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ABSTRACT

The author presents the case of a patient afflicted by pes anserine bursitis completely resolved thanks to treatment 
with oxygen-ozone therapy. The complete recovery was confirmed by the control with Magnetic Resonance one month 
after the treatment.

The imaging-guided intra-bursal injection of the oxygen-ozone gas mixture can therefore be considered a valid 
therapeutic alternative in the treatment of inflammatory and overload joint pathology; as a method of simple and rapid 
implementation with low costs and without significant side effects or contraindications.
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INTRODUCTION

Pes anserine bursitis is part of the large group of so-called overload diseases. The inflammatory process affects 
the bursa’s anatomical complexity of the goose paw (sartorius, gracilis, and semitendinosus). The treatment of pes 
anserine bursitis finds as the first therapy the suspension of the activity that caused the inflammation, then uses not 
particularly aggressive therapies such as anti-inflammatory drugs, cryotherapy (for periods of 15 min), ultrasound 
physiotherapy, tecar therapy, strengthening of the quadriceps muscles, stretching of the internal flexor and rotator muscles 
of the knee. Oxygen-ozone therapy can be a valid and effective alternative in the treatment and resolution of the 
inflammatory process of pes anserine bursitis. In addition, the infiltration of the mixture directly into the bag, thanks to 
ultrasound control, allows the anti-edema effect of ozone optimally and effectively activates the mechanisms that oversee 
the anti-inflammatory response (1, 2).

Clinical Case
A 41-year-old male amateur basketball player underwent arthroscopic surgery for a medial meniscectomy in 

January 2016. In March, he came to our attention complaining of pain on the inside of the knee. The pain increased with 
movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
and the administration of anti-inflammatory drugs, he was subjected to magnetic resonance imaging of the knee (3) (Fig. 
1).
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ABSTRACT

After implant insertion and loading, crestal bone usually undergoes a process of remodelling and resorption. In order to 
reduce crestal bone loss, the “platform switching” technique has been proposed, in which the horizontal relationship between 
the outer edge of the implant and a smaller-diameter component is increased. The aim of the present work was to evaluate in 
vitro a fixture-abutment connection with cone morse and screw. Mechanical tests were carried out using a Lloyd 30K universal 
testing machine (Lloyd Instruments Ltd, Segensworth, UK). The load was applied on the coronal portion of the abutment with 
a crosshead speed of 5 mm/min, and the fracture load data were automatically recorded using Nexigen software (Nexigen, 
Batch Version 4.0, Issue 23, Lloyd Instruments Ltd, Segensworth, UK). The results indicated that the force necessary to induce 
a fracture when using the new fixture-abutment connection with cone morse and screw joint systems reached 1250±60 N. In 
conclusion, the fixture-abutment connection with the cone morse tested in this study presents a very high resistance.

KEYWORDS: bone resorption, microgap, platform switching, vertical bone loss, abutment-fixture connection

INTRODUCTION

Successful results regarding the stability and continuity of dental implants and prosthetic structure within the oral 
cavity depend on multiple biological and mechanical factors; several in vitro and in vivo studies aimed to investigate the 
biochemist and cellular mechanisms that gather the process of osseointegration, integrating new biomaterials and clinical 
methods to obtain satisfactory results with standardized protocols. 
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Osseointegrated implants are a valuable technique for solving partial or total edentulism in clinical practice. However, 
numerous issues should be further approached, such as obtaining an optimal implant-abutment connection in terms of 
mechanical and microbiological properties. Indeed, the aim is to minimize crestal bone loss, obtaining better and long-
lasting results with advantages from the mechanical, biological and esthetical points of view (1). 

In agreement with previous research (2, 3), applying the cone-morse connection or a joint screw system determine 
the level of intrusiveness within the biological space by non-biocompatible materials. This event is mainly characterized 
by an apical migration implying biological concerns, occurring when the cone morse is connected or when the screw is 
placed (4). Once the biphasic implants are placed, and the abutment connection is established, the apical migration of the 
soft tissues opens a new scenario. The migration is influenced by the creation of micro-gaps, the implant design in the 
coronal part, and the distance between the implants (5). After the initial remodelling of the crestal bone of around 1-2 mm, 
the loss remains constant or limited to 0.1-0.2 mm per year (6). 

