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ABSTRACT
Gibbus disease is the collapse of the anterior portion of one or more vertebral bodies that results in acute angle segmental kyphosis. Generally, these types of deformities are caused by tuberculosis infections. One of the main problems associated with this
deformity is spinal compression. In this case, the patient presented this condition as a consequence of a non-tuberculous infection, with angular kyphosis after osteomyelitis, treated with a double approach, using implants coated with silver nanoparticles. We
obtained very satisfactory clinical and radiological outcomes. This case presents the intersection of two rare topics in current medicine; on the one hand, a type of spinal deformity that rarely occurs as a consequence of a non-tuberculous infection. On the other
hand, the implant used, coated with silver nanoparticles. Although there are still controversies in the literature, this implant offers
a new possibility of treatment for patients who are at increased risk of implant-related infection, and it is of interest for orthopedic
surgeons, since there is sufficient evidence to support its ability to reduce the formation of biofilms.
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Deformidad de Gibbus no tuberculosa tratada con implante cubierto con nanopartículas de plata.
Presentación de un caso
RESUMEN
Se conoce como enfermedad de Gibbus al colapso de la porción anterior de uno o más cuerpos vertebrales que provoca una
cifosis segmentaria de ángulo agudo. En general, este tipo de deformidades son producto de infecciones tuberculosas. Uno de
los principales problemas que trae apareado esta deformidad es la compresión medular. En el caso presentado, el paciente sufrió
esta enfermedad como consecuencia de una infección no tuberculosa, con cifosis angular pososteomielitis, tratado con doble
vía de abordaje, utilizando implantes recubiertos con nanopartículas de plata. Los resultados clínico-radiológicos fueron muy
satisfactorios. Este caso presenta la conjugación de dos temas poco frecuentes en la medicina actual; por un lado, un tipo de deformidad de la columna que, rara vez, se debe a una infección no tuberculosa y, por otro lado, el implante utilizado, recubierto con
nanopartículas de plata que, pese a las controversias, ofrece una nueva posibilidad de tratamiento para pacientes con un riesgo
aumentado de infección asociada a implantes, y resulta de interés que sea reconocido por los cirujanos ortopedistas, puesto que
existe evidencia suficiente para afirmar su capacidad para reducir la formación de biopelículas.
Palabras clave: Gibbus; nanopartículas de plata; cifosis segmentaria.
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INTRODUCTION
Gibbus deformity is known as the collapse of the anterior portion of one or more vertebral bodies causing an
acute angle segmental kyphosis.1 The term comes from the late Latin ‘gibbosus’, which means hunchback.2
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In general, these types of deformities are the result of tuberculosis infections in the spine or are secondary to
congenital anomalies.1 They can also be due to some fractures, metabolic diseases, such as mucopolysaccharidosis, or congenital infections.3 One of the main problems of this condition is the progression of kyphosis, since the
sagittal balance worsens and, consequently, the risk of spinal cord compression is greater.1
Although there is a great deal of information about this deformity, it is very rarely a result of a nontuberculous
infection; in our literature search, we found only one published case with this characteristic.4 The patient we present suffered from this disease due to an infection associated with implants.
Rates of deep infections associated with implant placement in the spine range from 2.2% to 25%,5 and the most
common isolated microorganisms are low-virulence bacteria, such as Staphylococcus epidermidis, which grow
on the implants, forming multilayer biofilms, also known as microfilms,6 which allow bacteria to defend themselves against antibiotic treatments, as well as host immunity.7
Silver has been shown to have an effective antibacterial effect and can be applied to implants in the form of
nanoparticles to obtain improved physical, chemical, and biological properties, with a tendency to inhibit infection in orthopedic implants.8 For these reasons, research continues and acquires special relevance when faced
with patients with special characteristics, such as altered bone metabolism, affected immune systems, active
infections, or infections in remission.
We present an unusual case of post-osteomyelitis non-tuberculous angular kyphosis, treated with a double approach, using implants coated with silver nanoparticles.

