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ABSTRACT

The purpose of this research was to assess how the application of the oral irrigator modifies the bacterial flora using
a phase contrast microscope in patients affected by chronic periodontitis and treated with laser and strictly home care
protocol.

60 patients were included in periodontal maintenance therapy (PMT), with specific home oral hygiene instructions
(sonic toothbrush plus oral irrigators, at least twice a day). Phase contrast-phase microscopic examinations displayed the
existence of non-mobile (i.e., not pathologic) bacterial flora in all patients. They were then randomly divided into two
groups, A and B. After professional oral hygiene, group A stops using an oral irrigator at home. After the professional
oral hygiene, patients of group B were motivated to continue their oral hygiene protocol at home. After three months, the
patients underwent a second microscopic analysis of bacterial plaque.

In the Group A patients, 90% of cases had a pathogenic bacterial flora change. 100% of the patients in group B showed
non-mobile bacteria on phase contrast microscopic analysis, whereas group A showed mobile bacteria.

This research demonstrates that oral irrigator in home hygiene protocol plays a role in the long-term maintenance of
non-pathogenic bacterial flora in periodontal patients.

KEYWORDS: bacterial flora, oral irrigator, diode laser, hydrogen peroxide, oral hygiene, oral irrigator, phase contrast
microscopy, photodynamic therapy, sonic toothbrush.

INTRODUCTION

Maintaining periodontal health over time is crucial in guaranteeing the success of dental treatments. Periodontal
maintenance therapy (PMT) and home oral hygiene protocols are the keys to success. We know from the literature and
clinical experiences that without meticulously organized and performed PMT, patients with a predisposition to periodontal
disease are at high risk of reinfection and progression of periodontal lesions. A large amount of failures after non-surgical
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or surgical periodontal therapies (1) is due to incomplete cleaning of the root superficies from bacteria belonging to red
and orange Socransky’s complexes, such as Porphyromonas gingivalis, Treponema denticola, Bacteroides forsythus,
Fusobacterium nucleatum, and Peptostreptococcus micros. It has been shown (2) that new contamination of the
periodontal pockets is total after a one-year follow-up, even with frequent dentist appointments, either with non-surgical
or surgical therapies.

Since the 90s, reports have shown that decontamination by laser radiation is possible (3). Lasers can be applied alone
or in association with a photosensitizer. Photodynamic therapy (PDT) is the association of light with a chromophore
and oxygenated tissues (4). This technique aims to bring singlet oxygen to all tissues affected by pathogenic bacteria.
However, if chromophores absorb the wavelengths, laser rays cannot break through tissues very deep. In addition, if the
power density is too low, the decontaminating effects are insufficient. It happens because PDT protocols use LLLT (low-
level laser therapy) energy to avoid thermal damage.

Recent research (5) proposed a combination between high power and high frequency of diode laser 980 nm (using
high peak power combined with low average power to reduce thermal effects) and hydrogen peroxide 10 volume 3%, or
modified hydrogen peroxide 10 volumes 3%. This treatment protocol has been named “photodynamic therapy without
dye” or Oxygen High Level Laser Therapy (6). Several in vitro and in vivo studies showed the bactericidal activity of
laser irradiation combined with hydrogen peroxide (7).

The aim of this research was to evaluate how much homecare with an oral irrigator has a role in maintaining a non-
pathogenic bacterial flora in the oral cavity. The diagnostic tool is the phase contrast microscope (8) which provides
qualitative data on the bacterial flora monitored during the six-monthly recalls of professional hygiene.

MATERIALS AND METHODS

The present study was carried out in conformity with the Declaration of Helsinki. Sixty patients from a private dental
clinic in Bergamo, Italy, were recruited and were diagnosticated moderate generalized periodontitis in 2016, 2017, and 2018.
In addition, they had laser-assisted non-surgical therapy and taught in-homecare protocol with a sonic toothbrush, interdental
brush and oral irrigator. Subsequently, they underwent a second clinical evaluation in order to be sure that periodontal disease
was stabilized. Afterwards, they were recruited in a 6-months recall protocol of professional oral hygiene.

For the periodontal maintenance therapy, the following maintenance home hygiene protocol was delivered: sonic
brush with vertical movement (Broxo OraBrush, Santé Parodonte, Geneva, Switzerland), interdental brushes, and oral
irrigators (Broxo Oralets, Santé Parodonte, Geneva, Switzerland) at least two times every day (Fig. 1-2-3).

Fig. 1. Oral hygiene devices. Seven devices for optimal domiciliary hygiene procedures. The most important are: 1: manual
toothbrush; 1: sonic brush with vertical movement, 2: interdental brushes; 3: oral irrigators.
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An evaluation of the subgingival plaque sample
was performed on each patient by using contrast-phase
microscopy. It was performed during PMT appointments
every 6 months in a close recall scheme (Fig. 4-5).

Based on contrast phase microscopy results, two protocols
were applied. In the case of non-pathogenic bacterial flora
(i.e. static flora, Gram-positive bacteria) detection, standard
periodontal therapy with appointments every 6 months was
delivered. In the case of pathogenic bacterial flora (spirochete,
moving flora) detection, immediate treatment with supra-
gingival and sub-gingival ultrasonic instrumentation, air
flow with bicarbonate powder, and a single-session of
photodynamic therapy without dye (OHLLT) in the entire
mouth was delivered. The last protocol has also been applied
without signs of inflammation (i.e. pain, bleeding).

The single-stage session of photodynamic therapy without
dye (OHLLT) is the irrigation of periodontal pockets with a
Sioxyl solution. First, the operator aspires a Sioxyl solution
from the gingival sulcus, leaving the remaining solution inside
the pocket for 2 min. After that, an HF Diode Laser 980 nm,
Fiber 400 microns (Wiser Doctor Smile, Lambda, Vicenza,
Italy) is introduced in the periodontal pocket to reach the
bottom. Then, radiation of subgingival tissues is carried out
through a back-and-forth movement, using a specific program,
60 s for each side (2.5 W peak power, high frequency, 10 kHz,
power average 0.5 W, Fluency 25000/cm?2).

At the end of the professional oral hygiene procedure,

-
patients were trained for homecare protocol with a sonic brush,  Fig. 3. Oral irrigator during subgingival biofilm removal.

interdental brushes, and oral irrigator at least twice daily.

After 1 month, patients were checked for periodontal disease with a contrast-
phase microscope. If they have only non-pathogenic bacterial flora, patients
returned to standard 6-month controls. If they have pathogenic bacterial flora,
patients are trained again for oral hygiene associated with a single-stage session
of laser-assisted PDT without dye.

Dental hygienists, therefore, are responsible for organizing this specific
prevention and maintenance program, personalized and flexible, using a
continuous and progressive educational process that can support the results
obtained by the dentist.

All 60 patients recruited in periodontal support therapy had the following
inclusion criteria:

- age from 35 to 65;

- no systemic diseases;

- periodontal clinical attachment loss of less than Smm in at least two teeth;
- no tooth mobility;

- bleeding index under 30%;

- plaque index under 30%.

All 60 patients were evaluated for subgingival plaque check with a phase
contrast microscope by the same operator. For examination, a periodontal
curette is used. It collected bacterial plaque in the gingival sulcus. First,

Fig. 4. Contrast phase microscope with
dividing line between non-pathogenic
bacterial flora (above) and pathogenic
bacterial flora (below).

plaque is placed on a slide, then it is irrigated with a drop of physiological solution, fixed with a counterslide, and a drop
of oil is placed on the counterslide to concentrate the light of the microscope. A 40x objective is recommended with an

eyepiece of 15x (600 magnification).
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Then it is possible to visualize which kind of bacteria are present
in the plaque, as well as epithelial cells and polymorphonuclear cells.
Contrast-phase microscope distinguishes between a non-pathogenic
bacterial flora (Fig. 6) that is non-mobile and a pathogenic bacterial
flora (Fig. 7) that is primarily mobile and composed of spirochetes
such as Treponema Denticola.

The plaque was collected from the gingival sulcus in each
patient. Microscopic analysis showed non-pathogenic bacterial
flora for each sample (T0). All patients were then randomly divided
into two groups, A and B. After a professional oral hygiene session,
group A was asked to suspend the use of an oral irrigator and
continue the home hygiene protocol only with a sonic toothbrush
and interdental brushes. After the professional oral hygiene session,
Group B was requested to continue the complete homecare protocol.
Three months later, the patients underwent a second bacterial plaque
analysis (T1), and the data were obtained and accessed through the
Statistical Package for Social Sciences (SPSS).

RESULTS

Patients belonging to Group A (Table I) (i.e. did not use the oral
irrigator) had mobile bacterial flora in 90% of cases. Instead, 100% of
patients belonging to group B (i.e. using the standard protocol with a
sonic toothbrush, interdental brushes and oral irrigator for 3 months)
showed non-mobile plaque on phase contrast microscopic evaluation.

Recruited patients had a plaque index of less than 30% (Table II).
At the time of re-evaluation, group A showed a slight worsening of the
plaque index: seven out of 30 patients had a plaque index greater than
30%. In group B, there was no worsening of the plaque index. The
control group maintained the plaque index below 30% in all cases.

Table III and Table IV report the difference between periodontal and
microbial parameters of groups A and B at TO and T1, demonstrating
that oral irrigator usage at home effectively maintains a non-mobile
flora in the periodontal sulcus.

DISCUSSION

The phase contrast microscope uses two principles (wavelength
and amplitude) to create an image of cells (8, 9). Methodologically,
contamination, sampling technique and sample preparation are
important as they strongly influence the analysis result. The
reproducibility of what is seen using contrast phase microscopy is
high when the procedure is standardized. Sample analysis gives us
some clinically relevant information (8, 10). Direct examination of the
sub-gingival dental plaque under a phase contrast microscope allows
one to characterize bacterial morphotypes without inflammatory
signs. It also allows for evaluating the microbial density associated,
or not, with active periodontal pockets.

Phase contrast microscopy provides qualitative data of bacterial
flora that integrates the standard periodontal parameters such as

. X : & *

Fig. 6. Non-pathogenic bacterial flora.

Fig. 7. Pathogenic bacterial flora.

plaque index, bleeding index and loss of clinical attachment collected and monitored during the six-monthly recalls of
professional hygiene. Quirynen et al. (11) based the results of their research on the phase contrast microscope. Bollen, et al.,
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(12) published a pilot study examining the long-term microbiological effects of a “full mouth” disinfection controlled with
phase contrast microscopy. Yeom et al. (13) used the phase contrast microscope to evaluate the clinical and microbiological
effects of the subgingival deposition of bioabsorbable microcapsules loaded with 10% of minocycline in 15 adult patients
with periodontitis. Quirynen et al. (14) used a phase contrast microscope to evaluate the bacterial plaque around the
implant surfaces. Acharya et al. (15) compared the efficacy of three motivational techniques to maintain good oral hygiene
during fixed appliance orthodontic treatment. Phase contrast microscopy and the conventional plaque detection method
were used to demonstrate that vertical brushing is the best; this reduces the need for frequent strengthening sessions of
plaque control programs.

Analysis of the literature demonstrated that homecare periodontal support therapy could preferably include a sonic
electric toothbrush (16-18) for the shock wave generated by the movement of the bristles combined with the oral irrigator
(19-21). This last induces the solution of subgingival plaque through the disorganization of the salivary biofilm, which
can potentially spread microorganisms in the gingival sulcus (1, 2, 22).

