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ABSTRACT 

    Implant retained auricular prostheses need attachments to connect between implants 

and prostheses. Many studies have reported about attachments for implant retained auricular prostheses 

including bar and clip, locator, ERA and magnet. Different attachment designs and removal  angulations 

influence the removal force of auricular prostheses. Objectives: To compare the removal force of 

implant retained auricular prostheses with different attachment designs and removal angulations, and to 

evaluate the effect of attachment designs and removal angulations on the removal force.  Materials and 

methods: Three attachment designs were tested for removal force.  Attachment design I was composed 

of a Hader bar with three clips. Attachment design II was composed of a Hader bar with one clip and 

two ERA. Attachment design III was composed of a Hader bar with one clip and two locators. The 

removal force was determined by an Instron universal testing machine with the crosshead speed of 50.8 

mm/min. The data was analyzed by Two-way ANOVA. Results: The removal force was influenced by 

retentive force of each attachment system and removal angulation. The removal angulation of 45° 

provided more removal force than 90° in attachment designs I and II but not in attachment design III. 

For attachment design I, the effect of the retentive force of the clip had a statistically significant 

difference but not in designs II and III. Conclusion: The removal force was influenced by the retentive 

force of each attachment system and removal angulation. Based on the present study, the clinician may 

be able to make empirical decisions on attachment selection, depending on the amount of retention 

desired and the specific clinical situation. The angulation of 90° was recommended for auricular 

prostheses removal due to appropriate biomechanical loading to implant and less removal force 

required. 
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CHAPTER I 

INTRODUCTION

1.1 Background 
The clinical placement and removal of auricular prostheses is challenging 

for the maxillofacial prosthodontist. Retention of auricular prostheses can gain from 

either skin adhesive or osseointegrated implant. The applications of skin adhesive-

retained prostheses show several limitations to patients. Skin adhesive results in 

inconsistent bonding of the prostheses to skin, skin allergy, difficulty with prosthesis 

positioning and short life span of the prostheses. These limitations lead to inconsistent 

use of the auricular prostheses by patients (1). Since 1969, the successful development 

of osseointegration biotechnology by Per-Ingvar Brånemark offers many advantages 

for maxillofacial prosthodontist. Osseointegrated implants decrease the need for skin 

adhesives, provide more retention and increase patient acceptance and confidence (2) 

 Craniofacial implants have been used for auricular prostheses for decades 

(3-6). The number of implants needed for retaining the auricular prostheses are two, 

three or even four, however, two have been proven adequate for retention (7). These 

implants are connected to the prostheses via attachments that aid in the retention, 

stabilization and orientation of the prostheses (8).

        Multiple attachment designs have been used for implant retained auricular 

prostheses such as bar and clip (9), Locator (10), ERA (11) and magnet (12). The 

angulation of removal force may influence the retention and biomechanical loading of 

implants. The purposes of the study were to compare different attachment designs and 

removal angulations and to find the appropriate attachment design and removal 

angulation regarding to physical activity, manual dexterity and biomechanical loading 

to the implant. 

1.2 Objectives of the study 
The study had three main objectives:
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1. To compare the removal force of implant retained auricular prostheses 

in three different attachment designs. 

2. To compare the removal force of implant retained auricular prostheses 

in two different removal angulations. 

3. To evaluate the effect of attachment designs and removal angulations to  

the removal force.  

1.3 Statements of hypothesis 
                   1. There will be no statistical difference in the removal forces of different 

attachment designs. 

                   2.  There will be no statistical difference in the removal forces of different 

removal angulations. 

3. There will be no statistical interaction between attachment designs and 

removal angulations to  the removal force.  

1.4 Clinical implications 
Attachment designs providing appropriate removal force according to the 

physical activity and manual dexterity of patients should be selected. The removal 

angulation creating less removal force and providing appropriate biomechanical 

loading to implants should be recommended to patients to remove their implant 

retained auricular prostheses. 
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CHAPTER II 

LITERATURE REVIEW 

2.1Auricular deformity

           The common appearances of auricular deformity are known as microtia. 