CLINICAL CASE
A 69-year-old man, with no relevant medical history, non-smoker, attended the consultation of a specialist in
spinal pathology at our institution due to severe low back pain and pain in the front of both thighs, and weakness
of the lower limbs that prevented comfortable standing and walking, associated with paresthesia.
As a background, he referred to an instrumented dorsolumbar spine surgery performed two years earlier at
another institution, where he had undergone a T11-S1 arthrodesis with transpedicular rods and screws, which
required surgical cleaning and debridement five days later due to poor evolution of the wound. On that occasion,
no germ isolation or typing was obtained. 19 months after instrumentation, the implant was removed.
At our institution, a biopsy puncture of T12 was performed under computed tomography, from which no germ
was isolated. After the pertinent tests to rule out tuberculosis, he was diagnosed with T12 non-tuberculous vertebral osteomyelitis, according to the clinical presentation and imaging studies. Since the cultures were negative,
the Infectology Service indicated an empirical treatment to cover gram-positive germs and gram-negative bacilli,
with an adequate duration for the diagnosis of osteomyelitis, for which he was administered ciprofloxacin plus
minocycline orally, for six weeks.
He was scheduled for regular check-ups until, according to clinical and biochemical parameters, the infection
had cured. At the third month after the implant extraction, with the wound healed, without secretions or signs of
phlogosis and due to the persistence of pain, a deformity correction surgery was planned.
The patient was in a wheelchair, he reported low back pain associated with intense pain in the anterior aspect of
both lower limbs, and the score on the visual analog scale was 9/10. In addition, he had weakness in both lower
limbs, with marked muscular atrophy in both thighs and calf masses, he could walk with assistance, but he felt
pain, there were no myelopathic signs, the deep tendon reflexes were preserved and the muscular strength of the
lower limbs was of 3/5 according to the scale of the Medical Research Council. Upon inspection, a severe positive sagittal imbalance was observed, the Oswestry Disability Index score was 75%, which corresponds to the
category of “disability”.
Imaging studies were requested. The spinogram in the standing position showed a global sagittal imbalance.
With the SurgiMap® system, spinopelvic parameters were measured and the following results were obtained:
very positive sagittal vertical axis (SVA) of 229 mm, with a T1-pelvis angle (TPA) of 57°, pelvic incidence (PI)
86°, pelvic tilt (PT) 45°, sacral slope (SS) 41°, thoracic kyphosis (TK) 60°, lumbar lordosis (LL) 53°, PI-LL 33°,
GT 66°, and gap of 12. The patient had a Gibbus deformity at the expense of anterior wedging of T12, with T11L1 segmental kyphosis of 111° (Figure 1).
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Figure 1. Lateral spinogram in the standing position before surgery. A. The value of the sagittal
vertical axis is observed. B. Spinopelvic parameters and vertebral curves.
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In the computed tomography, osteolysis of >50% of the body of T12 was observed with anterior predominance
and loss of bone stock in the upper vertebral endplate of L1 plus sequelae signs of screw loosening in all the remaining levels, mainly in the sacral bone (Figure 2).

A

B
Figure 2. Computed tomography of the dorso lumbosacral spine.
A. Osteolysis predominantly in the superior vertebrae of the instrumentation
and the sacrum. B. Destruction of the T12 vertebra with large anterior
wedging.

In the magnetic resonance, the narrowing of the spinal canal was visualized in T12-L1, with hyperintensity in the
T2 sequence of the disc at that level, associated with the destruction of both vertebral bodies (Figure 3). In addition,
a bone scan was performed that showed mild T12-L1 uptake. Biochemical parameters indicated that there was no
active infection.
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Figure 3. MRI of the dorso lumbosacral spine showing the resulting narrowing of the
medullary canal.

Surgical technique
A first anterior surgical stage was performed by thoracotomy, with excision of the 12th rib and corpectomy of
T12, and placement of a self-expanding telescoped cage with autologous rib bone graft and lateral screws to the
body of T11 and L1 joined with a titanium rod, all coated with silver nanoparticles to prevent biofilm formation.
Seven days later, the second subsequent surgical stage was carried out under neurophysiological monitoring, with
arthrodesis of T4 to the pelvis using pedicle screws and three titanium rods with correction of the deformity and
the placement of an autologous bone graft plus heterologous bank graft, plus decompression and myelomenigoradicular release of L4-L5.
The patient tolerated the procedure well and was discharged without pain with a four-point walker after 5 days.
Periodic evolution controls were carried out during the first month, after three months, and after six months.
Currently, eight months after the intervention, the wound is healed and the patient walks unaided, without pain in
the thoracolumbar region and mild pain in the lower limbs (score 2/10 on the visual analog scale). He has completed the neurorehabilitation plan for muscle strengthening and gait improvement, with an Oswestry Disability
Index score of 20%, which corresponds to the category of “moderate functional limitation” (Figure 4). Both the
patient and his relatives are very satisfied with the results obtained. The patient gave written informed consent for
the publication of the case.
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Figure 4. Postoperative image. Profile of the patient.

In the new measurements with the SurgiMap® program, in the standing spinogram, a positive SVA of 35 mm
and a segmental kyphosis T11-L1 of 11° were observed, with TPA of 27°, PI of 74°, PT of 34°, SS of 40°, TK of
37°, LL of 49°, PI-LL of 24°, GT of 29° and gap of 8, with improvement in all spinopelvic parameters (Figure 5).
On the other hand, in the computed tomography, bone consolidation, as well as the invasion of newly formed
bone around the intersomatic implant, could be visualized in all planes (Figure 6).
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Figure 5. Lateral spinogram in the standing
position after surgery. A. Resulting sagittal
vertical axis value. B. Spinopelvic parameters
and vertebral curves obtained.