The present study demonstrated that using a specific home oral hygiene protocol is essential in periodontal maintenance
therapy. Oral irrigators are important to maintain a non-pathogenic bacterial flora in subgingival plaque. If patients in

Table L. Patients with not-mobile flora at first (T0) and second (T1) evaluation.

Compatible flora To T
Group A 30 3
Group B 30 30

Table I1. Patients with plaque index less than 30% at first (T0) and second evaluation (T1).

Plaque index < 30% To T,
Group A 30 23
Group B 30 30

Table I11. Periodontal and microbial parameters among the A group and B group at T0.

Group A (n=30) Group B (n=30) p Value
Mean = sd Mean = sd
BoP 0.14+0.09 0.11+0.10 <0.018
P.L 0.23+0.12 0.21+0.11 0.006
P.D. 2.24+0.23 2.25+0.21 0.267

BoP: bleeding on probing; P.I: plaque index; and P.D.: periodontal depth. *p value
<0.001 is statistically significant.

Table IV. Periodontal and microbial parameters among the A group and B group at T1.

Group A (n = 30) Group B (n = 30) p Value
Mean =+ sd Mean = sd
BoP 0.12+0.05 1.12+0.21 <0.0005 *
P.I 0.12+0.15 0.93+0.21 <0.001 *
P.D. 2.16+0.18 241+024 0.135

BoP: bleeding on probing; P.I.: plaque index; and P.D.: periodontal depth. *p value <0.001 is

statistically significant.
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PMT avoid using oral irrigators for 3 months, periodontal conditions deteriorate with an increase of pathogenic bacterial
flora detected with phase contrast microscopy and worst periodontal parameters (PI, BOP, PD).

The patient must be constantly monitored and continuously remotivated to maintain excellent oral hygiene levels. Scientific
literature proves that our protocol is a suitable method to stop the onset and advancement of periodontal infection. It also
avoids relapses and stabilizes the results obtained in patients predisposed to periodontal disease.

CONCLUSION

The present study shows that phase contrast microscopy detects early sub-gingival plaque modifications due to poor
home oral hygiene protocols application by patients and how the use of the oral irrigator is of paramount importance in the
long-term maintenance of a non-pathogenic bacterial flora in the periodontal sulcus. It is clear that, although it is possible
to maintain an acceptable plaque index only with a sonic toothbrush and pipe cleaners, a water jet allows the maintenance
of non-pathogenic bacterial flora in the oral cavity of patients who have not stopped using it.
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ABSTRACT

Hyaluronic acid (HA) is the major structural component of the extracellular matrix, involved in signaling pathways,
inflammation, wound repair, and morphogenesis.

HA is considered an important biomaterial for tissue engineering, drug delivery systems and various medical
and pharmaceutical applications based on its characteristics, such as its good biocompatibility, biodegradability, and
viscoelastic properties. The physiological properties of HA largely depend on its molecular weight and ability to interact
with specific cell receptors.

In this study, we evaluated the correlation between the molecular weight and physiological function of HA by measuring
the expression of some inflammatory mediators, such as cytokines, chemokines, and interleukins in mesenchymal stem
cells.

Gene expression of genes belonging to the “Inflammatory Cytokines and Receptors” pathway was measured by Real-
Time PCR after 24h of treatment with high, medium, and low molecular weight HA solution.

The results confirm the anti-inflammatory activity of high molecular weight HA and the pro-inflammatory and
immuno-stimulating activity of medium and low molecular weight HA.

KEYWORDS: Hyaluronic acid, inflammation, mesenchymal stem cells, real-time PCR
INTRODUCTION

Hyaluronic acid (HA) is a linear polymer belonging to the family of unbranched polysaccharides called
glycosaminoglycans (GAGs), composed of repeated disaccharide units of -1, 3-N-acetyl-D-glucosamine, and B-1, 4
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acid-glucuronic (1). It is a natural extracellular matrix component found in various body fluids, organs, and tissues. It is
found at high levels in the umbilical cord, synovial fluid, skin dermis, epidermis, vitreous of the eye, and blood (2). It is
synthesized by fibroblasts, keratinocytes, and endothelial cells in the skin region to regulate various biological processes,
including signaling, inflammation, wound repair, morphogenesis, and others (3-5).

The molecular size of HA varies from 0.8 kDa to 3000 kDa and is determined by the number of repeated disaccharide
units. The biological functions of HA depend on molecular weight. HA with a molecular weight greater than 1000 kDa
exerts antiangiogenic, immunosuppressive, and anti-inflammatory effects (6). High molecular weight HA is also highly
viscoelastic and viscous and can protect cartilage by acting as a lubricant in the synovial fluid. Conversely, medium and
low molecular weight HA possesses pro-inflammatory, pro-angiogenic, and immunostimulating properties (1, 3).

The physiological responses mediated by HA usually correlate with the immune functions that cause inflammation of
the tissues and are based on the different molecular sizes related to the different receptors used. Low molecular weight
HA binds to toll-like receptor (TLR) 4, an innate bacterial lipopolysaccharide (LPS) receptor, while CD44 glycoprotein
is the major high molecular weight HA binding receptor.

HA degradation is mainly mediated by members of a family of enzymes called hyaluronidases (HYAL1 and HYAL2)
via the CD44 receptor in macrophages (7, 8). HYAL1 and HY AL2 are the main types of hyaluronidase and are distinguished
by their action at the protein level. HY AL2 is responsible for the cleavage of high molecular weight HA, which is mainly
bound to the CD44 receptor, where HY AL1 degrades HA in the lysosomes to generate HA oligosaccharides (9).

One of the best-known functions of HA is hydration, thanks to its good ability to trap water (2). Based on its
characteristics, such as its good biocompatibility, biodegradability, and viscoelastic properties, HA is considered an
important biomaterial for tissue engineering, drug delivery systems, and various medical and pharmaceutical applications
(10, 11). HA is also known to reduce the appearance of wrinkles and accelerate wound healing. In addition to these
functions, HA-based formulations have shown remarkable efficacy in treating a wide range of inflammatory skin diseases
(12-14). In this study, we tested the effects of three different weight hyaluronic acids (high, medium, and low molecular
weight) on a population of mesenchymal stem cells isolated from dental pulp.

Mesenchymal stem cells are an excellent model for testing biomaterials’ effects or substances’ cellular compatibility
thanks to their multilineage differentiation potential, high proliferation activity, and self-renewal (15). Moreover, thanks
to the ease of availability and isolation, the dental pulp is an excellent source of mesenchymal stem cells (16).

MATERIALS AND METHODS

Dental pulp stem cells isolation

Dental germ pulp was extracted from the third molars of healthy subjects. Pulp was digested for 1 h at 37 °C in
a solution containing 3 mg/ml type I collagenase, 4 mg/ml dispase, in 4 ml phosphate-buffered saline (PBS) solution
supplemented with 100 U/ml penicillin, 100 pg/ml streptomycin, and 500 pg/ml clarithromycin. The solution was then
filtered with 70 um Falcon strainers (Sigma Aldrich). Filtered cells were cultivated in a-MEM culture medium (Sigma
Aldrich) supplemented with 20% FCS, 100 uM 2P-ascorbic acid, 2 mM L-glutamine, 100 U/ml penicillin, 100 pg/ml
streptomycin and placed in 25 cm? flasks. Flasks were incubated at 37°C, and 5% CO , and the medium changed twice a
week.

Flow cytometric analyses

The purity of dental pulp stem cells (DPSC) cultures was determined by analysis of different antigens after staining with
a fluorochrome (FITC- or PE-) conjugated mAbs anti-human CD14-FITC, CD14-PE, CD34-FITC, CD45-FITC, CD90-PE,
CD105-PE (Immunotech) and analyzed by FACScan. The nonspecific mouse IgG was used as isotype control (Immunotech).
In order to avoid nonspecific fluorescence from dead cells, live cells were gated tightly using forward, and side scatter.

Cell viability test

PrestoBlue™ Reagent Protocol (Invitrogen) was used to evaluate the viability of cells treated with high molecular
weight hyaluronic acid (HMW-HA), medium molecular weight hyaluronic acid (MMW-HA), and low molecular weight
hyaluronic acid (LMW-HA) solutions at different concentration. A stock solution of 10 g/mL of each molecular weight
HA was prepared. Further dilutions were made with the culture medium to the desired concentrations before use.

Serial dilutions of each different molecular weight HA solution (1000 mg/mL, 100 mg/mL, 10 mg/mL, 1 mg/mL)
were added (three wells for each concentration). The cell culture medium alone was used as a negative control. Cells were
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seeded into 96-well plates at a density

4 ..
Og 1ollcellls per We(111. contal?mg 1‘?}? ui Phatway Gene symbol Gene name
9 ce .Cu ture rn.e lum Adfter 2 0 CCL1 C-C motif chemokine ligand 1
incubation, cell viability was measured i i
. ™ CCL2 C-C motif chemokine ligand 2
using PrestoBlue™ reagent protocol. : _
The percentage of viable cells was CCL2D C-C motif chemokine ligand 2 D
determined by comparing the average Chemokine CCL5 C-C motif chemokine ligand 5
absorbance in drug-treated with average CCL8 C-C motif chemokine ligand 8
absorbance in control wells exposed to CXCLS C-X-C motif chemokine ligand 5
vehicle alone. The results were presented CXCLI10 C-X-C motif chemokine ligand 10
as the mean =+ standard deviation of three CCRI C-C motif chemokine receptor |
measures. CCR2 C-C motif chemokine receptor 2
Cell treatment CCRS C-C motif chemokine receptor 5
Chemokine receptor - -
Cells were seeded at a 1.0 x 10° cells/ ’ CCR6 €-C motif chemokine receptor 6
ml density into 9 cm? (3 ml) wells and CCR10 C-C motif chemokine receptor 10
subjected to serum starvation for 16 CXCRS C-X-C motif chemokine receptor 5
hours at 37°C. After serum starvation, IL1A interleukin 1 alpha
cells were treated with the following ILIB interleukin 1 beta
solutions: a) 10 mg/mL of HMW-HA; 2 interleukin 2
b) 10 mg/mL of MMW-HA; .c) 10 mg/ i3 iorleukin 3
mL of LMW-HA. All solutions were Interleukin - -
. . . ILS interleukin 5
obtained in DMEM supplemented with 6 T
2% FBS, antibiotics, and amino acids. Tn ered Tn
For each treatment, three biological L7 interleukin 7
replicates were performed. IL8 interleukin 8
The cells were maintained in a ILR1 interleukin 1 receptor type 1
humidified atmosphere of 5% CO, at ILIRN interleukin 1 receptor antagonist
37°C for 24 hours. Cell medium alone Interleukin receptor - nterleukin 6 receptor
was used as a negatlve. control. After IL10RB interleukin 10 receptor subunit beta
the epq of the exposure time, cells were BMP2 bone morphogenetic protein 2
trypsinized and processed for RNA .
. SPP1 secreted phosphoprotein 1
extraction.
Cytokine TNFSF10 TNF superfamily member 10
RNA isolation, reverse transcription and TNFSF11 TNF superfamily member 11
quantitative real-time RT-PCR VEGFA vascular endothelial growth factor A
According to the manufacturer’s Cytokine receptor TNFRSF tumor necrosis factor receptor superfamily
instructions, total RNA was isolated from Reference gene RPLI13 ribosomal protein L13

cell lines using GenElute mammalian
total RNA purification miniprep kit

Table 1. Selected genes used in Real-Time PCR grouped by functional pathway.

