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ABSTRACT

BACKGROUND: Bruck syndrome is a rare disorder that features osteogenesis imperfecta, combined with severe congenital
joint contractures often with pterygia, short stature, severe limb deformities, and progressive scoliosis. Its two forms, Bruck
syndrome types 1 and 2, have similar clinical manifestations without osomal recessive inheritance and are caused by patho-
genic variants of the nucleotide sequences in the FKBP10 and PLOD2 genes, respectively.

CLINICAL CASES: The article demonstrates phenotypic and radiographic features as well as laboratory values of siblings
with Bruck syndrome type 2 (a 10-year-old boy and a 13-year-old girl) born to healthy parents in a consanguineous mar-
riage. The boy had congenital flexion contractures of the knee and elbow joints, few fractures, and severe kyphoscoliosis.
The girl had no congenital joint contractures but had kyphoscoliosis, more severe osteoporosis, and a history of having more
fractures than her younger brother.

DISCUSSION: The cases demonstrated the significant phenotypic intrafamilial variability of Bruck syndrome type 2, caused by
a newly identified homozygous variant ¢.1885A>G (p.Thr629Ala) in PLODZ2, which consists of varying degrees of osteoporaosis,
and the presence and severity of contractures.

CONCLUSIONS: The description of the given clinical observation was made to draw attention to a rare pathology and expand
doctors’ knowledge about the variability of clinical manifestations of Bruck syndrome. Genetic diagnostics is necessary for
the timely diagnosis of Bruck syndrome, determining the prognosis and developing patient management techniques.

Keywords: Bruck syndrome; osteogenesis imperfecta; arthrogryposis; collagen; contractures; osteoporosis; fractures;
kyphoscoliosis; FKBP10 gene; PLODZ gene.
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KnuHnueckmia cnyyan

deHoTUNMYecKas BapuabenbHoOCTb
y AeTeu ¢ cuHapoMoM bpyka 2-ro Tuna:
KNUHUYECKUe HabniopeHus
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AHHOTALMA

06ocHoeaHue. CuHapom bpyka npenctaBnseT coboi peaKkoe 3aboneBaHme, NpU KOTOPOM CUMMTOMbI HECOBEPLLEHHOIO 0CTe0-
reHe3a COYETAloTCS C TSIKENbIMU BPOXAEHHBIMU KOHTPAKTYPaMM CYCTaBOB, KOXHBIMW MTEPUrMYMaMM, HU3KUM POCTOM, TSXeE-
NbIMM Ae(OpMaLMAMM KOHEYHOCTEN W NPOrpecCUpyIoLLMM CKonno3oM. [lge ero dopMel, cuHapoM bpyka 1-ro u 2-ro Tmnos,
CXOXM N0 KIIMHUYECKUM NPOSIBNIEHNAM, HACNEAYHTCS ayTOCOMHO-PELLECCUBHO M 06YC/I0BEHBI MATOreHHbIMU BapUaHTaMu Hy-
KJ1eoTUAHOW nocnefoBarteibHoCTH B reHax FKBP10 n PLODZ cooTBETCTBEHHO.

Knunuyeckue HabnwodeHus. B ctaTbe [eMOHCTpUpYOTCA (EHOTMNUYECKUE M PeHTreHorpadmueckue MpU3HaKKM, a TaKke
nabopatopHble NoKa3aTenu pofHbIX bpata u cectpbl ¢ cuHapoMoM bpyka 2-ro Tuna: Manbumka 10 net u pesouku 13 ner,
POXKAEHHBIX OT 3[0POBbIX poauTENei B BAM3KOPOACTBEHHOM bpake. Y Manbunka Habmopanuch BpOXaeHHbIe crubaTenbHble
KOHTPaKTYpbl KOJIEHHBIX W JIOKTEBbIX CYCTaBOB, HEOOMbLLOE KONMMYECTBO NepesioMoB, B TEUEHWE XM3HU CHOPMUPOBANICA TAKE-
bI KNOCKONMo3. Y AeBOYKU BPOXKAEHHBIX KOHTPAKTYp CYCTaBOB He Oblio, 0TMeYanuch KUGoCKonmos, bosee BbipaXeHHbIN
0CTeornopo3 v bonbluee KOMYECTBO NEPENOMOB B aHaMHE3e M0 CPaBHEHUIO C MNaALIMM bpaToMm.