Figure 6. Postoperative thoracolumbosacral
spine computed tomography. The bone
consolidation process is observed.
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DISCUSSION
The objectives of the surgical treatment of angular kyphosis include the improvement of the neurological symptoms and the deficits due to neural compression, the restoration of normal alignment by correcting the deformity,
and the stabilization of the spine with an arthrodesis.9 As it can be observed in the radiological measurements
described, the postoperative pelvic incidence decreased 12° with respect to the initial one, which is striking considering that this parameter has traditionally been described as “static”. However, recent studies have shown that
pelvic incidence can vary with age, body mass index, after some spinal procedures,10,11 and even in flexion and
extension positions. The latter seems to be due to the mobility of the sacrum relative to the pelvis through the
sacroiliac joint, evidenced by disproportionate changes in sacral slope versus pelvic tilt.12
To achieve therapeutic success, it is more important to obtain a solid arthrodesis than to achieve an anatomical
correction of the deformity. And, based on this precept, the importance of anterior support and bone graft is clear
and well documented.13 Despite the advancement of surgical techniques for anterior stabilization and posterior
decompression, the ideal surgical procedure remains controversial.
In those spinal instabilities where the anterior, middle and posterior columns are affected—regardless of the
pathology that originated them—the successful decompression, correction of the deformity, and stabilization
require anterior and posterior procedures.14
The advent of these increasingly complex surgical techniques generates, in turn, the need for implants with
increasingly demanding mechanical and biological characteristics, with the ability to last a long time, mechanical
resistance, little or no adverse effects on the host, relative resistance to infection, affordable costs for the health
system, availability and access for the population.
These requirements have given rise to new paradigms, in which the new characteristics resulting from biomaterials do not necessarily depend on the discovery of new materials with unique properties, but rather are the result
of the intelligent and combined use of materials already available.
In this context, we can affirm that the antimicrobial activity of silver is very well known; therefore, the study
of this metal in the orthopedic implant industry has experienced a boom in recent times. Its bactericidal activity
is based on the inactivation of key enzymes, such as succinate dehydrogenase by the attachment of thiol groups,
the formation of hydroxyl radicals, and subsequent DNA damage.
In a study by van Hengel et al.,15 whose objective was to develop metallic implants equipped with antimicrobial
functionality to avoid associated infection, the surface of the implants was “biofunctionalized” using plasma
electrolytic oxidation in the presence of silver nanoparticles. Silver nanoparticles were chosen because, when
oxidized, they release silver ions that are known to be potent antimicrobial agents and have demonstrated strong
bactericidal behavior against a broad spectrum of bacteria including methicillin-resistant Staphylococcus aureus
through multiple mechanisms, such as damage to bacterial membranes and the production of reactive oxygen
species.16
In this study, implants were incubated with methicillin-resistant S. aureus for 48 h, under conditions that induce
biofilm formation. After 48 h of incubation, biofilms were formed in the implants of the control group, the bacteria increasingly stacked one on top of the other to form up to 4 or 5 layers. In contrast, in silver implants, fewer
bacteria bound to the implant surface and no signs of biofilm formation were observed.
After an extensive search of the current literature, we have not found case series or reports where implants of
these characteristics have been used in spinal surgery. However, in 2016, Hazer et al. published a study on rabbits
that has achieved promising results regarding biofilm inhibition in spinal implants coated with silver nanoparticles;17 in turn, Hegde et al. reached similar conclusions in a recent study on mice.18
Research has shown that silver nanoparticles and ionic silver have an antibacterial effect at concentrations that
are not cytotoxic to eukaryotic cells.19 However, some authors state that silver implants may be associated with
toxicity, caused by high levels of silver ions.20 In general, we can say that mammalian cells, which have a larger
size, a superior structural and functional organization, and a greater capacity to produce extracellular matrix, are
more tolerant to silver than bacterial cells.21
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The short-term results of the applications of these silver implants did not show any adverse effect on the liver
and kidney functions of the host.22 However, at the cellular level, the impacts of silver ions on the viability and differentiation of bone cells have not yet been investigated in detail.
This is why, at present, there are growing concerns regarding the cytotoxic side effects of ionic silver and silver
nanoparticles in mammalian cells and organ systems.23
In a study by Albers et al., silver particles were shown to cause cytotoxic effects in osteoblasts and osteoclasts.20
On the other hand, previous studies had already shown that both ionic silver and silver nanoparticles cause cytotoxic effects in different systems in vitro and in vivo.24 There is no consensus on the toxicity of these particles
for humans, most of the research on the toxicity of silver nanoparticles is based on in vitro cell experiments and
relatively short-term animal experiments.

CONCLUSIONS
This case presents the intersection of two unusual themes in current medicine; on the one hand, the presentation
of a type of spinal deformity that rarely occurs as a consequence of a non-tuberculosis infection, the treatment of
which is still controversial from a biomechanical point of view. We have reported a therapeutic method that, so far,
achieves an excellent clinical outcome for the patient, with the restoration of standing, harmonic gait, and great
improvement in pain and neurological symptoms. On the other hand, the use of an implant of the latest generation,
coated with silver nanoparticles. Although it is still under study and, for some authors, its use is controversial for
the reasons described above, it offers a new possibility of treatment for patients with a higher risk of implantrelated infection. There is evidence supporting its ability to reduce biofilm formation, which should be taken into
account by orthopedic surgeons.
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