Microtia is a malformation of the ear with extreme variability of expression that may 

range from hypoplasia with minimal structural abnormalities to the total malformation 

of the ear. Microtia is usually associated with congenital aural atresia, a condition in 

which the external auditory canal fails to develop. The classic remnant usually seen in 

microtia is comma shaped, with the upper portion containing a small deformed 

cartilage. Microtia is graded on a gradient from minimal to severe or severe to 

minimal deformity based on the degree of deformity and specific anatomical part 

involved.  A variety of grading systems have been developed over decades by many 

authors. One grading system for auricular deformity is described by Tanzer based on 

the description and location of the defect (13).

        The incidence of microtia varies by race and geographic location. 

According to an extensive study conducted by Dr. Grabb in 1965, microtia occurs 

once in every 6,000 live births (14). The occurrence is estimated at one in 4,000 

among Japanese, and as high as one in 900 to 1,200 live births among Navajo Native 

Americans (15). Microtia is seen more commonly among males than females. In 

addition, the right side is affected more commonly than the left (16, 17). 

        There are two etiologies of auricular deformity, congenital and acquired 

origin. Acquired etiology includes accident, trauma and tumor resections (3). 

Congenital auricular deformity is derived from both environmental and genetic factors 

(18). In 1968, Rogers et al. studied the structural, anatomical and genetic 

interrelationships between microtia, constricted and protruding ear patients. The 

investigation revealed that these deformities are inter-related (19). Genetic studies 

have revealed several possible etiologic factors, such as chromosomal aberrations, 

Copyright by Mahidol University



Ongart Puttipisitchet     Literature Review) / 4 

multifactorial inheritance, and autosomal or recessive traits. Microtia is also found as a 

part of certain congenital syndromes, such as Goldenhar, and Treacher–Collins 

Syndrome (14). Microtia may also occur as one of the many features of the hemifacial 

microsomia complex (20). In 1964, Roger reported preauricular pits and sinuses and a 

combination of pits, preauricular appendages, cupping deformity and deafness are all 

genetically dominant (21). In 1975, Poswillo et al. theorized that ischemia resulting 

from an obliterated stapedial artery is the cause of developmental auricular 

abnormalities (22). The occurrence of microtia from rubella may be recognized during 

the first trimester of pregnancy (23). Also, use of certain drugs during the critical 

period may be a cause. Studies have indicated that several teratogenic agents, such as 

thalidomide and retinoic acid, produced auricular deformities in infants (24). 

       Acquired auricular deformity can result from trauma, infection and cancer. 

Ear trauma can be caused from soft tissue laceration and thermal burn causing the 

partial or total absence of the auricle. Types of neoplasm that typically occur at the ear 

are basal cell carcinoma, squamous cell carcinoma and malignant melanoma (25). 

Surgical excision must be performed to eliminate those cancers (26). Complete 

surgical excision will include a wide margin of normal appearing skin.  Consequence 

of surgical excision is partial or total auricular deformity. 

                  When partial or total auricular deformity occurs, its complications are 

distributed to functional and esthetical problems. For esthetical consideration, facial 

appearance is utmost important in patients of all ages. Self-image is very important for 

social interaction and self-esteem and loss of the ear may lead to social isolation, 

lower self-esteem, greater sense of worthlessness and severe depression. Therefore, 

auricular deformity reconstruction, both reconstructive surgery and prosthetic 

rehabilitation can enhance patient appearance and social interaction issues(27).

      Treatment for auricular deformity includes surgical reconstruction and 

prosthetic rehabilitation. In the early and mid 20th century, many reports were 

published on use of an assortment of cartilage homogenous grafts and heterogeneous 

grafts with dismal results (28). The modern era of auricular reconstruction using 

autogenously tissue began with Tanzer’s descriptions in 1969 (29) and continues with 

major contributions by Brent in 1980 (30). Further development of auricular 
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reconstruction was made by many surgeons such as Fukuda and Yamada (31), Cronin 

(32), Bauer (33), Yanai et al. (34), Isshiki et al. (35) and Nagata (36). With improved 

techniques, more consistent autogenously results could be achieved. However, in some 

cases such as cancer resection with radiation therapy, scar tissue from trauma or 

thermal burn may compromise local tissues so that autogenous reconstruction may be 

contraindicated and prosthetic rehabilitation is the better treatment option (27). 

        The use of facial prostheses dates back to ancient times. One of the major 

problems for facial prostheses was limited long-term retention. Prosthetic 

rehabilitation of the auricle defect is considered in such pediatric patients with 

congenital deformities for the following three relative indications: failed autogenous 

reconstruction, severe soft tissue skeletal hypoplasia and low or unfavorable hairline. 