06cyxcdenue. MNpenctaBneHHble HaMW CiyYau MOKA3bIBAKT 3HAUYUTENBHY GEHOTUNUYECKYKD BHYTPUCEMENHYI0 Bapuabesb-
HOCTb cMHApoMa bpyka 2-ro Tvna, 06ycnoBNEHHOTO BHOBb BbISIB/IEHHBIM FOMO3MIOTHLIM BapuaHToM c.1885A>G (p.Thr629Ala)
B reHe PLOD2, — pasnnyHyto CTeneHb 0CTEOMNOPO3a, a TaKIKe HaNMuKe U BbIPAXKEHHOCTb KOHTPAKTYP.

3aknoyenue. KnnHnyeckue HabniofeHNs paccMOTpeHbI C LEMbIo MPUBMEYeHNs BHUMaHUS K PefiKOi NaTonorv 1 pacLumMpeHus
3HaHuii Bpayei 06 N3MEHUMBOCTU KIIMHUYECKMX MPOSBNEHUA cMHApoMa bpyka. [1ng cBoeBpeMEHHOI AMarHOCTUKU CUHApPOMa
Bpyka 1 onpepeneHus nporHo3a passuTis 3aboneBaHKs, a TakKe BbIpaboTKM 060CHOBaHHOW TaKTUKU NeYeHMs NaLMeHTa He-
06x0a1Mo NPOBELEHNE MONEKYNAPHO-TEHETUMECKOIO UCCNeL0BaHMS.

KnioueBble cnoBa: cuHapom bpyka; HecoBepLLEHHBIN OCTEOreHe3; apTPOrpuUno3; KoslareH; KOHTPaKTypbl; 0CTEONOpO3; Nepe-
NoMbl; Kudockonuos; reH FKBP10; ren PLODZ.
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CLINICAL CASES

BACKGROUND

Bruck syndrome is a rare disease that presents with
combined symptoms of osteogenesis imperfecta and severe
congenital joint contractures similar to those in arthrogrypo-
sis [1-3]. Osteogenesis imperfecta is a genetically heteroge-
neous disease caused by impaired type | collagen synthesis.
It is characterized by frequent fractures, blue sclera, and in
some cases, hearing loss [2]. Patients with Bruck syndrome
present with severe bilateral joint contractures, cutaneous
pterygiums, short stature, severe limb deformities, progres-
sive scoliosis, and brittle bones.

Bruck syndrome is a combination of two rare autosomal
recessive diseases that have similar clinical presentations
but are caused by pathogenic nucleotide sequence variants
in two different genes. Bruck syndrome type 1 is caused by
biallelic variants in the FKBP10 gene (OMIM#607063), which
is responsible for the synthesis of FK506-binding protein 10.
This protein interacts with lysyl hydroxylase-2 (LH2) and
regulates its activity. Bruck syndrome type 2 is associated
with biallelic variants in the PLOD2 gene (OMIM#601865),
which is crucial in LH2 synthesis. Insufficient lysine
hydroxylation in the telopeptide of collagen occurs because
of bone-specific telopeptide lysylhydroxylase-2 deficiency,
leading to a decrease in hydroxylysylpyridinoline cross-links
and improper cross-linking of bone collagen [4-6].

Phenotypic differences between Bruck syndrome types 1
and 2 have not been previously described [7, 8]. Here, we
present clinical cases of Bruck syndrome type 2 in siblings
(a brother and sister) with significant differences in clinical
manifestations.