Pathogenic bacteria for the periodontal tissues can penetrate the junctions within the complex implant-prothesis, 
colonizing the spaces created by the mechanical connections (2, 7, 8). As stated in previous research, the biocompatibility 
of the materials implied in the abutments and prosthetic structures will be deleted due to bacterial contamination within 
the junctions and the internal spaces (9). Even though the abutments and screws confirm biocompatibility, the bacterial 
colonization induces the retreats of the epithelium to the apical part, compromising the biological stability of the implant 
but not of the abutment. Elimination or minimization of gaps created during the connection between implants and abutment 
has been proposed to solve this problem (10). This option could partially solve this issue since the abutment is exposed to 
contaminating agents during implantation. 

Another potential solution could be re-locating the implant and positioning the implant-abutment junction as coronally 
as possible, although this solution is not always feasible due to functional or esthetic reasons (11, 12). Lazzara and 
Porter (13) evidenced how the sub-resizing of the cone morse determines a lower bone remodelling, as demonstrated by 
histological analysis (14). The concept of “platform switching” has been used for the last 15 years (15). Clinical results 
from the histological analysis have demonstrated the bone’s adaptation to the implant’s back face, avoiding crestal bone 
resorption (16). Crestal bone stability carries multiple advantages from a biological and esthetical point of view. However, 
concerns have been raised regarding the mechanical resistance of the implant-abutment connections obtained after using 
a sub-dimensional cone morse. 

Thus, in the present study, we analyzed the mechanical resistance of an implant-abutment connection using the cone 
morse technique and guided by a hexagon screw joint, combining the advantages of the conical coupling and the screw joint. 

MATERIALS AND METHODS

Implant-abutment connection
The implant-abutment connection analyzed in this study consists of a cone morse and a screw joint (Fig. 1). Twenty 

Close BL implants 4 x 13 mm and 20 abutments with a screw-retained conical abutment connection (Isomed, DUE 
CARRARE (PD), Italy) were used. A static resistance test was used to test the resistance of the new connection, where the 
samples were fixed to the support and subjected to an increasing force until the sample fractured. Different approaches 
were considered to recreate the work conditions of the implant within the oral cave. For instance, resin supports containing 
the implant-abutment complex were realized while 1 mm of the implant base remained uncovered to reproduce the worst 
situation in which a prosthetic implant could work in case of bone loss in the coronal part. 

After polymerizing, the acrylic resin presents a resistance above 100 MPa (the minimum value stated by the ISO 
normative 5833/1 is 70MPa) and an elasticity of 2750 MPa (the minimum value stated by the same organization is 1800 
MPa). In addition, samples in resin were moulded to obtain an inclining implant-abutment complex of 30 degrees; thus, 
the applied force can be directed in a non-parallel manner to the major implant axis, creating traction and compression 
forces for a greater load. During the experiment, the samples were submerged in an artificial saliva solution. 

Mechanical test
The sample was inserted into a clamping system to carry out the static load resistance test, where it was subjected to 
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compression with a lowering speed of 5 mm/min, monitoring the displacement of the sample. The universal instrument 
Lloyd LR30K (Lloyd Instruments Ltd, Segensworth, UK) was used for this analysis to examine biomedical devices’ 
functioning under pressure conditions. The equipment used allowed the application of a non-axial load by using a 
mechanical piston and a load cell, the last consisting of a balance able to absorb the load, determine the values and 
transmit them to the computer system. The load cell used for this test reached 2000 N, and the feed speed was 5 mm/min. 
The test was stopped as soon as any sign of fracture or deformation was noted. 

RESULTS

The samples subjected to the mechanical test supported a load of 1250±60 N before fracturing (Table I, Fig. 2). For all 
samples, the deformation was represented by a folding of the coronal part of the abutment under a load of 900N, without 
inducing modifications in the implant neck. 

DISCUSSION

The implant-abutment connection is considered of central importance for the correct functioning of long-lasting prosthetic 
implants due to the significant advances in implant surfaces that contribute to faster and more adequate bone healing. 

Several studies have documented the complications related to the screw prosthodontics superstructures, mainly 
represented by a loosening and fracture of the clamping screw or by a fracture of the abutment. The loosening of the 
clamping screw occurs more frequently during the first year after implant positioning and in single implants (17). The 
introduction of accurate prosthetic systems for single implants and the use of new components (gold screws, torque wrench) 
has been accompanied by decreased complications and improved clinical results. However, in the posterior region, where 
the chewing dynamics and the functional loads are high, the problem is 
still present. Implants used to replace a single tooth should resist torsional 
forces, avoiding damage to the components. An inadequate interface with 
a low resistance would increase the number of potential fractures (18). For 
this reason, some researchers have developed the abutment system with 
screw coupling in the apical part and conical coupling in the coronal part, 
allowing the elimination of the micro-movements thanks to the friction 
produced by the conical coupling and thus hampering the unscrewing (19). 