In addition, the acquired auricular defect, most often traumatic or ablative in origin is 

an indication for prosthetic rehabilitation (27).

       There are two types of auricular prostheses retention, adhesive and 

implant. Historically, a compromising factor in constructing an esthetic and 

functionally acceptable facial prosthesis was the limitation of available materials. With 

the introduction of silicone materials in the 1960s, a resilient and durable prosthesis 

was possible (37). Silicone facial prostheses in the past have been retained primarily 

by skin adhesives besides tissue undercuts and mechanical means. Medical grade 

adhesives include double-sided tapes, glues, and spray-on silicone preparations retain 

the prostheses (5,38). Disadvantages of skin adhesives are inadequate retention due to 

perspiration, gravity, skin movement, skin damage, contact dermatitis as a result of 

long term use, difficulty with prosthesis positioning, progressive discoloration and 

break down of the elastomeric maxillofacial material (39). These limitations led to 

inconsistent use of the facial prostheses by patients. Thus, osseointegrated implants 

take part in and enhance retention of facial prostheses (40). 

       Since 1969, with the successful introduction of osseointegration 

biotechnology by Per-Ingvar Brånemark, the development of osseointegrated implant 

has progressed. The first study in which a direct bone anchorage was suggested as  a 

clinical possibility was published by Brånemark in 1969 (41). In 1975, Brånemark 

postulated that a skin penetrating implant should be possible based on the principles of 
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dental implants (42). In 1976, the first craniofacial osseointegrated implants were 

placed based on the experience of previously placed oral implants combined with data 

gathered from experimental investigations of skin penetrating implants (40). 

Following the pioneering work by Brånemark and his colleagues, the first clinical trial 

on skin penetrating osseointegrated implants were conducted in 1977 at Sahlgren’s 

Hospital in Goteborg, Sweden, where specifically designed implants were placed in 

the mastoid region to support a bone conduction hearing aid. In 1977, the term 

“osseointegration” was first used and defined as ‘direct structural and functional 

connection between ordered living bone and the surface of a load carrying implant’ 

(43) and the utility of osseointegrated implants were begun. In 1979, craniofacial 

implants were placed in the mastoid region for the purpose of retaining an auricular 

prostheses (44). In 1983, Tjellstrom et al. reported a one-to five-year follow-up on the 

Goteborg experience with craniofacial osseointegrated implants in the temporal bone 

for retaining facial prostheses and for bone anchored hearing aids (BAHA). This 

report assessed 14 implants placed for BAHA and 44 implants placed for retaining 

facial prostheses and concluded that titanium implants could be osseointegrated in the 

temporal bone for five years or more without adverse tissue reaction (6). However, in 

1985, Tjellstrom et al. reported 159 craniofacial implants that had been placed in 38 

patients for auricular prosthesis and reported the loss of integration of one implant and 

the removal of two abutments because of skin inflammation. A later development was 

to extend the clinical applications of craniofacial osseointegration to orbital and nasal 

reconstruction (45). Since 1986, international conferences on craniofacial 

osseointegration have been convened and reports emanating from that time have 

confirmed the efficacy and predictability of craniofacial osseointegration (46). In 

1987, a publication by Goteborg et al. evaluated 389 skin penetrating implants in 174 

patients. Of the 389 implants placed, 6 were not integrated at second-stage surgery and 

the overall success rate was 98%. Importantly, five of six failures were in irradiated 

bone. Thus, it was concluded that the success rate was 99.7% in non-irradiated bone 

and 85.3% in therapeutically irradiated bone. This study also found that skin reactions 

were mild, with 92.1% of patients showing no adverse skin reaction (47). In February 

1988, the Bone-Anchored Hearing Aid (BAHA) was approved for use within the 

Swedish health system by the Swedish National Social Welfare Board. On 1st
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September 1988, a state of art conference was held in Goteborg, Sweden to consider 

bone-anchored implant in head and neck region. In 1990, Tjellstrom published the ten- 

year follow-up results on 94 patients treated for auricular replacement with implants. 

This report added substantially knowledge of craniofacial osseointegration treatment. 

