77,000 and one in
15,000 (5). Its clinical features include an enlarged
head, frontal bossing, short limbs, and trident hands.
All of these features can be found at birth. Other
features, such as limited elbow extension, tibial
bowing, and thoracolumbar kyphosis, may also be
present (6,7).

Pseudoachondroplasia (PSACH, MIM 177170)
is another autosomal-dominant genetic disorder. It is
clinically characterized by a normal head and face,
lordotic lumbar spine, and epiphysis and metaphysis
where epiphyseal development is delayed and
metaphyses widen (8). It might be accompanied by
symptoms of tibial bowing and early osteoarthritis due
to a non-concentric load (hips and knees) (9,10).
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Rickets is a group of heterozygous diseases caused
either by a vitamin D deficiency (//) or dominant
(12) or recessive genetic disorders (/3,14). Its clinical
features include delayed fontanelle closure, beading of
the ribs and a pigeon chest, scoliosis, lumbar lordosis,
bowed legs, muscle weakness, and metaphyseal
changes that result in thickening of the wrists and
ankles and even deformity of the hips (75).

The aim of this study was to use 3D-NLS to
evaluate the functional status of the skeleton, parts of
organs, regions of the brain, connective tissues, and
chondrocytes in patients with ACH, PSACH, and
rickets and to analyze the biochemical equilibrium
between damage to organs, tissues, and cells and
pathological changes.

2. Materials and Methods
2.1. Patients

This study was conducted in accordance with the
Helsinki Declaration and was approved by the Ethics
Committee of the Shandong Medicinal Biotechnology
Centre (No. 2016-04). Informed consent was provided
by all patients or their guardians. This study included
7 patients with ACH (five were 2-6 years of age, one
was 23 years of age), 3 patients with PSACH (two
were 3 years of age and one was 10 years of age),
and 3 patients with rickets (3, 4, and 28 years of age,
respectively). All patients were diagnosed clinically.

2.2. Health assessment

The functional status of target areas, including the
skeleton (long bones and joints), regions of the brain
(frontal lobes, parietal lobes, temporal lobes, and
occipital lobes), parts of organs (heart, liver, kidneys,
and lungs), connective tissues, and chondrocytes, was
evaluated in patients diagnosed with ACH, PSACH
and rickets using the "Metatron"-4025 system (IPP,
Russia) equipped with high-frequency digital trigger
sensors (4.9 GHz). The health assessment was graded
according to the following functional statuses: good
health, standard health, self-repair, start of decline, and
excessive damage or a critical state. Whether patients
with ACH, PSACH, and rickets were in a compensatory
phase (good health, standard health, or self-repair) or
a decompensatory phase (start of decline or excessive
damage or a critical state) of their disease was analyzed
and compared.

3. Results
3.1. Functional status of the skeleton

Figure 1 shows that the percentage of patients with
long bones in the decompensatory phase did not differ

among the 3 groups of patients. The functional status
of joints (Figures 2 and 3) in the decompensatory phase
did not differ for patients with ACH (66.67%) except
for the right wrist or for patients with PSACH. The
percentage of patients with joints in the decompensatory
phase differed in patients with rickets: the shoulder was
in the decompensatory phase in 33.33%, the right wrist
was in the decompensatory phase in 33.33%, the right
hip was in the decompensatory phase in 16.67%, and
the ankle was in the decompensatory phase in 33.33%.

Figure 3 shows that the percentage of patients with
cervical vertebrae in the decompensatory phase did not
differ depending on whether they had ACH or PSACH,
but it did differ (66.67%) in patients with rickets. The
thoracic vertebrae were in the decompensatory phase in
16.67% of patients with ACH, 100% of patients with
PSACH, and 33.33% of patients with rickets.

The lumbar vertebrae were in the decompensatory
phase in 83.33% of patients with ACH, 50.00% of
patients with PSACH, and 66.67% of patients with
rickets. The sternum was in the decompensatory phase
in 50.00% of patients with ACH or PSACH but did not
differ in patients with rickets.

3.2. Functional status of parts of organs

The left lobe of the liver was in the decompensatory
phase in 50.00% of patients with ACH, 100.00% of
patients with PSACH, and 33.33% of patients with
rickets while the right lobe of the liver was in the
decompensatory phase in 66.67% of patients with
ACH, 50.00% of patients with PSACH, and 33.33% of
patients with rickets (Figures 4 and 5).

The percentage of patients with the heart or left
kidney in the decompensatory phase did not differ
among the 3 groups of patients, but the right kidney
was in the decompensatory phase in 16.67% of
patients with ACH, 0% of patients with PSACH, and
33.33% of patients with rickets. The lungs were in the
decompensatory phase in 16.70% of patients with ACH
but did not differ in patients with PSACH or rickets.
The left hilum was in the decompensatory phase in
83.33% of patients with ACH, 50.00% of patients with
PSACH, and 66.67% of patients with rickets, while the
right hilum was in the decompensatory phase in 50.00%
of patients with ACH, 100% of patients with PSACH,
and 100% of patients with rickets.