(Sigma-Aldrich). Pure RNA was quantified at NanoDrop 2000 spectrophotometer (Thermo Scientific).
cDNA synthesis was performed starting from 500 ng of total RNA, using PrimeScript RT Master Mix (Takara Bio

Inc.). The reaction was incubated at 37 °C for 15 min and inactivated by heating at 70 °C for 10 sec. cDNA was amplified
by Real-Time Quantitative PCR using the ABI PRISM 7500 (Applied Biosystems).

All PCR reactions were performed in a 20 pl volume. Each reaction contained 10 puL of 2x qPCRBIO SYGreen
Mix Lo-ROX (Pcrbiosystems), 400 nM concentration of each primer, and cDNA. Custom primers belonging to the
“Inflammatory Cytokines and Receptors” pathway were purchased from Sigma Aldrich. The selected genes grouped by
functional pathway are listed in Table I.

All experiments were performed, including non-template controls, to exclude reagent contamination. PCR was
performed, including two analytical replicates. The amplification profile was initiated by 10 minutes of incubation at
95°C, followed by two-step amplification of 15 seconds at 95 °C and 60 seconds at 60 °C for 40 cycles. As a final step, a
melt curve dissociation analysis was performed.
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Statistical analysis

The gene expression levels were normalized
to the expression of the reference gene (RPL13)
and were expressed as fold changes relative to the
expression of the untreated cells. Quantification was
done with the delta/delta Ct calculation method (17).

RESULTS

DPSC was treated with three different dilutions
of hyaluronic acid stock solutions (high, medium,
and low molecular weight) to establish the correct
concentration to be used in the treatment of cells
cultured in vitro. After 24 hours of treatment, cell
viability was measured using the PrestoBlue™
assay establishing that the optimal concentration
of the treatment that did not significantly affect
cell viability was 10 mg/ml for all three types of
hyaluronic acid.

Gene expression of genes belonging to the
“Inflammatory Cytokines and Receptors” pathway
was measured by Real-Time PCR in DPSC treated

Table 11. Significant gene expression levels after 24h treatment
with HMW-HA, as compared with untreated cells.

Gene Fold change SD (+/-) Gene function
CCL1 3.24 1.19 Chemokine
CCL2 0.41 0.05 Chemokine
CCL2D 0.40 0.08 Chemokine
CCL8 0.14 0.00 Chemokine
CXCL5 0.13 0.04 Chemokine
CXCL10 0.30 0.01 Chemokine
CCR2 0.14 0.00 Chemokine receptor
CCRS5 0.17 0.00 Chemokine receptor
CCR6 0.09 0.02 Chemokine receptor
CXCRS 0.23 0.03 Chemokine receptor
IL2 0.15 0.03 Interleukin
IL3 0.24 0.03 Interleukin
IL5 0.04 0.01 Interleukin
TNFRSF 0.22 0.04 Cytokine receptor
TNFSF11 0.26 0.01 Cytokine

with high, medium, and low molecular weight hyaluronic acid solution 10 mg/ml for 24 h hours. Table I shows significant
gene expression levels after 24 hours of treatment with high molecular weight hyaluronic acid (HMW-HA) compared to

untreated cells.

All the significantly deregulated genes, except the chemokine CCL1, were down-regulated in treated cells. Genes
were “Chemokine” (CCL2, CCL2D, CCL8, CXCL5, CXCL10), “Chemokine receptor” (CCR2, CCRS, CCR6, CXCRS5),
“Interleukin” (IL2, IL3, ILS5), “Cytokine” (TNFSF11) and “Cytokine receptor” (TNFRSF). Fig. 1 represents the gene
expression profile of treated stem cells compared with control (untreated cells).

High molecular weight hyaluronic acid (1800 KDa)

6,00

4,00

Fold change
N
8

0,00

Fig. 1. Gene expression profile of human DPSC treated with HMW-HA 10 mg/ml.
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Table III reported the significant gene
expression levels after 24h treatment with

Table II1. Significant gene expression levels after 24h treatment with

MMW-HA, as compared with untreated cells.

medium molecular weight hyaluronic acid Gene Fold change SD (+-) Gene function
(MMW-HA) compared to untreated cells. CoLL 0.09 0.01 Chemoki
The treatment induces the down-regulation . - emoxine
of genes belonging to “Chemokine” (CCLI, CCL2 0.21 0.01 Chemokine
CCL2, CCL2D, CCL8, CXCL5, CXCL10), CCL2D 0.49 0.02 Chemokine
“Chemokine receptor” (CCR1, CCR%, CCR4, CCL5 202 033 Chemokine
CCRS, CCR6, CXCRY), “Interleukin” (IL2 -
and ILS5), “Interleukin receptor” (IL1RN), CCL3 0.15 0.01 Chemokine
“Cytokine” (SPP1, TNFSF11) and “Cytokine CXCL5 0.22 0.02 Chemokine
receptor” (TNFRSF). Only three genes, the CXCL10 0.10 0.01 Chemokine
chemokine CCL'S apd the interleukins IL1A CCRI 0.19 0.02 Chemokine receptor
and IL6 were significantly up-regulated, as
shown in Fig. 2. CCR2 0.06 0.00 Chemokine receptor
Table IV reported the significant gene CCR4 0.10 0.03 Chemokine receptor
expression levels after 24h treatment with low CCR5 0.32 0.01 Chemokine receptor
lecul ight hyal ic acid (LMW-HA
molecularweight hyaluronic acid (L} ) CCR6 0.19 0.02 Chemokine receptor
compared to untreated cells. Significantly
up-regulated genes were chemokine CCL1 CXCR5 0.34 0.05 Chemokine receptor
and chemokine receptor CCR10, interleukins IL1A 2.57 0.01 Interleukin
ILlA,. IL5 and interleukin receptor IL6R, L2 021 0.06 Interleukin
cytokines SPP1 and TNFSF11. Conversely, -
among the down-regulated genes after IL5 0.18 0.01 Interleukin
treatment, there were chemokines CCL2 and IL6 3.70 0.14 Interleukin
CXCLI10, chemokin§ receptors CCR1 'and ILIRN 0.48 0.04 Interleukin receptor
CCR2, and mterle'ukm receptor ILR1. Fig. 3 SPP1 0.43 0.01 Cytokine
shows the expression profile of genes up-and :
down-regulated in stem cells treated with low TNFRSF 033 0.01 Cytokine receptor
molecular weight hyaluronic acid. TNFSF11 0.17 0.17 Cytokine
Medium molecular weight hyaluronic acid (250 KDa)
6
o 4
g
C
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0
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Fig. 2. Gene expression profile of human DPSC treated with MMW-HA 10 mg/ml.
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DISCUSSION

HA is a linear glycosaminoglycan
composed of alternating units of B-1,4-
bonded D-glucuronic acid and f-1-
3-bonded N-acetyl-D-glucosamine-
linked and synthesized by fibroblasts,
keratinocytes and endothelial cells (18).
It is the major structural component of the
extracellular matrix, involved in signaling
pathways, inflammation, wound repair,
and morphogenesis (3). Numerous studies
have highlighted how the physiological
properties of hyaluronic acid largely
depend on its molecular weight and ability
to interact with specific cell receptors (3,
19). High molecular weight hyaluronic
acid interacts with the CD44 receptor and
has antiangiogenic, immunosuppressive,
and anti-inflammatory effects (6). Low
molecular weight HA, in contrast, binds to

Table 1V. Significant gene expression levels after 24h treatment with

LMW-HA, as compared with untreated cells.

Gene Fold change SD (+/-) Gene function
CCL1 2.35 0.55 Chemokine
CCL2 0.21 0.04 Chemokine
CXCL10 0.17 0.04 Chemokine
CCR1 0.42 0.08 Chemokine receptor
CCR2 0.41 0.04 Chemokine receptor
CCR10 2.29 0.17 Chemokine receptor
ILIA 2.39 0.40 Interleukin
ILS 2.24 0.15 Interleukin
ILR1 0.48 0.13 Interleukin receptor
IL6R 2.03 0.36 Interleukin receptor
SPP1 2.97 0.27 Cytokine
TNFSF11 291 0.50 Cytokine

the toll-like rector (TLR) 4, an innate bacterial lipopolysaccharide (LPS) receptor, and possesses pro-inflammatory, pro-
angiogenic, and immunostimulating properties (20, 21).

In this study, we evaluated the correlation between HA’s molecular weight and physiological function by measuring
the expression of some inflammatory mediators, such as cytokines, chemokines, and interleukins, in mesenchymal stem
cells extracted from the dental pulp after 24 hours of treatment with HA.

Gene expression levels of genes belonging to the “Inflammatory Cytokines and Receptors™ pathway were measured
by Real-Time PCR. All the genes (except the cytokine CCL1) expressing pro-inflammatory mediators were significantly
down-regulated by treatment of cells with HMW-HA, confirming this polymer’s anti-inflammatory and restorative

activity at the high molecular weight.

Low molecular weight hyaluronic acid (10 KDa)

Fold change

4 o s o Sy X N
& & OV YoF e 8
Genes

Fig. 3. Gene expression profile of human DPSC treated with LMW-HA 10 mg/ml.
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Instead, treatment with medium and low molecular weight HA seems to confirm the pro-inflammatory and
immunostimulating properties exerted by low and medium molecular weight HA. Stem cells treated with MMW-HA
showed significant over-expression of pro-inflammatory interleukins such as IL1A and IL6; this trend becomes more
evident in the treatment with LMW-HA, where in addition to the overexpression of interleukins IL1A, IL5 and IL6, up-
regulation of cytokines SPP1 and TNSF11, were also observed.

Both medium and low molecular weight HA treatments induce significant over-expression of IL6. LMW-HA binds
to toll-like receptor (TLR) 4, activating nuclear factor kappa B (NF-«kB) via a myeloid differentiation factor (MyD) 88
dependent pathway leading to nuclear translocation of NF-«B to induce cytokine expression pro-inflammatory, such as
interleukin 6 (IL-6) (22). The results confirm the anti-inflammatory activity of high molecular weight HA and the pro-
inflammatory and immuno-stimulating activity of medium and low molecular weight HA.
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ABSTRACT

After a dental extraction, a variable amount of bone resorption of the residual ridge is observed quantitatively and
qualitatively. Alveolar Socket Preservation is a surgical technique that fills alveolar space with biomaterial to maintain
alveolar ridge volume for subsequent implant insertion. The purpose of this study is to histologically analyze the healing
process of the post-extraction alveoli in the upper jaws grafted with a new biomaterial. Five patients were enrolled in
the study, all female, non-smokers, with no periodontal disease or diabetes, and not on any medication. The five treated
sites were from three females mean age of 49 years. The two control sites were from two females mean age of 71 years.
Test alveoli were packed with decellularized, and antigen-free bovine bone processed at low temperature (RE-BONE®);
Ubgen, Padua, Italy) and then covered with a bovine-derived pericardium membrane (SHELTER® FAST; Ubgen, Padua,
Italy). At 4 months, surgery for implant insertion was scheduled, and sampling was carried out to obtain bone to be
histologically analyzed. The histomorphometric analysis showed an average increase of 6.3% of bone tissue in treated
samples compared to controls, but no statistically significant differences were obtained due to the high standard deviation
values. In our case series, the new biomaterial shows a good trend as regards the alveolar healing process. However, no
conclusion can be drowned due to the limited sample. Therefore, additional studies with greater sample sizes are needed
to obtain conclusive results.