Other researchers focus on creating new interfaces between the 
implant and the screws. From the data obtained here, we can affirm 
that the remodelling of the abutment to obtain the platform switching 
does not compromise its mechanical resistance. However, the implant 
must not present any plastic deformation under loads below 800 N 

Fig. 1. Implant with positioned abutment embedded in a resin block. 
 
 

Fig. 1. Implant with positioned abutment embedded in a resin block.

Table. I. Summary of the mechanical testing findings of the Cone Morse implant under the controlled compression 
loading 

Mechanical test summary 
Test Type Compression to fracture 
Samples n: 20 
Mean 1250 N 
SD 60 N 
Min-Max (1128-1373 N) 
Compression 
Load Speed 5 mm/min 

 
 
 

Table. I. Summary of the mechanical testing 
findings of the Cone Morse implant under the 
controlled compression loading
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(20). Furthermore, once the load is removed, the structure should be able to be back to the original conformation (elastic 
deformation); otherwise, the original structure could be compromised. For instance, a partial but permanent flexion of the 
abutment could originate a slot, which could then be colonized by microorganisms accompanied by a peri-implantation 
process (10). 

The mechanical test is a valuable strategy to evaluate the implant-abutment connection and the probability of 
undergoing a fracture or damage. In the case of manufacture defects, a phenomenon of progressive propagation could be 
observed when applying a load, which could be due to the industrial manufacturing process more than to the potential 
defects within or on the surface of the material implied. If this event occurs, the effort is distributed in a non-equilibrated 
manner, creating small cracks able to propagate, reducing the resisting section and thus fracturing the abutment. As already 
stated, the samples used for this study were subjected to a load applied non-parallelly to the long axis and eccentrically, 
using resin-moulded blocks. Implants can be considered reliable from a biomechanical point of view when they withstand 
a load of 800 N. Moreover, load curves for each sample have been analyzed to determine the implant behaviour when 
increasing the load. In this respect, no defects were observed.  

Data regarding the elasticity and resistance of the implant connection examined were obtained from the deformation 
diagram from material sections of appropriate form and size. While the X-axis corresponds to the deformation, the Y-axis 
represents the load exerted. This information allows the classification of the materials into three different groups: malleable, 
fragile (breakable) and plastic. Our results confirm that we can exclude fragile or malleable behaviour for our samples. 

We strongly consider that the mechanical evaluation of the implant-abutment connection was a necessary step for 
the study of platform switching, especially considering that several studies have focused on the biological effects of this 
connection but not on the mechanical properties. The connection analyzed here is composed of a cone morse with an 
overture of 4° and a clamping screw. The close contact between the implant and the abutment reduces the micromovements 
of the components, considering them as a single unit and hindering the entry of biological fluids and bacteria. 

In conclusion, the implant connection studied here can be considered reliable from a mechanical and biological point 
of view, presenting important advantages such as platform switching. 
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Fig. 2. Detail of the implant at the end of the fracture test. 
 
 

Fig. 2. Detail of the implant at the end of the fracture test.



Eur J Musculoskel Dis 2018 July-Dec;7(2): -/-

5 of 5A. Scarano et al.

www.biolife-publisher.it

2.	 Scarano A, Valbonetti L, Degidi M, et al. Implant-Abutment Contact Surfaces and Microgap Measurements of Different 
Implant Connections Under 3-Dimensional X-Ray Microtomography. Implant Dentistry. 2016;25(5):656-662. doi:10.1097/
id.0000000000000465

3.	 Baj A, Romano M, Segna E, et al. Bidirectional flux of fluids and microbiota at implant-abutment connection of FMD Storm 
implant system: an in vitro stud y using RT-PCR. Journal of Biological Regulators and Homeostatic Agents. 2017;31(2 Suppl 
1):155-161.