CLINICAL OBSERVATIONS

The children’s father and maternal grandfather are
cousins. Of the three children in the family, the eldest is
healthy, whereas the two younger ones, a boy and a girl,
have been diagnosed with Bruck syndrome type 2. Currently,
the mother is pregnant with the fourth child. The parents
of the children are healthy. The diagnosis was confirmed
by sequencing a targeting panel of 166 genes responsible
for hereditary skeletal pathology development. Analysis
was conducted using the lon Torrent S5 sequencer with
an average coverage of at least 80 and target regions with
at least 20 >90%—-94% coverage. The standard automated
algorithm offered by lon Torrent was used for primary
sequencing data processing. Genomic DNA was isolated
from whole blood using the DNAEasy kit (QiaGen, Germany)
following the manufacturer's standard protocol. DNA and
DNA library concentrations were measured on a Qubit2.0
instrument using reagents (Qubit BR, Qubit HS) following
the manufacturer’s standard protocol. For sample preparation,
a technique based on the multiplex polymerase chain reaction
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of targeted DNA sections was used. Population frequencies
of the detected variants were estimated using samples
from the 1000 Genomes project, ESP6500, and The Genome
Aggregation Database v2.1.1. The clinical relevance of
the detected variants was determined using the OMIM
database and HGMD® Professional Pathogenic Variants
Database, version 2022.1. Pathogenicity and the cause of
genetic variants were analyzed according to international
recommendations for interpreting data obtained using
mass parallel sequencing methods [9]. Variants identified in
the older child were confirmed by direct automatic Sanger
sequencing using an ABIPrism 3100 instrument (Applied
Biosystems) according to the manufacturer’s protocol.
Genotyping of his parents and younger sister was performed
using the same method. The primer sequences were selected
based on the reference sequence of PLODZ target sites
(NM_182943.3).

In one of the siblings (boy), a previously described
pathogenic variant was found in the homozygous state.
The variant affects the nucleotide sequence in exon 18 of
the PLODZ gene (OMIM#601865) and results in the substitution
of threonine amino acid for alanine (p. Thré29Ala). In
the other sibling (girl), the same variant in the PLODZ gene in
the homozygous state as in her brother was found through
Sanger direct automatic sequencing. Both their parents were
heterozygous carriers of the detected variant in the PLODZ
gene. Prenatal diagnosis of the fetus allowed for the detection
of the same variant in the heterozygous state, which was
the cause of the postterm pregnancy.

Clinical case 1

Patient H, delivered independently during the second
term of her mother’s second pregnancy, had a birth weight
of 3900 g and a height of 52 cm. No orthopedic patho-
logy was detected. Since birth, patient H has been under
the supervision of a neurologist because of birth trauma
to the central nervous system. At age 1, patient H stopped
standing and making attempts to walk. At age 3, the patient
experienced a left femur fracture for the first time. Com-
pression fractures of the Thy,—L, vertebrae were detected
when she was 4 years old. She suffered three fractures of
the right and left femur between the ages of six and eight.
At age 6, examination showed a decrease in skeletal bone
mineral density. Bisphosphonates were administered twice
a year to treat osteoporosis, which helped reduce fractures.
At age 8, corrective osteotomy of the right and left femur
was performed for the first time, with fixation using a tele-
scopic rod (Fig. 1). Standard consolidation periods followed
osteotomy.

Currently, patient H is a 13-year-old girl with a hypersthenic
body build and a height of 125 cm. She uses crutches to walk
indoors. Her head is positioned along the midline, and her
neck is short. Mandibular asymmetry with displacement
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Fig. 1. Patient H, eight years old, Bruck syndrome, type 2: a, general view of the patient (does not walk); b, spine radiographs in antero-
posterior and lateral projections: 10° frontal deviation of the spinal axis, wedge-shaped vertebrae; ¢, panoramic radiograph of the lower
extremities in anteroposterior projection, varus-antecurvation deformity of the femurs; d, radiograph of the femurs in anteroposterior

projection, intramedullary fixation with a telescopic rod

Fig. 2. Patient H, 13 years old, Bruck syndrome, type 2: a, general
view of the patient; b, anteroposterior and lateral radiographs of the
spine: 40° right scoliotic deformity, 33° kyphosis, platyspondylia,
and sacrococcygeal changes

to the right is noted. The spinal axis is curved in both
the frontal and sagittal planes, resulting in kyphoscoliosis
in the thoracolumbar region and hyperlordosis in the lumbar
region. No limitations are observed in the movements of
the shoulder, elbow, and wrist joints, and the hands are in
a neutral position. Additionally, a valgus deformity is present
in the right lower extremity. There is flexion in the hip
joints up to 90°, with minimal rotational movements that
are moderately painful. There is a 20° extension deficit in

Table 1. Dynamics of densitometry parameters of patient H

the knee joints, and flexion is possible up to 80° on both
sides. The feet are in a neutral position.