First, it confirmed the individual implant and skin response success rates during a ten-

year period. Second, the study indicated that two implants in the mastoid region were 

sufficient to retain an auricular prosthesis. The report also defined several factors 

leading to implant failure and abutment removal (48). Craniofacial implants differ 

from conventional dental implants in size, length and design. The most widely used 

system is the Brånemark extra-oral craniofacial implant, Gothenburg, Sweden. For 

craniofacial implants of Brånemark system, fixture diameter is 3.75 mm and 5.5 mm at 

flange level. The length of fixture in infrabony part is 3 to 4 mm. These implants have 

a perforated flange to engage the bone surface at the coronal part. Flangeless 3mm and 

4mm in length extraoral implants have recently been introduced by Entific Medical 

Systems, Goteborg, Sweden. Another flangeless system is EO Ankylos extraoral 

implant; fixture diameter is 3.5mm and 4 to 6mm in length.  

      An osseointegration approach is indicated in auricular deformities from 

several causes including congenital, trauma and cancer resection (49). Implant-

retained auricular prostheses provide multiple advantages for patients. Advantages 

derived from implant retained prostheses include (39):

1. Improved retention and stability of the prosthesis 

2. Elimination of skin reaction to adhesives 

3. Eased and enhanced accuracy of prosthesis placement 

4. Improved skin hygiene and patient comfort 

5. Decreased daily maintenance associated with removal and reapplication 

of skin adhesives 

6. Increased life span of the prosthesis 

7. Enhanced esthetics of the junction between the prosthesis and skin 

The osseointegrated implant retained prostheses greatly improve the 

patient’s quality of life. The choice of retention systems is essential to achieve a 

reliable and secure retention of the prostheses. The position of implant placement is 
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also considered following the proposed anatomy of auricular prostheses. Implants for 

auricular prostheses are placed to permit sufficient room for the abutments and 

retentive mechanism within the confines of the shape of the prostheses. Especially for 

an auricular prostheses, they should be in the area of the antihelix or outer aspect of 

the concha which correlates well with the mastoid region of the temporal bone (48, 48, 

50, 51) (Fig. 2-1). In clinical procedure, a surgical template is used to obtain accurate 

implant position. Optimal placement of osseointegrated implants is necessary to 

enhance the prosthetic rehabilitation. Surgical planning and templates virtually 

eliminate the chance of placing titanium fixtures in areas that interfere with the 

contours of the final prosthesis. The retentive elements will be most easily concealed 

under the thickest areas of the prosthesis, the antihelix and the antitragus. The use of a 

CT scan allows preoperative determination of temporal bone thickness and proper 

positioning of the implants in relation to prosthesis location (48). A two stage surgical 

procedure is employed. Surgical placement can be conducted with local anesthesia and 

sterile conditions must be provided. A full thickness flap is reflected and potential 

implant sites evaluated with surgical templates. Surgical templates have be prepared 

from the pre-surgical diagnostic wax up and fabricated with acrylic resin. In the 

mastoid area, an incision is made approximately 30 mm posterior to the external 

auditory canal. A periosteal flap is raised to expose the bone of the mastoid crest. For 

anchorage of the external ear prosthesis, two implants are sufficient (7). Two fixtures 

are usually placed 15 to 18 mm posterior to the external auditory canal. At the left 

side, fixtures are placed at the 1 and 3 o’clock positions. At the right side, fixtures are 

placed at the 9 and 11 o’clock positions (3) (Fig. 2-2). The distance between implants 

should be 15 to 20 mm to allow access for hygiene and the proper length of clip-bar 

attachment (11, 51). The implant sites are prepared and tapped in the usual atruamatic 

manner. The site is widened to the final diameter using a 3.0mm twist drill, with a 

countersink on its top to accommodate the flange neck of the fixture. All drilling and 

tapping is performed under copious irrigation with normal saline to avoid the 

overheating the bone. After the fixtures are inserted, cover screws are placed in the 

internal hole of the fixture. Ointment soaked gauze wrapped around the abutment is 

used to prevent postoperative bleeding and infection. After that, the skin periosteal 

flap is closed. In the mastoid region, a healing period of three to four months is 
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required (52). When complete healing has occurred, the second stage procedure is 

performed by flap opening and healing abutments connecting. A complete healing is 

required three months. Then, healing abutments are removed and impression copings 

are inserted. The final impression for auricular prosthesis is taken with polyvinyl 

siloxane material.  The fixture analogues are connected to impression copings. Then 

the final impression is poured with dental stone type IV. After the master cast is 

finished, the auricular prosthesis is fabricated.