KEYWORDS: bone, graft, alveolus, maxilla, upper jaw
INTRODUCTION

Alveolar bone is a “tooth-dependent” structure that develops during an eruption, its anatomy (height and thickness) is
determined by the formation/presence of the teeth and their axis of eruption.
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Scientific evidence has shown the dynamic change of the tissues after tooth extraction (1, 2). In the first phase after
tooth extraction, there is remodelling and resorption of the lingual and buccal walls due to the periodontal ligament’s lack of
nutritional support. Alveolar bone decreases by about 15% 6 months after extraction (3). Consequently, the size of the socket
is reduced both vertically and horizontally. This dimensional change can lead to aesthetic and functional disadvantages,
which reflect in a proper subsequent implant insertion. An adequate residual ridge width is one of the main prerogatives for
success in long-term implant therapy. In addition, adequate bone volume is required for good soft tissue support (4).

The percentage of alveolar resorption after a tooth extraction is more influenced by bone thicknesses that are greater on
the buccal side than on the lingual wall, and consequently, the greatest resorption is found vestibularly. This remodelling
occurs in both the lower and upper arches. The most significant contraction occurs during the first month and stabilizes
in six months (5).

Schropp et al. (6) studied cases and estimated a loss of ridge width of about 50% over a year. This study highlights the
importance of maintaining bone volumes after tooth extraction, especially when dealing with aesthetic areas.

Among the different approaches proposed in the literature to preserve the edentulous ridge, animal-derived biomaterials
associated with using barrier membranes were undoubtedly the most analyzed (7). The Alveolar Socket Preservation
Technique (ASPT) is a regenerative technique used to minimize the dimensional changes of hard and soft tissues after a
dental extraction (8).

ASPT inserts biomaterials in post-extractive alveolus in order to maintain the crest volume. In ASPT, the healing
process is similar to that of untreated alveoli (9, 10). The use of membranes to cover the grafted alveolus aim to maintain
the biomaterial in situ, or in an ungrafted site, to initially preserve the blood clot, thus excluding its colonization by
epithelial cells. Recently a new xenograft has been introduced in the market. The previous report showed that it positively
affects alveolus volume maintenance (11, 12).

Here a series of patients were enrolled to be treated with this new biomaterial to maintain crest volume. After 4
months, sapling was performed, and specimens were histologically analyzed to get more information as regards the
healing process.

MATERIALS AND METHODS

Five patients who underwent tooth extraction on the upper jaw were enrolled on the
study. The reasons for the dental extraction were vertical root fractures, destructive caries,
and endodontically non-retractable teeth. All patients were women without periodontal
disease or diabetes, non-smokers, and not taking medications such as bisphosphonates or
immunosuppressants. The five sites treated with the ASPT were from three patients with a
mean age of 49. The two control sites were from two subjects with a mean age of 71.

Surgical procedure

During extraction, an attempt was made to lift the flaps in the least invasive way
possible to preserve the alveolus bone from further resorption due to surgical exposure.
The alveolus was packed with decellularized and antigen-free bovine bone processed at
low temperature (RE-BONE®; Ubgen, Padua, Italy) and then covered with a bovine-
derived pericardium membrane (SHELTER® FAST; Ubgen, Padua, Italy). The two control
sites were treated with the same surgical procedure but without using biomaterials, and the
alveoli were left to heal spontaneously (Fig. 1-4).

. . . Fig. 1.  Pre-surgical
Compression sutures were performed in monofilament in e-PTFE (Gore-Tex®) and radiograph

removed after 10 days. An ice pack was maintained for a few hours. Anti-inflammatory
therapy with Nimesulide was prescribed as well as soft and cold diet for at least 2/3 days and rinses with Chlorhexidine
2/3 times a day for 15/20 days.

After fourth months, patients were scheduled for implant insertion. Before fixture insertion, sampling was
performed using a core drill with a diameter of 2 mm for a depth of 2 mm. The bone samples were placed in sterile and
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labelled blisters, immersed in formalin and subsequently sent to the laboratory for
histological examination.

Histological analysis

Specimens were treated with Osteosoft® to decalcify the bone samples fixed in
formalin. Samples were then embedded in paraffin. A microtome (RM2025 Leica
Instruments, Nussloch, Germany) was used to obtain a 5 pm thick section. These paraffin
sections, collected on a microscope slide, were deparaffinated, rehydrated, and stained with
Haematoxylin and Eosin.

After staining, the sections were dehydrated in alcohol, cleared in xylene, and
then preserved using a suitable mounting medium for morphological observations. All
reagents were obtained from Sigma-Aldrich.

Histological slides were scanned using an APERIO ScanScope slide scanner (Leica
Biosystems, Buccinasco-Milano, Italy), obtaining an image file with .svs (ScanScope
Virtual Slide) format for every sample. The .svs files were analyzed using a free
software program called ImageScope. The total area of the histological section was Fig. 2. Socket preservation
measured, as well as the areas occupied by bone and connective tissues. surgery

RESULTS

Fig. 5 shows histological pictures of test and control specimens. On the left are the areas limited by red and green
lines, which correspond to the total sample area and connective tissue area. The bone area is derived from the difference
between total and connective tissue areas. The length of the sample, the total area, and the percentage of bone and
connective tissues in the scanned histology slides were quantified by ImageScope software.
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Fig. 3. Cone beam performed after 4 months of socket pres-
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Table I reports the average values obtained by all specimens. In treated alveoli, there is an average increase of 6.3% in
bone area. Since the standard deviation is similar to the bone gain in the test sample, no statistically significant difference
was obtained.

CONTROL SAMPLE 20x image
scanned image analysis

Image
analysis

Bone
tissue

Connective
tissue

TEST SAMPLE
scanned image 20x image
analysis

Image
analysis

Connective
tissue

Bone
tissue

Fig. 5. Histological and histomorphometric image of a control sample and a test sample.
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Table L. Average values obtained in bone histomorphometry.

Average values
Age Length of samples | Analyzed area % bone % connective
Control samples | 71.0 3.4 (x£0.4) 4.2 (£2.3) 59.9 (+5) 40.1 (£5)
Test samples 49.0 3.8 (£1.94) 5.2 (£0.8) 66.2 (+4.96) 33.8 (+4.96)

DISCUSSION

ASPT is any procedure that takes place immediately after dental extraction to preserve the volume of the alveoli (13).
One of the major problems after the extraction of multi-rooted elements in the upper molar area is the loss and/or fracture
of the buccal cortex, which makes subsequent management of the implant/prosthetic case much more difficult (14).

Sisti et al. (15) reported that ASPT minimized resorption of the alveolar ridge and provided better regeneration results
in sites with buccal bone defects greater than 5 mm compared to the traditional regeneration procedure performed after
healing of the socket.

The detachment and careful removal of the granular tissue, combined with a minimally invasive extraction to reduce
trauma to the alveolar bone, is of paramount importance to obtain good results with ASPT (16).

The problem of the loss of the vestibular cortex can be attributed to various factors such as trauma, alveolar dehiscence,
fracture during avulsion manoeuvres and endodontic infections; to minimize the number of variables, patients without
periodontal disease were enrolled in the present study.

Until now, most human studies on ASPT focus on molars extracted for severe periodontitis (17, 18). For example, a
study by Rasperini et al. (19), conducted in the posterior area, reported only data for preserved alveoli with four intact
walls, while Zhao et al. (20) evaluated only sites in anterior areas.

Carmagnola and coll. (21) performed a study using Bio-Gide® and Bio-Oss® (Geistlich Pharma AG, Switzerland).
They divided patients into 3 groups and did histological examinations at 4-7-12 months. At 4 months, connective tissue
was present in the membrane graft group, and 40% of the newly formed bone was around the biomaterial.

Cardaropoli et al. (22), in a randomized study, showed that the ASPT group has a significant minor reduction in width
and height of the buccal bone crest with respect to the control group with the following values: 1.04 + 1.08 mm vs 4.48
+ (0.65 mm in with, and 0.46 £ 0.46 mm vs 1.54 + 0.33 mm in height.

Lee et al. (23) confirmed the potential of ASPT in areas where the vestibular cortex had been compromised. Tomasi
et al. (24) stated that if the buccal cortex maintained a thickness greater than 1 mm after extraction, ASPT is unnecessary,
while it is indispensable when the thickness of bone is lower.

Since a new biomaterial has been recently introduced in the marker and partially investigated (11, 12), we decided to
perform a study to evaluate histological healing of post-extractive sites in the upper molar region. Our results show that
in treated alveoli, there is an average increase of 6.3% in bone tissue. However, no statistically significant difference is
obtained since the standard deviation is as great as to the bone gain in the test sample.

CONCLUSIONS

Alveolar volume preservation is of paramount importance to have a subsequent proper implant rehabilitation. ASPT
is a well-known technique. In addition, various biomaterials are available on the market. Here we investigated a new
xenograft inserted in the upper molar area.

From a histological point of view, the healing process has a favourable course with slight increases in bone deposition
compared to untreated sites. However, no statistically significant difference was obtained due to the great standard
deviation. Furthermore, it is due to the small sample size. Therefore, we believe that additional studies with greater sample
sizes are needed to obtain definitive results.
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ABSTRACT

Among the causes of chronic low back pain (LBP), vertebrogenic pain is frequently underestimated. A significant source
of LBP is vertebral endplate degeneration, characterized by cortical bone damage and subchondral bone inflammatory
reaction. The nerve responsible for pain transmission is the basi-vertebral nerve (BVN). Radiofrequency ablation of the
BVN (BVA) leads to thermal injury of nerve tissue and interruption of chronic vertebrogenic pain transmission. The aim of
this study is to evaluate the effectiveness, in terms of pain and disability reduction, of percutaneous BVA in the treatment
of patients affected by vertebrogenic chronic LBP. A second aim is to assess the feasibility and safety of a percutaneous
CT- guided technique. We performed percutaneous CT-guided BVN ablation in 56 consecutive patients presenting with
vertebrogenic chronic LBP in local anaesthesia using an articulating bipolar radiofrequency electrode. In order to assess
the target success of the procedure, a one-month follow-up MRI was performed to evaluate the ablation area. Three
months later, a CT study was performed to evaluate bone mineral density to exclude structural bone abnormalities that
the treatment might have induced. Pre-and post-procedure pain and disability levels were measured using the visual
analogue scale (VAS) and Oswestry disability index (ODI). A 10-point improvement threshold was set as a clinical
success for the ODI score, and a 2cm improvement threshold was set as a clinical success for the VAS score. VAS and
ODI scores decreased significantly compared to baseline at 3- and 12-month follow-ups. Clinical success was reached in
54/56 patients (96,5%) for pain and 54/56 patients (96,5%) for disability, exceedingly the “minimum clinically important
difference”. CT-assisted targeting of the ablation zone was determined successfully in all patients. The mean operative
time was 32 minutes. No immediate or delayed complications were detected. Percutaneous CT-guided intra-osseous
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BVA seems to be a safe, fast and powerful technique for pain relief in patients with vertebrogenic chronic LBP when the
selection of patients is based on a multidisciplinary approach including both conventional nuclear medicine imaging and
diagnostic radiology.

KEYWORDS: pain, spine, disc, ablation, nerve
INTRODUCTION

Vertebral endplates are a significant source of lower back pain (LBP): the correlation between vertebral endplate damage
with a subchondral bone inflammatory reaction, generally identified as “Modic changes”, and LBP has been extensively
investigated, and the pathological basis of vertebrogenic LBP in patients with Modic changes yet established (1-6).