4.	 Assenza B, Scarano A, Petrone G, et al. Crestal Bone Remodeling in Loaded and Unloaded Implants and the Microgap: A 
Histologic Study. Implant Dentistry. 2003;12(3):235-241. doi:10.1097/01.id.0000074081.17978.7e

5.	 Scarano A, Assenza B, Piattelli M, et al. Interimplant Distance and Crestal Bone Resorption: A Histologic Study in the Canine 
Mandible. Clinical Implant Dentistry and Related Research. 2004;6(3):150-156. doi:10.1111/j.1708-8208.2004.tb00222.x

6.	 Adell R, Lekholm U, Rockler B, et al. Marginal tissue reactions at osseointegrated titanium fixtures. International Journal of Oral 
and Maxillofacial Surgery. 1986;15(1):39-52. doi:10.1016/s0300-9785(86)80010-2

7.	 Piattelli A, Scarano A, Paolantonio M, et al. Fluids and Microbial Penetration in the Internal Part of Cement-Retained Versus Screw-
Retained Implant-Abutment Connections. Journal of Periodontology. 2001;72(9):1146-1150. doi:10.1902/jop.2000.72.9.1146

8.	 Canullo L, Penarrocha-Oltra D, Soldini C, Mazzocco F, Penarrocha M, Covani U. Microbiological assessment of the implant-
abutment interface in different connections: cross-sectional study after 5 years of functional loading. Clinical Oral Implants 
Research. 2014;26(4):426-434. doi:10.1111/clr.12383

9.	 Scarano A, Assenza B, Piattelli M, et al. A 16–year Study of the Microgap Between 272 Human Titanium Implants and Their 
Abutments. Journal of Oral Implantology. 2005;31(6):269-275. doi:10.1563/753.1

10.	 Larrucea Verdugo C, Jaramillo Núñez G, Acevedo Avila A, Larrucea San Martín C. Microleakage of the prosthetic abutment/
implant interface with internal and external connection:In vitrostudy. Clinical Oral Implants Research. 2013;25(9):1078-1083. 
doi:10.1111/clr.12217

11.	 Scarano A, Iezzi G, Petrone G, Marinho VC, Corigliano M, Piattelli A. Immediate postextraction implants: a histologic and 
histometric analysis in monkeys. The Journal of Oral Implantology. 2000;26(3):163-169.

12.	 do Nascimento C, Ikeda LN, Pita MS, et al. Marginal fit and microbial leakage along the implant-abutment interface of fixed 
partial prostheses: An in  vitro analysis using Checkerboard DNA-DNA hybridization. The Journal of Prosthetic Dentistry. 
2015;114(6):831-838. doi:10.1016/j.prosdent.2015.05.009

13.	 Lazzara RJ, Porter SS. Platform switching: a new concept in implant dentistry for controlling postrestorative crestal bone levels. 
The International Journal of Periodontics & Restorative Dentistry. 2006;26(1):9-17.

14.	 Degidi M, Iezzi G, Scarano A, Piattelli A. Immediately loaded titanium implant with a tissue-stabilizing/maintaining design 
(“beyond platform switch”) retrieved from man after 4 weeks: a histological and histomorphometrical evaluation. A case report. 
Clinical Oral Implants Research. 2008;19(3):276-282. doi:10.1111/j.1600-0501.2007.01449.x

15.	 Caricasulo R, Malchiodi L, Ghensi P, Fantozzi G, Cucchi A. The influence of implant-abutment connection to peri-implant bone 
loss: A systematic review and meta-analysis. Clinical Implant Dentistry and Related Research. 2018;20(4):653-664. doi:10.1111/
cid.12620

16.	 Schwarz F, Hegewald A, Becker J. Impact of implant–abutment connection and positioning of the machined collar/microgap on 
crestal bone level changes: a systematic review. Clinical Oral Implants Research. 2013;25(4):417-425. doi:10.1111/clr.12215

17.	 Kallus T, Bessing C. Loose gold screws frequently occur in full-arch fixed prostheses supported by osseointegrated implants after 
5 years. The International Journal of Oral & Maxillofacial Implants. 1994;9(2):169-178.

18.	 Scarano A, Quaranta M, Traini T, Piattelli M, Piattelli A. SEM and fractography analysis of screw thread loosening in dental implants. 
International Journal of Immunopathology and Pharmacology. 2007;20(1 Suppl 1):19-22. doi:10.1177/039463200702001s05

19.	 Binon P, Sutter F, Beaty K, Brunski J, Gulbransen H, Weiner R. The role of screws in implant systems. International Journal of 
Oral and Maxillofacial Implants. 1994;9:49-63.

20.	 Rodriguez y Baena R, Pietrabissa R. Introduzione Alla Biomeccanica per l’Implantologia Dentale. STDEI Scienza e Tecnica 
Dentistica Edizioni Internazionali; 2002. 200 p.