Fig.2-1 Appropriate area for implants placement 

Area within dashed outline is suitable for alternative implant sites that will 

not interfere with contours of final prosthesis (51). 

Fig.2-2 Positions of implant location  

Positions of implant location were determined with external auditory 

meatus as center of clock for right and left auricles.  
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2.2Retention of implant retained auricular prostheses 

               Selection of type and design of attachment affects the retention of 

auricular prostheses. Retention is defined as “a quality inherent in the prosthesis acting 

to resist the forces of dislodgment along the path of placement” (53). The retention of 

implant retained auricular prosthesis is of critical concern regarding its several 

components. The components of implant retained auricular prosthesis comprise 

craniofacial implants, abutment, abutment screw, gold cylinder, gold screw, 

attachment, acrylic housing and auricular silicone (Fig. 2-3) (54).

Fig. 2-3 Components of implant retained auricular prosthesis (54). 

 The retention of implant retained auricular prostheses must be considered 

from bottom to top components of auricular prosthesis. 

1. Craniofacial implant 

2.  Attachment  

3.  Bonding between acrylic housing and silicone 

4. Removal force 

 1.  Craniofacial implant 

                    Craniofacial implant is considered as the base or foundation of the 

prostheses that connects to bone. Amount and design of implant affect the retention of 

the prostheses. The sufficient number of implant enhance stability and retention of 
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prostheses. Also, optimal design and microstructure of implants can result in good 

osseointegration.

                    1.1 Number of implants 

                          The number of implants affects the retention and stability of 

auricular prostheses. In the past, three or four craniofacial implants were usually 

placed for retaining the auricular prostheses. However, individual implants success 

rates in the mastoid region have revealed that only two implants are required to retain 

auricular prostheses (8, 44, 55).

1.2 Implant design 

                        Craniofacial implants are less diverse in designs and types 

compared with intraoral implants. Many systems of craniofacial implant are on the 

market including the Brånemark System (Entific Medical System, Goteborg, Sweden), 

EO System (Straumann, Basel, Switzerland), Bonefit System (Straumann AG, 

Waldenburg, Switzerland), Epitec System (Stryker-Leibinger, Freiburg, Germany), 

IMZ® System (FRIATEC AG, Mannheim, Germany) and ANKYLOS® EO System 

(Degussa, Hanau, Germany) (Fig. 2-4). Craniofacial implants are shorter the intraoral 

implants and may have or have not the perforated flange. It has been claimed that the 

perforated flange increases the implant surface area in contact with bone, facilitates 

initial immobilization and prevents undue penetration of the implant intracranially 

(56). Perforations in the flange are supposed to add additional surface area and provide 

mechanical stabilization (57). The most widely used implant is the Brånemark 

craniofacial implant system.  However, Abu-Serriah et al. is dubious of the scientific 

evidence supporting these claims and clinical experience has faced some problems 

associated with this design aspect. In particular, exposure of the perforated flange 

creates a protected environment for the accumulation of debris and microbial 

colonization with ensuing infection, which can be difficult to control (58). From a 

histological evaluation of retrieved craniofacial implants, Bolind and colleagues

demonstrated a zone of soft tissue extending underneath the flange down to the first 

thread in most of the loaded implants. This confirms the limited role of the flange in 

enhancing bone-implant contact (59). Hence, the role of the perforated flange in 

increasing the surface area of bone-implant contact seems to be only a theoretical 

advantage. Recently, the flangeless Brånemark extra craniofacial implant system has 
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been introduced by Entific Medical Systems (Goteborg, Sweden) providing 3mm and 

4mm in length. The flangeless design is an alternative design to reduce the 

disadvantage of the perforated flange. 

Fig.2-4 Specific implant systems for maxillofacial and craniofacial used 

A. IMZ® System, FRIATEC AG, Mannheim, Germany 

B. Brånemark System, Nobel Biocare, Gothenborg, Sweden 

C. EO System, Straumann, Basel, Switzerland. 

2. Attachment 

Types of attachment vary. Their major purpose is to gain the proper 

retention between osseointegrated implants and prosthesis. According to the Glossary 

of Prosthodontic Terms in 2005, attachment is defined as “a mechanical device for the 

fixation, retention, and stabilization of a prosthesis” or “a retainer consisting of a metal 

receptacle and a closely fitting part; the former (the female or matrix) component is 

usually contained within the normal or expanded contours of the crown of the 

abutment tooth and the latter (the male or patrix) component is attached to a pontic or 

the denture framework” (51).  