The nociceptive role of the basi-vertebral nerve (BVN) is supported by histologic, anatomic and immune-histochemical
evidence in the pathogenesis of LBP in patients with Modic type I change: Fras et al. (7) and Bailey et al. (8) identified
in the BVN as the source of the intraosseous nerves. The BVN enters the posterior vertebral body via the basivertebral
foramen and arborizes near the centre of the vertebral body, receiving branches innervating all the cancellous bone and
the superior and inferior endplates (caput medusae). Findings prove that these nerve endings proliferate in damaged and
degenerated endplates and are more numerous than in normal intervertebral space and disc (9). Fras et al. also reported
on the presence of Substance-P within the BVN, concluding that these nerves can potentially transmit pain signals from
the vertebral endplates (7).

Radiofrequency (RF) ablation of the BVN is a potential technique for treating vertebrogenic LBP, for it interrupts
pain transmission from vertebral endplates. This treatment generates definitive thermal damage of tissue proteins within
the coagulation zone adjacent to the conducting region of the RF probe. Histologically this area is characterized by
the embolization of blood vessels, the disintegration of neural tissues and the Wallerian degeneration of nerves (10).
Coagulation is surrounded by a secondary zone of hyperemia, where there is a local release of inflammatory factors,
oedema, and changes in blood flow (11). In the post-op MRI scan, the lesion presents the so-called “bull eye appearance”
with two concentric zones on T2-weighted images: a central hyper-intensity area surrounded by a hypo-intense rim.
After 12 months of ablation, histological studies from animal model demonstrated: hematopoietic marrow in the zone of
coagulation replaced by viable fat; new bone growing on preexisting trabeculae, without evidence of avascular necrosis;
rudimentary blood vessels and nerves development at the coagulation zone periphery (12).

Regarding the duration of BVN radiofrequency, its outcome is expected to be long-lasting since the BVN does not
appear to regenerate spontancously: the extent of the thermal injury, combined with the intrinsic anatomical characteristics
of the BVN, which is non-myelinated, could explain permanent nerve destruction (13, 14).

The present study aims to evaluate the effectiveness, in terms of pain and disability reduction, of radiofrequency
ablation of the BVN (BVA) in the treatment of patients suffering from chronic vertebrogenic LBP. In addition, as a
secondary endpoint, the purpose was to assess the feasibility and safety of a percutaneous CT- guided technique.

MATERIALS AND METHOD

Patients with chronic LBP were enrolled; all presented failure of at least 6 weeks of conventional conservative therapies.
Exclusion criteria were radicular pain, symptomatic spinal canal stenosis, hemorrhagic diathesis, local or systemic infection
and poor compliance. Patients signed informed consent as regards diagnosis, treatment, and scientific purposes.

Based on clinical examination, patients with suspected vertebrogenic LBP underwent conventional lumbar MRI study,
including axial and sagittal T1-SE, T2-FSE and T2-STIR weighted images. Patients with MRI signs of subchondral
bone inflammatory reaction Modic type I or mixed Modic type I and II underwent lumbar bone SPECT/CT. Patient with
evidence of focal vertebral body uptake on SPECT/CT imaging underwent CT-guided medial branch block (MBB) to
exclude chronic Facet Joint Syndrome (FJS) with an injection of 1 cc of lidocaine in the area of the zygapophyseal nerve
at the presumed level, bilaterally. Patients who did not perceive pain relief after lidocaine MBB were finally considered
eligible for percutaneous CT-guided BVA for a total of 56 patients (22 males and 34 females; median age 43 years old,
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age range 38-52 years): 18/56 patients had 1 segment affected (6 patients L4; 9 patients L5; 3 patients S1), 38/56 patients
had 2 segments affected (13 patients L3-L4; 14 patients L4-L5; 11 patients L5-S1).

All the patients presented disc degeneration classified according to Pfirrmann’s grading of lumbar disc degeneration
(15); 23/56 with Grade IV; 33/56 with Grade V.

Pre-operative pain intensity was rated by the Visual Analogue Scale (VAS) scale, consisting of a 10cm straight line with
defined endpoints (“no pain” and “worst pain imaginable’”) on which the patients were asked to mark their experienced
pain at the actual time (“VAS now”). The VAS is a validated clinical instrument with a high degree of reliability. The
Oswestry Disability Index (ODI) score was used to rate the pre-operative back-related disability. ODI is a validated scale
of ten questions designed to assess pain intensity and activities of daily living. A 10-point improvement threshold was set
as a clinical success for the ODI score, and a 2cm improvement threshold was set as a clinical success for the VAS score.
These values correspond to the commonly accepted “minimum clinically important difference” in treating chronic LBP
(16, 17). Repeat VAS and ODI measurements were performed at the 3- and 12-month follow-ups.

We performed BVA in 56 consecutive patients by a fully percutaneous procedure using a unique bipolar radiofrequency
system with an articulating electrode (STAR®, Merit) which contains two thermocouples embedded along the length of
the probe for real-time assessment of the ablation zone size. The proximal thermocouple represents the temperature at the
outer margin of the ablation zone. The articulating electrode permits transpedicular access and navigation to the desired
location within the vertebral body once beyond the pedicle body junction. With the patients in a prone position on the
CT table, 5.0 cc of lidocaine was injected using a 20G spinal needle to obtain local anaesthesia into deep muscle tissue
and the periarticular area; using a 10G coaxial needle, a unilateral transpedicular approach was employed to access the
vertebral body. In order to prevent thermal injuries to the spinal cord and nerve roots, the distal tip of the access needle
was deployed 1cm anterior to the posterior wall of the vertebral body. This location corresponds to the outer margin of the
ablation area. The coaxial bone biopsy needle is then introduced, obtaining a bone specimen. An articulating osteotome
was then inserted to create a preferential path for optimal positioning of the articulating ablation electrode. The centre of
the ablation zone, the radiolucent region of the electrode, was then positioned in the centre of the vertebral body, where
most vertebral body nerves cluster. After placing the electrode at the targeted location, thermal ablation was performed

Fig. 1. 66 years male with chronic LBP for 3 years. SPECT-CT on axial, sagittal and coronal recons. Bone scanning
clearly depicts severe Tc99 uptake at the L4 and L5 vertebral bodies, confirming the presence of aseptic spondylodiscitis
related to chronic mechanical trauma, presumably secondary to disc degeneration.
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using the RF generator until the distal thermocouple reached 55°C-70°C, generating a 15 to 20 mm large ablation zone
with a core temperature of approximately 77°C; the RF delivery automatically stopped when the proximal thermocouple
reaches 50° C (Fig. 1). The electrode and coaxial needle were then removed, and a post-operative CT performed.
Conventional non-enhanced MRI follow-up studies were performed one month after the procedure, checking for signal
abnormality at the level of the endplates and the adjacent intervertebral discs. At the 3-month CT follow-up study, a 0.5
cm? “region of interest” (ROI) analysis of the cancellous bone before and after RF ablation was also performed, as well as
a comparison between ROI values of the ablated area and the normal non-ablated area in the same vertebral body.

RESULTS

All 56 patients well tolerated the procedure, and no analgo-sedation was necessary. The mean operative time was
approximately 32 minutes (range 28-37minutes), with an active ablation time of 5 minutes maximum. No complications
occurred at the immediate post-operative CT control scan and the one-month MRI and three-month CT follow-up.
Targeting the ablative area was successful in 100% of patients, which consistently included the central portion of the
vertebral body along the midline to ensure the BVN ablation. Twelve-month VAS and ODI scores decreased significantly
compared to baseline. VAS mean change was -4.3cm (range was -7.5 to -1cm). Clinical success (defined as at least
-2.0cm) was achieved in 54/56 patients, in which VAS decreased more than 3.0cm. ODI score meant a change was -32.4
points (range was -6 to -42). Therefore, we decided to evaluate as “clinical success” at least -10 points. This result was
achieved in 54/56 patients (96,5%), whose ODI score decreased by more than 20 points. MRI follow-up at 1 month
precisely depicts the area of ablation: the centre of the ablated area showed high signal intensity on T2-weighted
images, presumably related to a small area of tissue colliquation and necrosis, and a large low signal intensity area,
with a concentric reduction in signal intensity, was found both on T1- and T2 weighted scans, related to bone thermal
coagulation (Fig. 2). No abnormal signal intensity at the level of adjacent endplates and discs was detected on 1-month
MRI follow-up study, excluding presumed vascular damage to the vertebral unit: the endplates remain hypointense on
all the sequences, excluding vascular damage or inflammatory-induced reaction at 1 month. No damage was also noted
at the level of the disc, both the annulus and the nucleus pulposus.

On the pre-op CT scan, a 0.5cm? ROI was placed before treatment on the area to be ablated and the peripheral bone
area as an internal control value. This measure was repeated in the same area 3 months after the treatment. Before the
treatment, the ROI value of the central core of the vertebral body (the target of the planned RF ablation) was 95.6
Hamsfield Unit (HU — mean value), almost identical to peripheral bone (mean value of 97.3 HU). The 3-month CT
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Fig. 2. 66 years male with chronic LBP from 3 years. Sagittal TISE scan (A) and sagittal T2STIR (B) images. On MRI
a mixed type I and I Modic degeneration can be appreciated at the level of the subcondral somatic bone at L4 and L5,
in correspondence to the focal pain referred.
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study demonstrated that the mean bone density value of the ablated area significantly increased to a mean value
of 150.9 HU (+57%), while the ROI value of the peripheral cancellous bone area, adjacent to the ablation was not
significantly modified (mean value was 96.5HU).

DISCUSSION

The literature shows that Modic changes play an important role in the etiopathogenesis of nonspecific chronic LBP
patients (18). Modic type I changes are indicative of oedema and inflammation, the pain being generated by Tumor
Necrosis Factors (TNF) release and Protein Gene Products (PGP) (19). In contrast, Modic changes type II are related
to bone marrow fatty degeneration, and Modic type III represents sclerosis only as the final evolution of the chronic
inflammatory disease. Modic type I changes have a stronger association with pain than Modic II since pain decreases as
Modic type I turns into Modic type II (4). Subchondral signal abnormalities represent a dynamic process. Modic type
I often converts to Modic type II, but in some cases, lesions can become more extensive or remain unchanged (20-23).
Modic type II changes seem to be much more stable, even if there is also some evidence that they may be unstable and
change back into type 1 lesions (20-23).

Unfortunately, Modic changes are not an independent and reliable predictor of vertebrogenic chronic LBP and, as for
several degenerative changes, are frequently demonstrated on MRI scans in asymptomatic individuals. There is no direct
correlation between the size of the Modic type I lesion, clinical presentation, and relevance of LBP or whether recent
Modic changes are more symptomatic than longer-lasting ones. Any relationship between symptoms and the duration of
such subchondral signal changes remains unknown.

In our study, to confirm the source of chronic LBP in patients with suspected vertebrogenic pain, all participants
underwent a SPECT/CT examination (Fig. 3). Bone SPECT/CT is an extremely powerful hybrid imaging system, where
SPECT data are merged with conventional CT scans acquired in the same camera. Data from the two modalities are
complementary and allow precise localization of the anatomical location of abnormal bone inflammation (24). One of the
main advantages of bone SPECT/CT remains the extremely high sensitivity with bone abnormalities becoming apparent
earlier than with MRI, CT or any other conventional radiological study. Another SPECT-CT advantage is the capability
to image the entire body. Despite the high sensitivity, low SPECT-CT specificity is to be identified as the main drawback:
the bone uptake of the tracers, which are usually bisphosphonates labelled with technetium 99m, depends on osteoblast
activity and the bone remodelling rate. Therefore, binding is not specific to a specific disease. Consequently, a reliable
diagnosis is generally the result of a comparative analysis of CT, MRI and bone scanning (25).

