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geons and requires further preparation and time.

Background: Osteopetrosis is an uncommon inherited disease marked with elevated bone density and frequent
bone fractures owing to flawed osteoclast activity. Autosomal dominant osteopetrosis type 2 (ADO-2), a benign form
of osteopetrosis, is also known as Albers-Schonberg disease.

Case presentation: We report the first successful anterior cruciate ligament (ACL) reconstruction surgery for ACL
rupture treatment in a 30-year-old female with ADO-2, who carried a heterozygous missense mutation ¢.2227C>T
(p.Arg743Trp) in exon 23 of the chloride channel 7 (CLCN7) gene. Histopathological analysis of the ruptured ACL
sample revealed massive calcium salt deposition in the ligament tissue. A ligament advanced reinforcement system
(LARS) artificial ligament was employed in her ACL reconstruction surgery. At her final 16 month's follow-up, she
reported no knee instability symptoms and other complications. The range of motion of the affected knee was good.
The side-to-side difference in knee laxity, as evidenced by a KT-1000 arthrometer was 0.9 mm. The Lysholm score
improved from 45 before operation to 83 after operation. The Tegner activity score improved from 1 before operation

Conclusions: Our findings further confirmed that the newly identified mutated locus (p.Arg743Trp) may lead to
acid secretion disorders at different sites (including calcified ACL in our case). In terms of clinical treatment, ligament
reconstruction surgery in patients with Albers-Schonberg disease presents a unique challenge to orthopedic sur-
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Background

Osteopetrosis (OP) is a clinically and genetically hetero-
geneous group of diseases characterized by a symmetri-
cal increase in bone density [1]. OP prevalence may range
from 1:20,000 to 1:250,000, depending on disease types
[1]. It is stratified according to clinical manifestations,
genetic inheritance, and discrete signaling pathways. A
myriad of clinical manifestations and genetic inheritance
are associated with the different forms of OP. Genetic
inheritance can be autosomal recessive, autosomal
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dominant or X-linked. Autosomal recessive osteopetrosis
(ARO), an OP malignancy detected in infancy, can impair
growth and dramatically increase fracture risk. ARO
patients often experience anemia and recurring infec-
tions. This is likely due to bone expansion, which narrows
the bone marrow space and eventually leads to extramed-
ullary hematopoiesis. Some ARO patients also experi-
ence blindness, facial paralysis, and deafness, owing to
excessive bone pinching on cranial nerves [1].
Interestingly, patients with autosomal dominant osteo-
petrosis (ADO), a benign form of OP, are often asymp-
tomatic. ADO onset is usually in late childhood or
adolescence and it can be separated in three subcatego-
ries: benign type 1 (ADO-1), benign type 2 (ADO-2), and
benign type 3 (ADO-3) [2]. Among them, ADO-2, also
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known as Albers-Schonberg disease, is the most reported
form of OP. ADO-2 is manifested by vertebral endplate
thickening ‘sandwich vertebrae; along with excessive cor-
tical, but normal cancellous bone volume, brittle bones,
and increased fracture risk late in life [3-5]. Among the
most prevalent causes of ADO-2 is an inactivating muta-
tion in the chloride channel 7 (CLCN7) gene, which
diminishes osteoclast activity via impaired acidification
of the osteoclast resorption lacunae, thereby abolishing
bone mineral degradation [6].

Tears of the anterior cruciate ligament (ACL) are
among the most frequently studied injuries in orthope-
dic literature. A population-based cohort study carried
out in Minnesota, United States, found that the annual
incidence of new ACL injuries, adjusted for sex and age,
was 68.6 per 100,000 people [7]. Although some papers
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reported orthopaedical surgery as a likely treatment for
ADO-2-related fractures [8, 9], the treatment of ante-
rior cruciate ligament (ACL) rupture in ADO-2 patients
is rarely reported. In addition, there are limited familial
genetic analyses as well. Here, we introduce a case report
of an ADO-2 patient, with heterozygous gene mutation
in CLCN?7 gene, who received ACL reconstruction sur-
gery in China.

Case presentation

A 30-year-old woman sought treatment at our joint sur-
gery department for pain and instability of the right knee
joint, after suffering from injury. She experienced a val-
gus semi-extension injury to her knee while driving an
electric motorcycle that was hit by a car. MRI examina-
tion revealed complete ACL rupture.