The anteroposterior and lateral projections of the pan-
oramic radiograph of the spine revealed a kyphotic de-
formity of 33° (Th,-L,) and a scoliotic deformity of 40°
(Thy—Ly,), with the sacrum horizontal and coccyx at
a 90° angle (Fig. 2). Magnetic resonance imaging of
the craniovertebral region indicated an Arnold-Chiari anom-
aly of the first degree. Table 1 presents the densitometry
parameters’ dynamics between the ages of 6 and 13 years.
After a long period of gradual increase, a repeated de-
crease in skeletal bone mineral density due to a long
treatment break (9.5-11 years) was observed. Blood analy-
sis showed high C-terminal telopeptide (2.63 ng/mL; nor-
mal range: 1.63—1.94 ng/mL) at the beginning of treatment.
Currently, the level has normalized (1.68 ng/mL). Through-
out the observation period, persistent and pronounced vi-
tamin D deficiency (last value: 7.3 ng/mL; normal range:
30-80 ng/mL) was detected. The additional parameters of
bone tissue metabolism, including calcium, phosphorus,
alkaline phosphatase, osteocalcin, N-terminal propeptide,
and parathormone, were within normal limits.

Skeleton L-Ly
Age, years

BMD, g/cm? Z-criterion % BMD, g/cm? Z-criterion %

6 0.484 -3.2 74 0.381 -3.6 59
6.5 0.502 -2.8 76 0.394 -3.4 60
7 0.519 -2.6 78 0.463 -2.5 70
75 0.577 -17 84 0.537 -1.6 80
8 0.594 -1.6 85 0.590 -1.1 87
9 0.635 -1.2 88 0.639 -0.7 9
95 0.641 -4 86 0.619 -12 84
11 0.661 -17 83 0.616 -19 75
12 0.686 -19 81 0.588 -2.8 65
125 0.714 -18 82 0.777 -15 81
13 0.695 -2.2 79 0.797 -4 83

Note: BMD, bone mineral density.
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Fig. 3. Patient |, 4 years old, Bruck syndrome, type 2: a, general view of the patient; b, spine radiographs in anteroposterior and lateral
projections: 45° kyphosis, decreased height, and wedge-shaped vertebrae; ¢, panoramic radiographs of the lower extremities in antero-
posterior and lateral projections: varus-antecurvation deformity of the femur bones

Clinical case 2

Patient |, delivered independently during the third term of
his mother’s third pregnancy, had a birth weight of 2700 g and
a height of 51 cm. At birth, patient | had flexion contractures
of the elbow and knee joints at a 90° angle, ulnar and
hamstring skin pterygium, equino-valgus deformities of
the feet, skin pulling in the knee joint area, protruding
frontal tubercles, and plagiocephaly. At age 1, he underwent
stage plastering of the feet, achillotomy, and orthotization.
At age 2, the patient underwent posterior medial release on
both the right and left feet. Simultaneously, stage plastering
was performed to eliminate flexion contractures of the elbow
joints. Before treatment, the extensor deficit was 60° on both
sides. Following treatment, it decreased to 30°. At age 3, to
eliminate flexion contractures of the knee joints, lengthening
of the tibial flexors on both sides was performed, followed
by correction with plaster casts. The knee joint extensibility
deficit before surgery was 70°; however, it completely
improved after treatment. The child experienced recurrent
flexion contractures in the elbow and knee joints during
growth, which required repeated correction with staged
plastering and subsequent orthotization. After the elimination
of knee joint contractures, the boy was able to walk with
assistance within the house. However, he lost this ability
after relapse. At age 3, he experienced a fracture in the upper
third of his left femur for the first time. Examination revealed
a decrease in bone mineral density (Fig. 3). Bisphosphonates

were administered parenterally twice a year from age four to
the present to treat osteoporosis, resulting in a decrease in
fractures. At age 5, corrective osteotomy of the right and left
femur at two levels was performed to correct femoral bone
deformity, followed by fixation with a telescopic rod. Standard
consolidation periods were observed.