Fig. 3. 66-year-old male with chronic low back pain for 3 years. Basivertebral nerve ablation. CT-guided treatment
was performed introducing a steerable radio-probe with a transpeducolar approach inside L4 and L5, reaching the
midline at the junction of the anterior 2/3 and posterior 1/3, exactly at the level of the basivertebral nerve rising area.
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In a previous Russo et al. (24) study, the correlation between bone SPECT/CT and Modic changes was investigated.
A high positive correlation was found between Modic changes on MRI and increased metabolic activity on bone SPECT/
CT imaging. In particular, Modic change type I was the best binary predictor for positivity on bone SPECT/CT. Results
showed high metabolic activity in 96.1% of endplates in patients showing Modic type I changes on MRI, 77.8% in cases
of Modic type II changes, and only 56% in cases of Modic type III changes. These data suggest that in patients with
suspect vertebrogenic pain who might benefit from BVA, the use of bone SPECT/CT compared to conventional MRI for
proper selection of patients is a key factor in explaining the high percentage of clinical success obtained.

There are several studies about BVA for the treatment of chronic LBP. However, in all of these studies, the patient
selection was made based on MRI imaging only, and results were significantly lower when compared to treatment based on
SPECT-CT (24-26).

Moreover, all the BVA treatments in our study were performed using a navigational bipolar RF probe, and CT-guided
technique with simultaneous 3D reconstructions obtained intra-operatively so that the best trajectory to the target area in
the centre of the vertebra was easily achieved in all cases. Use of a navigational and steerable RF probe permitted safe
transpedicular access, trajectory modification once past the pedicle body junction, an action required to reach the target
area, and complete ablation of the nerve, reducing the risk of adverse events such as breaching of the pedicle wall and
accidental radicular neurovascular thermal injury.

Another issue was the risk of possible damage induced by RF heating transmitted to the peri-ablative area cancellous
bone, the endplates and the adjacent disc. For this reason, a 1-month MRI follow-up study and a 3-month CT study were
always performed on our population. On the MRI scan, no signal abnormalities were observed at the level of the bone
far from the ablated area, the endplates or the adjacent discs, apart from areas through which the probe passed and the
target ablation zone. The presumed treatment-related effect on bone integrity was also evaluated by comparing bone
mineral density before and 3 months after the procedure: no weakening of the bone was observed. In addition, the results
demonstrated sclerosis with an increased bone density of the treated area (+55%) compared to the rest of the vertebral
body; this was presumably a result of sclerotic changes induced by the ablation.

All the patients well tolerated conscious sedation using opioids. This technique also reduced any complications related
to general anaesthesia.

CONCLUSION

In conclusion, vertebrogenic pain is one of the most frequent and frequently underestimated causes of chronic
LBP. The diagnosis cannot rely on CT and/or MRI images alone. Fundamental functional imaging dependent on the
metabolic bone activity and SPECT-CT should be considered to increase appropriate patient selection for BVA treatment.
Percutaneous CT-guided intra-osseous BVA appears to be a safe, fast and powerful technique for pain relief in patients
with vertebrogenic chronic LBP when the selection of patients is based on a multidisciplinary approach, including both
conventional diagnostic radiology and bone scanning imaging.
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ABSTRACT

In 1908, Alban Kohler was the first person to describe the condition now known as Kohler’s disease, which is avascular
necrosis of the navicular bone in the foot. Kohler’s illness is a condition that only affects children and young adults. The
navicular bone’s pressure before its ossification is assumed to be the root cause of the condition, although its genesis is
not completely understood; this results in blood flow irregularities, leading to avascular necrosis. Males between the ages
of 4 and 7 are more likely to be affected by Kohler’s disease. In most cases, Kohler’s disease affects only one side of the
body; however, one study indicated that 25% of cases of Kohler’s disease affect both sides of the body. Patients will often
appear with symptoms including pain on the medial side of the foot, inflammation on the medial foot, and/or a limp. On
plain films, the navicular will exhibit typical signs of avascular necrosis, such as sclerosis, disintegration, and flattening
of the bone. This condition is caused by the death of blood vessels. The prognosis is very favorable for patients with the
self-limiting syndrome known as Kohler’s disease. There have been no examples of Kohler’s disease that have developed
into long-term clinical or radiographic problems recorded.

KEYWORDS: Kohler’s disease; rare bone condition; avascular necrosis
INTRODUCTION

Kohler’s disease is an extremely rare bone condition of the foot that affects children. It is thought that the application
of stress-related constriction may cause the condition during a crucial period of the person’s development. The limping
characteristic of the condition is brought on by swelling and pain in the foot (1). Children between three and seven are
most likely to be affected, and boys are five times more likely to be affected than girls. Because the condition only affects
one foot at a time, children who have it often walk on the side of their affected foot. The condition seems to go away on its
own as children mature, and the bones that are afflicted typically regain their size, strength, and form within three months.
Sometimes, patients report symptoms that continue for as long as two years (2).

In 1908, Alban Kohler’s was the first person to describe the condition now known as Kohler’s disease, which is
avascular necrosis (AVN) of the navicular bone in the foot. The Kohler’s illness is a condition that only affects children
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and young adults. The soreness runs particularly down the length of the foot’s arch (3). There is a possibility that the
affected region will become red. It is difficult to put weight on foot or walk, which causes more agony and a limp. As a
result of an interruption in blood flow, the navicular bone gradually deteriorates. However, in a relatively brief period, the
bone will heal independently.

In most cases, patients will only experience moderate symptoms and may not receive therapy until the swelling and
pain have lasted for an extended period. It is not known for certain what triggers Kohler’s sickness. Some orthopedic
professionals believe that Kohler’s disease may be linked to an injury that occurred in the region surrounding the navicular
bone in the foot. They also believe that the condition may be the result of delayed bone ossification. Ossification of the
skeleton typically begins between the ages of 18 and 24 months in females and between 24 and 30 months in males (4).
There is a possibility that an increase in the ratio of collagen to the bone will lead to structural weakening. Because it is
an integral part of the mechanism, such as articulation, that allows the foot to move, the navicular bone is vulnerable to
the weight-bearing strains and stresses that are associated with turning and twisting (5).

Under typical conditions, the navicular bone is supplied with blood by a vasculature, which then serves as the origin
for smaller arteries that deliver blood to the areas of the growing bone. When a child is between the ages of 4 and 6,
additional blood arteries begin to reach parts of the growing bone that require an increased blood supply. If ossification is
delayed and the infant experiences weight gain, this can cause the blood vessels to become compressed, which can lead
ischemia and then death of tissue (6). Although it has been hypothesized that genetics may play a role in the progression
of Kohler’s disease, research has not been successful in identifying a particular gene that is connected with this condition.
Kohler’s disease manifests itself in young males around one year after it has developed in young girls. This is because
the Kohler’s disease target, the center of bone formation, emerges in young girls. It is estimated that fewer than 2% of the
population have the disorder (4).

Epidemiology and etiology

Due to the fact that not all patients suffering from Kohler’s disease exhibit symptoms, the prevalence of this condition
are not thoroughly established. The prevalence of Kohler’s illness among children is approximately 2%. Kohler’s illness
is observed more frequently in children between the ages of 4 and 7 years old, and it is five times more likely to impact
males than it is to affect females (7).

Pressure on the navicular bone before its ossification is assumed to be the root cause of the condition. This results in
blood flow irregularities, leading to AVN. In most cases, Kohler’s illness affects only one side of the body; however, one
study indicated that 25% of cases of Kohler’s disease affect both sides of the body (8). Patients will often appear with
symptoms, including pain on the medial side of the foot, edema on the medial foot, and/or a limp. On plain radiographs,
the navicular will exhibit typical signs of AVN, such as sclerosis, disintegration, and flattening of the bone. This condition
is caused by the death of blood vessels. The prognosis is very favorable. There were no examples of Kohler’s illness that
have developed into long-term clinical or radiographic problems that have been recorded (9).

Histopathology

A bone biopsy is not required to make a diagnosis of Kohler’s disease, and it is not suggested for making the diagnosis
unless it is necessary to rule out the presence of infection or cancer in the patient. Kohler’s disease looks pretty similar to
other kinds of AVN histopathologically. Dead cartilages distinguish AVN with empty lacunae that are stained more deeply
than healthy bone. This is the predominant histologic hallmark of this condition. The lacunae will become more cystic and
have an expanded appearance. It has been discovered that the bone marrow is a more sensitive sign of AVN than the bone
body, displaying fat necrosis and calcifications. Patients frequently report concerns regarding dorsomedial midfoot pain
when they visit their pediatricians. During the examination, the doctor may find that the patient has point discomfort over
the navicular in addition to or instead of redness, heat, and inflammation. If the patient is asked to walk, they may have
antalgic limps categorized by walking on the left side of their ankle (10).

When it comes to making a diagnosis of Kohler’s disease, plain radiography pictures are the imaging modality of
choice. As a result of the bone collapse, the navicular will appear like a wafer. The bone will have a fractured appearance,
and the trabecular structure will be absent. Patchy sclerosis of the bones and an enhanced radiodensity are both things that
will occur. Soft tissue enlargement can also be observed on computed tomography, which is occurring surrounding the
damaged navicular bone. Advanced medical imaging techniques such as CT and MRI are not essential for identification;
nevertheless, in the event that the patient’s condition does not improve in response to treatment, these techniques may
be needed to define diagnosis and follow-up patient. It is essential to connect radiographic observations with clinical
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suspicions, even if navicular sclerosis could be consistent with a normal variation in patients presenting. When an infection
is suspected, routine laboratory tests must be performed. These tests include a complete blood count, C-reactive protein,
and erythrocyte sedimentation rate. If any of the following are elevated, an additional test must be done (11).

Diagnosis

In children, Kohler’s disease is frequently misdiagnosed as osteomyelitis. However, standard laboratory tests will be
able to assist in distinguishing between the two pathologies. When a child has a high erythrocyte sedimentation rate or
C-reactive protein level, there ought to be a high index of suspicion that they have an infection. Inflammatory markers
will not be increased in a patient with Kohler’s disease, and increased inflammatory indicators should not be present
in a pediatric child (12). In the event that it is thought that an infection is present, it may be necessary to do a bone
aspiration, a bone biopsy, or blood cultures. The outlook for patients suffering from Kohler’s illness is very favorable, and
up to this point, there were no reports of any long-term symptoms or disabilities in Kohler’s disease patients who were
children. Approximately six to forty-eight months after the onset of symptoms, radiographs will begin to show signs of
improvement. In the absence of casting, symptoms normally disappear within six to nine months. Patients treated with
plaster casts (non-weight bearing) were pain-free after an average of three months. Although arch support orthopedics
reduced local discomfort, researchers discovered that the symptoms persisted for an average of seven months (13, 14).