appearance. AP = anterior—posterior

Fig. 1 X-ray evaluation of an autosomal dominant osteopetrosis type 2 (ADO-2) phenotype. A AP skull radiograph showing generalized increase in
bone density. B Sclerosis in the iliac wings, acetabuli and femoral heads. C Lateral thoracic and lumbar spine radiograph with dense sclerotic bands
at the vertebral body endplates (‘sandwich vertebrae’). D AP phalanges radiograph with endobone (‘bone-in-bone’) appearance. E A full-length
standing anteroposterior radiograph of both lower limbs showing diffused bone sclerosis, ‘Erlenmeyer flask’ deformity, and ‘bone-in-bone’
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The patient had a history of OP and was diagnosed
with the disease at the time of her first fracture at the age
of 13. Radiographs showed diffused sclerosis in the skull,
vertebrae, pelvis, and appendicular bones. Knee X-ray
revealed typical bone modelling defects (‘Erlenmeyer
flask’ deformity). There was obvious ‘bone-in-bone’ mor-
phology at the femur heads, vertebrae, and phalanges. In
addition, focal sclerosis was detected in the skull base,
pelvis, and vertebral end plates (‘sandwich vertebrae’)
(Fig. 1). Bone mineral densitometry (BMD) of the antero-
posterior lumbar spine vertebrae, L1-L4, was 2-381 g/
cm? (Z-score=12.1), as evidenced by dual-energy X-ray
absorptiometry. The BMD of the left femoral neck was
1.863 g/cm? (Z-score=9.2). Blood chemistry exhibited
elevated levels of N-terminal propeptide of type I colla-
gen (142 ng/mL [reference range 16—55 ng/mL]).

To evaluate the genetics of OP, a targeted gene panel
was sequenced to investigate the presence of patho-
genic variants of multiple OP-related genes. With
informed consent, 3-mL blood samples were collected
from the patient, her parents, 6-year-old daughter,
older sister, and two nephews. Based on our analysis,
the same heterozygous missense mutation ¢.2227C>T
(p.-Arg743Trp) was observed in exon 23 of the CLCN7
gene in the proband, her father, and her daughter, in
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whom the mutated locus was first reported (Fig. 2).
The family was assumed to suffer from ADO-2. Nev-
ertheless, the father and daughter had no OP-related
complaints and their other relevant tests appeared
normal.

At 8 weeks after the injury, the patient underwent ACL
reconstruction surgery, using a ligament advanced rein-
forcement system (LARS) (Surgical Implant and Devices,
Arc-sur-Tille, France) artificial ligament (AC 100 [8 mm
diameter, 100 free fibers]), following earlier reported
isometric surgical principles [10]. Due to the significant
increase in bone density, the guide pin, and hollow drill
bits were not able to penetrate the tough bone. Hence,
a bone tunnel was established with the direct use of a
7.5 mm diameter solid drill bit. The 9.0 mm diameter
titanium interference screws were also extremely diffi-
cult to screw in. In all, the operation lasted 130 min and
was successfully completed. Histopathological analysis
of the ruptured ACL sample, obtained during the opera-
tion, revealed massive deposition of calcium salts in the
ligament tissue (Fig. 3). The patient was discharged from
the hospital 3 days after the operation. She underwent a
standardized rapid rehabilitation program, as described
previously [11].
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Fig. 2 A heterozygous missense mutation identified in a proband, her father, and her daughter. A heterozygous C to T transition (arrow) is shown
at position 2227 in exon 23 of the chloride channel 7 gene, replacing an arginine with a tryptophan, with substitution at codon position 743
(NM_001114331.2 [CLCN7]: ¢.2227C>T, p.Arg743Trp). 3.4 =proband, 1.2 =father, 2.3 =daughter
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Postoperative 1 month’s T2-weighted MRI illustrated
the LARS ligament was intact after ACL reconstruc-
tion (Fig. 4). Until her final 16 month’s follow-up, she
reported no knee instability symptoms and other com-
plications. Clinical assessment involved both passive and
active range of motion (ROM) and the KT-1000 arthrom-
eter (MED metric, San Diego, CA, USA), which assessed
the side-to-side difference between the affected and
nonaffected knee. The patient also filled out validated
patient-reported outcome measure surveys including
the Lysholm knee scoring scale and Tegner activity score
[12]. The flexion angle of the affected knee was 115° and
that of nonaffected knee was 125°. The extension angle of
both side of the knee was 0°. The side-to-side difference
in knee laxity, as evidenced by a KT-1000 arthrometer
was 0.9 mm. The Lysholm score improved from 45 before
operation to 83 after operation. The Tegner activity score
improved from 1 before operation to 4 after operation.

Discussion and conclusions

This is the first report of an ADO-2 patient, with
p.Arg743Trp mutation in the CLCN7 gene, undergoing
ACL reconstruction surgery described in the English lit-
erature. Histopathological analysis of the ruptured ACL
sample revealed massive deposition of calcium salts in
the ligament tissue. Her surgical treatment of ACL rup-
ture represented a unique challenge to the orthopedic
surgeon due to her ADO-2 diagnosis, but short-term fol-
low-up results showed that the surgery was successful in
that the reconstructed ACL was stable and the knee had a
good range of motion.