The boy is currently 10 years old and can sit independently
but cannot walk. He has a height of 116 cm and a brachyce-
phalic head. His face is symmetrical with protruding frontal
tubercles, and his neck is short. The spinal axis is curved in
the sagittal plane. Specifically, the cervical region is straight;
local kyphosis in the thoracolumbar transition area and
hyperlordosis in the lumbar region are noted. Additionally,
a left-sided scoliotic deformity is determined in the thoraco-
lumbar region. The length of the upper limbs is equal, and
there are no limitations in the movements of the shoulder
joints. There is a 40° flexion deficit in the right elbow joint
and a 50° flexion deficit in the left elbow joint. Hand func-
tion is not impaired. The left lower limb is relatively short by
2.5 cm. Flexion contractures of the hip joints with a deficit
of extension of 40° and flexion up to 60° on both sides were
noted, as well as flexion contractures of the knee joints with
a deficit of extension of 50° and flexion up to 80° on both
sides. Additionally, an equinovalgus deformity of both feet
was observed.

Radiographs of the spine in frontal and lateral projections
revealed local pathologic kyphosis in the thoracic region

Fig. 4. Patient |, 10 years old, Bruck syndrome type 2: @, general view of the patient; b, anteroposterior and lateral projection radiographs
of the spine: local pathologic kyphosis in the thoracic region, 45° with decreased height and wedge-shaped vertebral bodies, hyperlordosis
in the lumbar region, and 26° left-sided scoliotic arch in the thoracolumbar region; ¢, panoramic radiograph of the lower extremities in the
anteroposterior projection: intramedullary fixation of the femurs with telescopic rods
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Skeleton L-Ly
Age, years

BMD, g/cm? Z-criterion % BMD, g/cm? Z-criterion %

0.47 0.229
0.490 -3.0 79 0.294 -5.1 47
5.5 0.517 -2.5 81 0.390 -3.6 61
6 0.531 -2.3 84 0.441 -2.5 69
6.5 0.548 -2.2 84 0.455 -2.5 70
0.61 -1.5 88 0.519 -1.9 76
0.609 -2.0 84 0.435 -3.0 61
95 0.668 -1.3 89 0.643 -0.9 87
10 0.647 =17 85 0.684 -0.6 92

Note: BMD, bone mineral density.

of 45°, platyspondylia, wedge-shaped vertebral bodies,
hyperlordosis in the lumbar region, and a left-sided scoliotic
arch in the thoracolumbar region of 26° (Fig. 4). Table 2
presents the densitometry data. The observation period
revealed pronounced vitamin D deficiency (level: 12 ng/mL;
normal range: 30-80 ng/mL). Additionally, increased levels
of C-terminal telopeptide (up to 2.6 ng/mL; normal:
1.63-1.94 ng/mL) and N-terminal propeptide (1037 ng/mL at
the beginning of treatment; 649 ng/mL at present; normal:
388-571.6 ng/mL) persisted. However, all other indices of
bone tissue metabolism, including calcium, phosphorus,
alkaline phosphatase, osteocalcin, and parathormone, were
within normal limits.

DISCUSSION

Since its description in 1897, multiple congenital joint
contractures have been the main differential criterion used
to distinguish Bruck syndrome from osteogenesis imperfecta
(2, 101.

At 3 years old, the patient presented with symptoms
resembling osteogenesis imperfecta, including osteoporosis,
frequent fractures, and progressive scoliosis, but without
contractures of major joints or cutaneous pterygiums.
Atypical clinical presentation hindered accurate diagnosis by
physicians at that time. The patient’s younger brother had
been treated for arthrogryposis since birth. Bruck syndrome
was suspected only after the first fracture occurred.
The presence of characteristic signs of the disease in the boy,
such as congenital contractures and frequent fractures,
indicated Bruck syndrome in his sister as soon as both
children came to our attention. Molecular genetic analysis
confirmed the diagnosis of Bruck syndrome type 2 with
autosomal recessive type of inheritance, as a new variant
c.1885A>G (p. Thr629Ala) in the PLODZ2 gene was found in
the patients in homozygous state and in their healthy parents
in heterozygous state.