We can classify attachments into splinted and nonsplinted types. Most 

splinted type is splint with bar and clip attachments. The advantages of splinted types 

are allowing the positioning of the selected attachments, providing an increase in 

lateral surface to assist in horizontal stability and improving the overall resistance 

from lateral forces. A common design is splinted bar with clip. Two implants with 

three metal clips having two clips cantilevered at both ends in different angulations 

have been commonly performed. The splinted design is believed to create a more 

equitable load distribution and the bar is used to provide mechanical retention and 

B

C

A
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stability (3). However, the splinted type has not been shown to increase the retentive 

value of the attachment (60). 

Even though prosthodontist seems to prefer splinting the implants by 

means of a bar-clip construction, non-splinting attachments offer some benefits such 

as less time consumption, lower costs of components, less space required behind the 

prosthesis, less stress on the implants due to the resiliency of the abutment and parallel 

and nonparallel abutment use. Furthermore, non-splinted constructions facilitate easy 

cleaning allowing good hygiene (39). The specific attachment of nonsplinted types are 

provided such as magnet, ball, ERA and Locator.  However, nonsplinted abutments 

require specified relative parallelism and positioning in relation to the confines of the 

prostheses.

The attachment consists of two components, patrix (male) and matrix 

(female). In general, the patrix part is attached onto the implant and the matrix is 

embedded into the prosthesis. However, some attachment systems such as Locator use 

the patrix part embedded into the prosthesis whereas the matrix part is attached onto 

the implant. The abutment connection allows different types of attachments to retain 

auricular prostheses (61). When restoring with implant retained auricular prostheses, 

multiple designs aim to gain retention more than the adhesive type. Several attachment 

systems can be employed, basically splinting such as bar-clips or non-splinting the 

implants such as magnet, ball, ERA and Locator. The combination designs can be used 

as splinting by connection of two implants with bar and cantilever-like attachments 

such as studs or magnetic attachments laterally connected (7, 62). The attachment 

most popularly used is the round bar and metal clip systems because of satisfactory 

retention and stability although the bar may inhibit patient hygiene by limiting access 

to defect area (7, 39).

In this study, review of three attachment systems focused on: 

1.  Hader bar and metal clip 

2. ERA   

3. Locator

1. Hader bar and metal clip 

Bar and clip attachments provide satisfactory retention for auricular 

prostheses, although the bar may inhibit patient hygiene by limiting access to the 
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defect area (39). In 1995, Rubenstein reported about the attachments used for auricular 

prostheses and found that clips were the predominant type of attachment used (7). Bars 

may be rigid or resilient, permitting free movement of the prosthesis to direct forces 

away from the retaining abutments to the supportive bone and tissue. The shape of the 

bar is indicated by the amount of vertical space available and the type of construction.

Bar systems are generally in one of three types: 

1.1 Prefabricated Dolder type 

The Dolder Bar is produced in a precious palladium alloy that 

is stronger, less expensive, and has a higher fusing temperature than the traditional 

yellow alloys or as a plastic wax casting pattern. The pear or oval shape is used for a 

resilient prosthesis providing vertical or rotational movements. The ‘U’ shape is for a 

rigid, or non- resilient, prosthesis. The dimensions on both bars are 2.2 mm height, and 

50 mm length. 

1.2 Round bars type 

 A round bar is useful in situations where the bar must be bent 

to accommodate the ridge anatomy, or in close-bit situations. 

1.3 Plastic Hader type 

In 1973, Helmut Hader, master technician and dental 

manufacturer, developed a unique attachment system that even today is mainly known 

as a Hader bar. The Hader bar is a semi-precision bar attachment that provides hinge 

movement as long as a single Hader bar has been utilized in an attachment assembly 

design (63). The Hader bar system is the most popular of all bar systems due to its 

economy and simplicity. The Hader bar is available as a burnout pattern in plastic and 

plastic wax, and also in either palladium alloy or a yellow gold alloy. The Hader bar 

allows the prosthesis to rotate around the bar. Another advantage is superior stability, 

retention, and the option of abutment splinting. 