Earlier reports established that ADO-2 is caused by a
mutation in chromosome 16p13.3. In later research, this
mutation was found to be in the CLCN7 gene [4]. This
gene carries the genetic code for the chloride channel 7
protein subunit (CIC-7). This subunit comprises of 803
amino acids and is responsible for maintaining efficiency
in proton pumping in the osteoclast ruffled membrane
[6]. Osteoclasts resorb bone by secreting proteases and
hydrochloric acid, which work together to dissolve the
calcified bone matrix [13]. Active proton transport, reg-
ulated by osteoclast-specific V-ATPase, is essential to
this process as it acidifies the resorption compartment
via chloride secretion modulated by the chloride-proton
antiporter CIC-7 [14]. Hence, individuals with CLCN7
mutation often experience diminished bone resorp-
tion and eventually develop OP [15]. The CLCN7 muta-
tions associated with ADO-2 are highly varied, with
over 200 mutations identified so far [16]. In this report,
we introduce a new heterozygous missense mutation
c.2227C>T (p.Arg743Trp) in the CLCN7 gene. Interest-
ingly, the same mutated locus was previously reported
in the ATP6VOA4 gene in a recessive distal renal tubular
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Fig. 3 Anterior cruciate ligament rupture in an ADO-2 patient. A
Arthroscopy showing complete ACL rupture. B Histopathological
analysis of the ruptured ACL sample depicting calcium salt deposition
(haematoxylin and eosin stain). Original magnification x 200.

ADO-2 =autosomal dominant osteopetrosis type 2. ACL =anterior

cruciate ligament

acidosis (ARTA) patient [17]. ATP6V0A4 genes encode a4
subunits of the V-ATPase. The V-ATPase is located in the
acid secretory alpha intercalated cells of the renal corti-
cal and medullary collecting ducts as well as the cochlear
endolymphatic sac epithelial cells. Mutations in these
genes dysregulate V-ATPase proton-secreting activity
and induce the autosomal recessive form of dRTA, which
is related to sensorineural hearing loss [18]. In our case,
the proband, her father, and daughter were asymptomatic
in terms of kidney function and hearing. We suspected
that there are modifying factors that determine whether
a given mutation carrier becomes symptomatic. Indeed,
our findings further confirmed that the newly identified
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Fig. 4 Preoperative and postoperative MRI findings. A Preoperative T2-weighted MRl illustrating complete ACL rupture (arrow). B Postoperative
T2-weighted MRl illustrating LARS ligament after ACL reconstruction (arrow). LARS = Ligament Augmentation and Reconstruction System

mutated locus (p.Arg743Trp) may lead to acid secretion
disorders at different sites (including calcified ACL in our
case), resulting in different clinical symptoms. Thus, our
analysis of the novel mutated locus may be a good indica-
tor for future examinations and molecular diagnostic of
diseases caused by mutations in the CLCN7 gene.

On the clinical treatment side, relative to normal
patients, orthopedic surgery takes longer in ADO-2
patients, and the surgeon faces extra challenges like drill
bit breakage and excessive blood loss [8]. Moreover, lack
of knowledge about OP, along with insufficient preop-
erative examination can result in both pre- and postop-
erative, complications. So, in our case, we performed
an extensive preoperative evaluation and preparation,
including special surgical tools like solid and sharper bits.
Despite this, we still encountered few difficulties during
the operation, described as follows: the Kirschner wire
could not be used for positioning and interface screws
were difficult to screw in.

Considering the poor quality of our patient’s calcified
ligament autografts and the potential risk of infections
at the donor site, we used artificial LARS ligaments
instead. Recently, a study revealed that despite the
favorable long-term overall satisfaction of patients,
who have undergone ACL reconstruction with the
LARS device, the high cumulative reoperation rate
was 51% and complication rate was 66% [19]. Thus, the
long-term outcome of the OP patient using the LARS
ligaments requires further observation. In addition, the
autogenous reconstruction with four-strand hamstrings
or bone-patellar tendon grafts is a widely accepted
treatment after ACL rupture [20], the efficacy of autog-
enous reconstruction in patients with OP require fur-
ther examination. Finally, we speculate that allograft

tendons are among the donor options that may be con-
sidered since the femoral suspension devices of allo-
graft tendons can minimize interface screws usage,
thus partially reducing the difficulty of ligament recon-
struction surgery in patients with OP.

In conclusion, our findings further confirmed that the
newly identified mutated locus (p.Arg743Trp) may lead
to acid secretion disorders at different sites (including
calcified ACL in our case). In terms of clinical treat-
ment, ligament reconstruction surgery in patients with
Albers-Schonberg disease presents a unique challenge
to orthopedic surgeons and requires further prepara-
tion and time.
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