Treatment and management

Patients should be referred to a pediatric orthopedic surgeon for further assessment if there is even a remote possibility
that Kohler’s disease is present. Kohler’s disease is managed with a cautious approach to therapy (15). Non-steroid
anti-inflammatory drugs can help reduce the severity of symptoms, but there is no evidence that they can speed up
the resolution of illness symptoms. Patients can have their symptoms reduced in duration by having their lower legs
restrained in a walking cast for a period of four to six weeks. It is difficult to determine the effect of weight-bearing casting
as opposed to non-weight-bearing casting, and the outcome is frequently reliant on the surgeon. There have been some
accounts of people utilizing offloading orthotics for symptomatic alleviation; however, it does not appear that orthotics cut
down on how long people deal with their symptoms. Therefore, there is no justification for surgery for Kohler’s disease.
If the patient’s symptoms do not begin to improve, the doctor needs to examine other potential diagnoses. In about six
months, we should see indications of improvement in both the radiography and the symptoms (13).

The disorder is typically managed with restraint and close monitoring in most instances. No long-term radiological or
clinical signs of Kohler’s illness are recorded in the medical literature, indicating that individuals with Kohler’s disease
have an excellent safety profile.

CONCLUSION

Kohler’s disease affects children. The pressure of the navicular bone before ossification is suggested to cause it.
Blood flow anomalies cause AVN. Kohler’s illness affects 4 to 7-year-old boys, and 20% of Kohler’s disease cases are
bilateral. Medial foot soreness, edema, and limping are common symptoms, and the navicular demonstrates sclerosis,
disintegration, and flattening on plain films. Kohler’s disease has a good prognosis. There have been no known cases of
Kohler’s illness generating primary care physician or radiographic problems.
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ABSTRACT

Osteogenesis imperfecta (OI), sometimes called brittle bone disease (BBD), is an inherited genetic illness marked by
extreme bone fragility or brittleness. Families can pass on the BBD to their offspring. A mutation in the gene that produces
collagen causes it. When type I collagen levels are lowered, bones become brittle and more vulnerable to fractures.
BBD types II, III, and IV results from mutations in the COL1A1 and COL1A2 genes. Osteoid synthesis is typically
inadequate due to abnormalities such as reduced collagen type I production or aberrant collagen secretion. As a result,
both intramembranous, as well as enchondral ossification are impacted. The usual histological features are a large, uneven
physics with disordered proliferative and hypertrophy zones and a calcified thinning zone. Other features include sparse
spongiosa, bone resorption, and accelerated bone turnover. For the development and evaluation of treatment in people
with heritable illnesses, a thorough clinical description containing the knowledge of precise molecular genetic actiology is
the starting point. This article aims to cover the histology, diagnosis, and therapy of three types of BBD to make it easier
to assess the situation and suggest fresh alternatives to surgery.

KEYWORDS: Brittle bone disease, Osteogenesis imperfect, clinical manifestation, bone, resorption, fracture
INTRODUCTION

Brittle bone disease (BBD), also known as osteogenesis imperfecta (OI), is a genetically inherited condition
accompanied by high bone brittleness or fragility. BBD is transmitted via families. It is triggered by a mutation in a gene
that makes collagen. Bones become brittle and more prone to fractures when type I collagen levels are reduced. BBD
types II, III, and IV are caused by mutations in the COL1A1 and COL1A2 genes. These polymorphisms often alter the
sequence of type I collagen subunits, leading to aberrant type I collagen. Although a child can inherit this gene from both
parents, most infants with BBD only inherit it from one. The genetic variant can occasionally arise as a fresh mutation (1).
Clinical characteristics are typically used to distinguish between four main categories. Patients with type I have a
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moderate presentation and frequently are of higher average age, while type Il is typically fatal during the prenatal period.
In children who survive the newborn period, Type 111 is by far the most severe kind. These individuals have an identifiable
phenotype that includes multiple fractures, short height, anomalies of the growth plate, and developing limb and spinal
deformities. Type IV patients are those with mild to severe phenotypic who do not fall into one of the abovementioned
groups. It is evident that this is a diverse set of illnesses, and some type IV patients exhibit characteristics that contradict
the Sillence categorisation (2). A hyperplastic callus is one of these characteristics, and it can develop following fractures
or reconstructive surgery. Hyperplastic callus usually manifests as a warm, severe, and firm swelling over the damaged
bone, which may imply a differential diagnosis with sarcoma and inflammation. Excessive formation of poorly structured,
partially calcified extracellular matrix is visible at the microscopic level. The shape and size of the callouses may stay
constant for several years after a phase of fast growth (3).

Other symptoms include dentinogenesis imperfecta, blue sclerae, small height, and adult deafness. Aortic root
enlargement and valvular insufficiencies have also been reported. Some milder signs are generalised flexibility, easy
bleeding, hernias, and excessive sweating. Clinical signs range from moderate, completely asymptomatic type to most
severe variants, which involve infants arriving with crumpled bones, a fragile skull, and lengthy bone fractures inconsistent
with life, leading to neonatal mortality (4).

Epidemiology

BBD is thought to occur in about 1 out of every 20,000 births. BBD is thought to be prevalent across the United
States at a rate of 20,000-50,000 people; this makes it an orphaned disease, that is, one that only affects 200,000
people or less in the United States (5). According to reports, there are 2.35 to 4.7 cases of type I OI per 100,000
people worldwide. Type II OI is reported to occur between 1 in 40,000 and 1.4 in every 100,000 live births. Even
though the prevalence is significantly less frequent than type I, the precise incidence of kinds III and IV OI is
unknown. Congenital A (19%), congenital B (31%), tarda A (25%) and tarda B incidence rates were roughly 25%
in Shapiro’s study (6).

Pathophysiology

A quantitative reduction in the number of structural, normal type I collagen can be brought on by frameshift mutations
(which involve a premature termination codon in the afflicted allele). Heterozygous for this syndrome, a patient may
produce half as much type I collagen as is typical. PLS3/ AD, COL1A1 and COL1A2 / X-linked mutations are involved.
As an alternative, alteration in the form of substitutions or deletion in the polypeptide chain containing a glycine peptide
sequence might lead to the formation of collagen that is structurally or quantitatively aberrant or less effective. Whether
glycine is substituted at the carboxy-terminal (extreme condition) or amino-terminal (mild version) of the protein
molecules determines the phenotypic variation of these abnormalities (7).

Due to the triple helix’s starting to cross-link at the carboxy terminus of polypeptide chains, mutations at the carboxy
end of the peptide may be more harmful. These patients experience more severe skeletal symptoms than those who have
haploinsufficiency abnormalities. Mutations cause haploinsufficiency abnormalities at glycine sites that alter the integrity
of collagen strands, a defect frequently found in types II, III, and IV (7). Type II (perinatal) Mutations are COL1A2,
AD, CRTAP, AR / COL1A1, PPIB, LEPREI1, and BMPI1. In type III (progressively deforming) are AD, COL1A2,
AR / COL1A1, CRTAP, PPIB, LEPRE1, FKBP10, SERINF1, SERPINHI, and WNTI. In type IV (moderate) are AD,
COL1A2, CRTAP, AR / COL1A1, SP7, FKBP10, WNT1, SERPINF1, and TMEM38B. Calcification of interosseous
membrane or hypertrophic callus-type V has mutations found in AD / IFITMS5 (8, 9).

Diagnosis

A relatively low stature does not rule out the diagnoses in type I OI because patients frequently have normal statures.
Type I OI is not the same as mild OI. People may experience a few or no fractures, typically in the first few years of
their lives, or many fractures throughout their lifetimes. Their faces could be triangular. They have complete mobility
and no lengthy bone bowing, yet they could have osteoporotic fractures. Most people have blue sclera, although it can
also be white or lose its blue tint with age. It is an autosomal dominant feature passed down from parent to child (10).
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The apparent lack of relevance of bone density in individuals with OI is highlighted by the fact that bone density can be
extremely low even in the lack of fractures and has no link to clinical severity.

In many cases, bone density is typical during the first few months of birth, and their ability to enhance bone mineral density
declines as they age. Sometimes the diagnosis is a chance discovery following a fracture. Even in very mild cases, dentinogenesis
imperfecta may exist. These people may have early hyperacusis, cardiac problems, and aortic valvular diseases (11, 12).

Patients with type IV are often diagnosed based on their small stature, lengthy bone bending, and spinal fractures. In
addition, there could be joint slackness and scoliosis. Patients with this type of OI can typically ambulate; however, they
might need assistance when walking. The sclera in these patients is white. Because the clinical symptoms of this kind
of OI are not well described in the literature and because different centres use different diagnostic standards, accurate
identification is frequently challenging (13). Due to their larger heads and underdeveloped facial bones, these individuals
have triangle faces. They also have significant long bone malformations, vertebral injuries, chest abnormalities, and
scoliosis. They are also noticeably low in stature. Despite some of them being capable of walking with assistance, they
typically use a wheelchair. Ultrasonography can occasionally be used to make difficult prenatal testing. A “popcorn look”
is a unique structural modification of the metaphyses and epiphyses of long bones caused by altered growth circular
plates. Respiratory problems in severe cases may make survival riskier (14).

Most infants with this type of OI do not survive the prenatal period. The central nervous system’s abnormalities
or haemorrhages, the ribs’ severe brittleness, or pulmonary hypoplasia are all potential causes of death. In addition,
the infants have numerous intra-uterine fractures, including injuries to the skull, bony protrusions and vertebra, beaded
sternum, and significant long bone deformity. It is typically impossible to differentiate between severe and deadly OI
during pregnancy. In really severe circumstances, birth might result in dismemberment. Most cases include autosomal
dominant novel mutations. It has been hypothesised that deadly OI may come in various clinical presentations. Despite
the severity, some individuals have endured it for a long time (15).

Histopathology

Lamellar on woven bone synthesis is demonstrated as a compel self-assembly system and bone synthesis having
followed the normal developmental pattern, but showing factor delay in growth and development caused by missense
mutation or insufficient quantities of the collagen matrix, according to explanation in the context of woven to membranous
bone growth by mesenchymal and surface osteoblasts, respectively (16). The more extreme the BBD variety, the more
persistent the woven bone is and the more immature the morphological pattern is. Once a minimum accumulation
for an acceptable framework of woven bone has been achieved, the pattern changes to a structurally firmer lamellar
configuration. Lethal perinatal variants are characterised by woven bone alone; gradually deforming variants have varying
quantities of woven plus lamellar bone, and lamellar bone progressively develops rudimentary, then partially compressed
osteons without achieving full compaction. Lamellar bone is characterised by short, vertically oriented laminae with a
mosaic pattern in increasingly deforming forms at various levels of microscopic magnification; polarisation specifies
tissue conformational changes and localises lamellar formation beginning. Ultrastructure of bone-forming cells reveals
significantly dilated rough endoplasmic reticulum, notable Golgi bodies, disoriented cisternae, swollen scattered tubules
and vacuoles, structural indicators of storage disorder/stress responses, and mitochondrial inflammation in cells with
significantly dilated rough endoplasmic reticulum indicating cell death (17).

Treatment

After a thorough evaluation by the treating physician, many children with OI start receiving bisphosphonate (BP)
medication to reduce osteoclast activity. In this sense, cyclical intravenous BP treatment has emerged as the preferred
method for treating children with moderate to severe OI. A relatively recent randomised, placebo-controlled double-
blind trial of oral Risedronate in children with OI, which included many children who were more mildly to moderately
affected, revealed a significant reduction in fracture risk, expanding the beneficial properties of this medication in children
with OI (18). Unfortunately, by the conclusion of the early decades in the past, about two-thirds of patients had passed
away. Kyphoscoliosis, pulmonary oedema, and cardio-respiratory insufficiency were the sequelae of skeleton chest wall
deformities that typically led to death. It is believed that most patients with OI type III will live into adulthood, given the
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current therapeutic choices, particularly BP treatment with cyclic injectable pamidronate started in infancy (19). Studies
show that centres of competence treating children with severe Ol achieve very low fracture incidence and close to normal
development rates in newborns who started receiving cyclic injectable pamidronate by the age of three. The treatment
seems to be well accepted, and studies have shown that it raises bone density, lowers the frequency of fractures, and
improves vertebral form (20, 21).