3.3. Functional status of tissues and cells

The functional status of connective tissues and
chondrocytes is shown in Figure 5. Connective tissues
were in the decompensatory phase in 33.33% of
patients with ACH. The percentage of patients with
chondrocytes in the decompensatory phase did not
differ in patients with PSACH but it did differ (66.67%)
in patients with ACH or rickets.
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Figure 1. Functional status of long bones
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Figure 2. Functional status of joints

ACH I
PSACH I
Rickets mEm

ACH .
PSACH s
Rickets M

ACH B
PSACH W
Rickets M

ACH Imm
PSACH N

thoracic lumbar
vertebrae vertebrae

cervical
vertebrae

[ good standard health [l self-repair

Figure 3. Functional status of parts of the spine and joints

100%
80%
60%
40%
20%

0%

ACH I
ACH I Iam
PSACH I
Rickets Y
AcH I
PSACH I
Rickets NEG_—_—_—
ACH
PSACH I
Rickets N
ACH Y
ACH Y
PSACH IS

3,
&
=8
g
S
@

PSACH I
Rickets I
PSACH N
Rickets NN
Rickets NN

left lobe of left kidney  right kidney left lung

liver

right lobe of
liver

M good standard health [l self-repair start of decline [l excessive damage or a critical state

Figure 4. Functional status of parts of organs
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Figure 5. Functional status of parts of organs, connective tissue,
and cartilage
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3.4. Functional status of the brain

The functional status of regions of the brain is shown
in Figure 6. The left frontal lobe and right parietal lobe
were in the decompensatory phase in 33.33% of patients
with rickets. The right frontal lobe, right temporal lobe,
and medulla oblongata were in the decompensatory
phase in 16.67% of patients with ACH. The left temporal
lobe and left occipital lobe were in the decompensatory
phase in 50.00% of patients with ACH, 0% of patients
with PSACH, and 33.33% of patients with rickets.

The percentage of patients with the left frontal lobe
and right occipital lobe in the decompensatory phase did
not differ among the 3 groups of patients.

4. Discussion

Three-D NLS is able to depict pathological areas
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Figure 6. Functional status of cerebral regions

through reconstruction of three-dimensional high-
resolution images of scanned sites. It offers accurate
positioning and real-time information, and its sensitivity
is comparable to that of computed tomography (CT) (4).
In addition, it is cheap, simple, and non-invasive.

When diagnosing cholangiocarcinoma in
patients with intrahepatic cholangiectasis, 3D-NLS
compensates for the indistinct location according to
conventional non-invasive methods such as ultrasound
scanning, magnetic resonance imaging (MRI), and
CT and it avoids injury to the human body by an
invasive examination, such as endoscopic retrograde
cholangiopancreatography (/6).

The current study graded and quantitatively
analyzed the functional status of the skeleton, regions
of the brain, parts of organs, connective tissues, and
chondrocytes. The percentage of patients with long
bones in the decompensatory phase did not differ
depending on whether they had ACH, PSACH, or
rickets. The percentage of patients with the shoulder,
right wrist, or ankle in the decompensatory phase
differed in patients with rickets. The results agreed
with clinical features such as swelling of joints like
the wrists and ankles (/7). The right hip was in the
decompensatory phase only in patients with ACH, which
might be related with the square-shaped ileum, small
sacroiliac notches, or other clinical features of ACH
(/7). A markedly higher percentage of patients with
ACH had thoracic vertebrae and lumbar vertebrae in the
decompensatory phase compared to the other 2 groups.
This was consistent with the thoracolumbar kyphosis
characteristic of ACH (/8,79). Decompensation in the
thoracic spine of patients with PSACH was correlated
with abnormal spine development (20). A relatively
high percentage of patients with ACH had connective
tissues and chondrocytes in the decompensatory phase;
this is presumably related to the clinical manifestations
of muscle hypotonia and soft tissue laxity, which
might be responsible for thoracolumbar kyphosis. The
liver was in the decompensatory phase in over 1/3 of
patients with ACH, PSACH, or rickets. The hilum of
the lungs was in the decompensatory phase in over
half of the patients with ACH, PSACH, or rickets. The
long bones were normal while the thoracic and lumbar
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vertebrae were affected in all the groups of patients.
Abnormalities of the wrists and ankles in patients with
rickets differed from those in patients with ACH or
PSACH. The hips of patients with ACH differed from
those in patients with the other two diseases.

In conclusion, all 3 of the diseases studied involved
skeletal dysplasia with similar clinical features. As
described here, 3D-NLS offers a new avenue to
accurate differential diagnosis. A limitation of this
study was the small sample of patients with PSACH
or rickets. Therefore, these 3 diseases need to be
studied further. In summary, 3D-NLS is potentially an
alternative method with which to diagnose genetic bone
disorders.
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