Therefore, distinguishing between Bruck syndrome and
osteogenesis imperfecta without genotyping is challenging
when minimal joint contractures are present. To ensure
an accurate diagnosis and assess the prognosis for each
patient and their offspring, a genetic testing protocol for
patients with osteoporosis should be included in diagnosing
Bruck syndrome [1, 3, 11, 12].

The presented cases demonstrate the phenotypic intra-
familial variability of Bruck syndrome type 2, which includes
varying degrees of osteoporosis and the presence and se-
verity of contractures. Table 3 summarizes the phenotypic
differences between siblings.

Bruck syndrome is a rare condition; hence, studies
on the treatment principles for this disease are lacking.
Currently, treatment is similar to that for osteogenesis
imperfecta [2]. Treatment involves parenteral administration
of bisphosphonates and surgical correction of limb bone
deformities with intramedullary fixation. Both diseases
have been effectively treated; however, Bruck syndrome
has a poorer prognosis because of joint contractures [6].
Patients who experience frequent fractures may have limited
mobility, and multiple joint contractures can further reduce
their functional activity. Despite surgical correction of limb
deformities, patient | is still unable to walk because of
recurrence of flexion contractures of large joints. In contrast,
patient H, who had worse densitometry and a history of more
fractures, is able to move independently.

CONCLUSIONS

The clinical observation of patients with Bruck syn-
drome type 2, a rare disease, emphasizes the uniqueness
of such conditions on orphan pathology. In the patients
we described with a newly identified variant in the PLODZ
gene, the disease had different phenotypic manifesta-
tions, which may complicate timely diagnosis and treat-
ment. Molecular genetic studies are useful in cases of
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Table 3. Phenotypic differences between siblings with Bruck syndrome type 2
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Patient | (brother)

Patient H (sister)

Signs - Age of onset/ - Age of onset/
Description dgvelopment Description dgvelopment
Contractures Flexion contractures of Temporary improvement Upper and lower limbs -
the elbow and knee joints,  at birth/after surgical and without contractures
equinus contracture of the ~ conservative treatment,
ankle joints on both sides followed by relapse
Spinal Local pathologic 45° By age nine/corset Local 33° kyphosis By age 13/
deformity kyphosis in the thoracic (Thy-Ly), 40° scoliosis conservative
spine, platyspondylia (Thy=Thy,), platyspondylia, ~treatment (physical
sacral spinal anomaly, therapy, massage)
Arnold-Chiari anomaly
Fractures Three fractures of the By age three and five Six fractures: right and By age three, four,

right and left femurs,
compression fractures of
the thoracic and lumbar
vertebrae

Ability to move  Can stand, cannot walk

Height Low (<1st percentile) By age 10
Height: 116 cm

Craniofacial Plagiocephaly, protruding From birth
anomalies frontal tubercles
Densitometry Skeleton: By age 10
data (latest BMD, 0.714,
study) Z-criterion, 1.8;

Li-Lyy:

BMD, 0.770,

Z-criterion, 1.5

By age three/worsening
after fractures and
recurrence of contractures

left femurs, Thy,-L, seven, and eight

compression fractures

Can walk By age one/
worsening after
fractures

Low (<Tst percentile) By age 13
Height: 125 cm

Asymmetry of the From birth

mandible, displacement to

the right

Skeleton: By age 13

BMD, 0.659,

Z-criterion, 2.2;

I'I_LIV

BMD, 0.797,

Z-criterion, 1.4

minimally expressed joint contractures to differentiate
Bruck syndrome from other similar diseases based on
clinical manifestations. This helps determine the progno-
sis and appropriate management tactics for patients and
their families and provides effective medical and genetic
counseling.
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