The effectiveness of BPs (oral or intravenous) administration on patients affected by BBD is still debatable. A
systematic review reported conflicting results since Dwan et al. (22) concluded that studies included in their analysis
do not show BPs conclusively improve clinical status (reduce pain; improve growth and functional mobility) in people
with OI, whereas Ying et al. (23) reported significant improvement of bone mineral density in patients affected with OI
when treated with oral BPs. Finally, Constantino et al. (24) showed that randomised controlled trials did not demonstrate
a significant improvement in function and mobility with oral BPs administration. In contrast, non-randomised open-
label uncontrolled studies demonstrated that oral and intravenous BPs administration objectively improved function and
mobility.

Phenotyping is of paramount importance for diagnosing, classifying, and evaluating OI severity, giving patients and
associated families knowledge about the likely progression of the condition and enable doctors to assess the effectiveness
of therapy. For developing and evaluating treatment in people with heritable illnesses like OI, a thorough clinical
description knowledge and understanding of the precise molecular genetic actiology is the starting point (25).

CONCLUSION

Although there have been suggestions that there could be different types of OI, the most common description of
BBD separates the condition into four categories. These types have names that are numerical, eponymous, or descriptive.
Some diseases can be regarded as congenital varieties of OlI-like brittle bones. For developing and evaluating treatment
in people with heritable illnesses like OI, a thorough clinical description containing the knowledge of precise molecular
genetic aetiology is the starting point.
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ABSTRACT

Persistent avascular osteonecrosis of lunate bone is the medical term for the uncommon condition known as Kienbock’s
disease (KD). The typical indications of this condition include a restriction in motion on one side of the wrist and pain
and oedema in that area. Although there have been some recent developments in therapeutic approaches, the etiology and
pathophysiology of the condition are still not well understood. In addition to direct trauma, frequent risk factors include
anatomical traits such as ulnar variation, changes in blood flow, and more significant intraosseous pressure. Radiographic
features evaluated using a modified version of the Lichtman scale are the primary factor in determining the KD stage.
The selection of treatment choices is frequently challenging because radiographic findings do not always precisely match
the first clinical symptoms and can vary depending on the patient’s age group. When KD is detected in its initial stages,
nonoperative therapy consisting of unloading is typically recommended. Vascularized bone grafting is one of the most
recent surgical methods implemented in Stage III cases. A vascularized, pedicled scaphoid graft combined with partial
radioscaphoid arthrodesis is one of the techniques that have been reported. This approach provides good pain control and
prevents carpal collapse.

KEYWORDS: Kienbock'’s disease, lunatomalacia, lunate, carpal bone, ulnar bone
INTRODUCTION

Avascular degeneration of the lunate carpal bone, also known as lunatomalacia, is referred to as Kienbock’s disease
(KD). Austrian physician Robert Kienbdck initially identified and characterized it in 1910 (1). This disease’s origin is
still a mystery, and there is some debate on what caused it. On the other hand, it is feasible to identify elements that, in
general, have an impact on the probability of incidence. The coverage of the lunate by the radius, the blood flow, excessive
intracoronary pressure, and venous stasis are all anatomic risk factors. Other anatomical risk factors include the form of
the lunate and proximal radial distance, ulnar variation, and the protection of the lunate by the radius. Currently, there is
no evidence to suggest the existence of medication with the potential to regress the disease or even arrest the advancement
(2). The fact that there are many other names for KD, such as lunate malacia, idiopathic, aseptic, avascular, or acute lunate
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necrosis, suggests that the actual cause of the condition is still not well recognized. In addition, there is a lack of clarity
on diagnostic criteria, which contributes to the unknown frequency and prevalence of the condition.

The undetermined aetiology also contributes to this lack of clarity. On the other hand, KD is a disease with a prevalence
of fewer than 5 in every 10,000 individuals (3). Personal factors consist of age and ethnicity, as well as trauma-related
variables, environmental factors, and the association with osteonecrosis of all other carpal bones (4). Other related
disorders include osteoarthritis. The incidence of KD is approximately 7 in every 100,000 people (5, 6), which places it
in the category of a rare condition. Males are more likely to be affected by KD, and the age range of 20—40 years has the
highest incidence (7). In the past, manual labor was thought to be a risk factor, but it is more that it exacerbates symptoms
of an illness already diagnosed (8).

In most cases, only one hand is affected; only 4% of people have the condition on both hands. It is well established
that KD is linked to a higher risk of developing systemic lupus erythematosus, type 1 diabetes mellitus, and Legg-Calve-
Perthes disease (7). During the examination, it was found that there was a severe swelling on the dorsal surface of the
lunate. Typical symptoms include a reduced range of motion in the wrist as well as reduced grip strength (9).

Anatomy

Compared to the distal carpal row, which is more or less immobile, the proximal array of carpal bones in the midcarpal
joint is primarily responsible for the movement of the wrists. The lunate is the bone that is located in the middle of
the proximal array. It articulates with the scaphoid, triquetrum, capitate, and sometimes the hamate. The lunate is a
component of the radiocarpal joints and articulates via the triangle fibrocartilage complex with the ulna. More anteriorly,
the lunate is located on the palm side of the forearm. Noteworthy is the fact that approximately 10% of the axial-radial/
ulnar/carpal load is transmitted through the triangle fibrocartilage complex and, in turn, to the ulna, whereas 35% of the
force is delivered through radio-lunate articulation (10, 11).

Epidemiology and aetiology

Avascular degeneration of the scaphoid is the most frequent type of avascular necrosis of the carpal bones. KD is the
second most prevalent type of avascular necrosis of the bones. The population that is typically affected consists of guys
between the ages of 20 and 40 (12). There is still no widespread agreement regarding the most important contributor to
the development of KD. It can be attributed to a number of factors. The term “ulnar negative variance” (sometimes written
as “ulna minus”) describes a situation in which the ulna is abnormally shorter in comparison to the radius. Because of the
comparatively long radius, the lunate suffers from excessive mechanical stress and recurrent microtrauma when the ulna
is too short.

According to several kinds of research, this finding is correlated with 78% or more of the instances of KD (13). The
lunate bone receives its vascular supply from various dorsal and volar penetration arteries that branch off the dorsal
and palmar radiocarpal and intercarpal arches. These arteries penetrate the dorsum of the lunate. There aren’t many
intraosseous collaterals (12, 14).

Given the structure of the lunate, the chances of developing KD rise when the size of the lunate diminishes, as this causes
the lunate to bear a greater axial load. The lunate can have the shape of a square or rectangle, or it may have the shape of a
triangle, in which case the medial articular facet will not be present (type I, see below). This latter condition, a risk factor for
the emergence and advancement of the disease, is distinguished by a more fragile trabecular pattern (15). The radial angle
of inclination determines the angle produced between the baseline and a line drawn from the ulnar point of the superficial
radial layer to the tip of the radial styloid. This line begins at the superficial radial layer and ends at the radial styloid. As the
horizontal inclination angle becomes more shallow, the likelihood of getting KD becomes more severe (16).

Evaluation

Patients typically appear with unilateral pain across the dorsal area of the wrist, limited wrist motion, stiffness, or a
combination of all three of these symptoms at the time of their initial evaluation. The pain is made worse by extending the
wrist and axial stress. The severity of the symptoms might range from mild to incapacitating. Rarely does it affect both
sides, and trauma is usually not present. During a physical examination, it is typical to find that the patient’s wrist has
swollen, that there is discomfort over the predicted placement of the lunate, that they have synovitis, and that they have
lost grip strength (17).

KD can be diagnosed based on clinical symptoms and imaging results. Radiography/computed radiography and MRI
are two techniques with a high degree of diagnostic accuracy. Nevertheless, MRI has the highest level of sensitivity
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and can identify radiographically occult instances. The disease is characterized by a diffuse decrease in the lunate bone
marrow signal, which can be seen using MRI. The progression and severity of osteonecrosis both cause different kinds of
signal alterations. In addition, the integrity of the articular cartilage can be evaluated using MRI (7).

Early on in the disease, the radiographs were normal. Observations, when present, depend on the morphology stage and
include diffused lunate degeneration, cystic alterations, articular surfaces collapse, wrist collapse, and mid/radio-carpal
secondary arthrosis, among other things. Lunates with a type I morphological structure (see below) are susceptible to
developing coronal fractures (17). Therefore, the use of computerized tomography in surgical planning can be beneficial.
In addition, it is more sensitive than radiographs when detecting small subchondral fractures, coronal lunate fractures,
fragments, carpal instability, and the degree to which trabecular disruption has occurred. After CT imaging, several
affected patients changed their stages (18).

Staging

Examining radiographic images is mainly used to stage KD (19). However, clinical relevance also extends to examining
cartilage and vasculature (20). Accurate disease categorization is crucial when deciding on the best course of treatment
for a patient with osteonecrosis of the lunate. The lunate maintains typical architecture and thickness in stage I, producing
typical plain radiographs (9). After contrast has been applied, the lunate is frequently substantially increased at this point,
reflecting marrow edema. Radiographs taken at Stage II reveal increased lunate density and widespread sclerosis, but
the architecture of the wrist is unaffected. Stage III is when the lunate passes out. Stage III was initially separated into
stages 3A and 3B in 1993, while stage 3C was later added in 2010 (6). The lunate is compressed in stage IIIA, but its
carpal position and height are unaltered. A cortical “ring sign” on radiographs indicates that stage IIIB is characterized
by articular collapse, the distal migration of the capitate, and scaphoid palmar flexion (21). No matter how the lunate or
wrist morphology is arranged, stage I1IC is only allocated for a complete coronal plane split. Lunate collapses and radio/
midcarpal degenerative arthritis make up stage [V (7).

Management and treatment

The treatment for KD aims to alleviate discomfort while preserving the wrist’s range of motion and the patient’s ability
to maintain a firm grasp. The treatment for KD is determined by the disease’s stage and the circumstances that cause it.
Restriction in a splint or cast is the standard treatment for stage I injuries. Immobilization is another treatment option for
stage 11, provided the necrosis has not yet reached its final stage. An operation known as “joint-levelling” is required for
stages II with total necrosis, III, and IV. This surgery may be combined with vascular implants or the transfer of branches from
nearby arteries. In later phases, when there is lunate collapsing and secondary wrist degenerate arthrosis, proximal row
corpectomy and intercarpal arthrodesis may also be required. In cases with coexisting ulnar negative variance, the radial
shortening osteotomy is the treatment that is performed the most frequently to unload the lunate. In the later stages of the
disease, treatment may help relieve symptoms and performance without affecting imaging results (13, 17, 18).

CONCLUSION

The best treatment for Kienbdck’s is still debatable. Hand surgeons must choose the best treatment strategy; clinical
manifestations, radiographic examination, and surgeon expertise should drive the algorithm. Proper disease classification
is key to determining the right treatment for osteonecrosis of the lunate. Physical and personal considerations should also
be considered.
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