The components of HADER bar and metal clips are composed 

of: (Fig. 2-5) 

1. The Bars: The Hader-EDS Bar is a standard 13 gauge 

(1.8mm) diameter and is compatible with other standard bar patterns. In addition to the 

plastic bars, Titanium Bars for laser welding and Gold Bars for soldering or laser 

welding are now available. 
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2. The Clips: The durable Hader-EDS Clips are 

interchangeable with standard Hader Clips and are available in three color-coded 

levels of retention. Retention sequence is white, yellow and red. White represents light 

retention, yellow represents regular retention, and red represents firm retention. The 

Hader-EDS Clips will also fit standard bar patterns such as the ABS, CBS. The 

retention of clips recommended from www.preat.com is 600 g for the white clip, 800 g 

for the yellow clip and 1,000 g for the red clip. 

3. The metal housings: The gold-plated machined metal 

Hader-EDS Housing simplifies clip replacement and prevents looseness caused by 

acrylic breakdown.  The 0.2 mm thick metal housings are available for accurate 

seating of the plastic clips. These are used in conjunction with the processing spacers 

on the model to ensure an accurate seating of the clips. The advantages of using the 

metal housings are easy insertion, removal, and replacement of the clips without 

altering the prosthesis. 

4. The Analogs and Impression Clips: Plastic Hader-EDS 

Impression Clips and aluminum Hader-EDS Bar Analogs are available for the 

fabrication of processing models. Each is 50 mm in length and can be shortened, and 

is reusable. Both are indicated for repairs and new restorations. 

Fig. 2-5 Demonstration of HADER EDS bar system and Metal clips. 

 A : Metal housings

B : Hader-EDS clip in three colors  

C : Hader-EDS bar, Gold bar, Titanium bar, Plastic bar  

2. ERA

The ERA is a resilient stud attachment that provides hinge and vertical 

resiliency. ERA Attachments consist of a female component, which is craniofacial 

A B C
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fixed and a replaceable and a high density nylon male component anchored in the 

acrylic housing. The three indications for ERA application include partial denture 

attachment, overdenture attachment and implant abutment (Fig 2.6).  

Fig. 2-6 Three indications for ERA application

Three indications for ERA application include partial denture attachment (A), 

overdenture attachment (B) and implant abutment (C). 

For ERA partial denture attachment, the female component is a plastic 

pattern which is incorporated as part of a crown wax-pattern and cast in a hard alloy. 

A metal female jig is available to hold the male in place for laboratory processing into 

the denture acrylic. Six color-coded male components correspond to six levels of 

retention. In order from the least to the most retentive, they are white, orange, blue, 

grey, yellow and red (Fig. 2-7). 

Three male component designs include (Fig. 2-8): 

1. The Standard ERA Partial Denture male component sold only as a 

replacement part for older cases. 

2. The ERA-Reduced Vertical male component (ERA®-RV) with 0.4mm 

of vertical resiliency and universal joint hinging.

3.  The Micro ERA male has the same resiliency and hinging, but needs 

0.5 mm less vertical space and has a diameter of almost 1.0 mm less, making it the 

smallest extracoronal resilient attachment.  

ERA retention was studied by Jonathan M. Hohlford. Retention values of 

ERA male components in white, orange, blue and grey colors are 1.6 lb, 1.8 lb, 2.4 lb, 

3.5lb respectively (Fig. 2-9). 

A B C 
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Fig. 2-7 Male ERA components 

Black = Processing Male, White = Light Retention, Orange = Moderate Retention, 

Blue = Heavy Retention, Grey = Very Heavy Retention, Yellow = More Retention 

than Grey, Red = The Most Retentive 

Fig. 2-8 Three male components of ERA divided by height 

Fig. 2-9 The retention of ERA was studied by Jonathan M. Hohlford. 

Srithavaj et al. (11) created the combination design (Fig. 2-10), combining 

a Hader bar with one clip and two ERA attachments to maintain proper retention of 

the auricular prosthesis as well as acceptable esthetics. Two ERA attachments were 

located at the superior and inferior end of the bar which has an angle of 45° to the axis 

of the bar. The ERA attachments increase retention and also act as anti-rotating 

devices of the clip.
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Fig. 2-10 The metal framework of combination design of a Hader bar with one clip 

and two ERA attachments    

3. Locator

             The Locator has quickly become one of the most popular implant retained 

overdenture attachments used. Its desirable features include: 

1. Less Vertical Height 

2. Dual Retention: inside and outside retention that ensures the longest 

lasting performance 

3. Easy Insertion: accurate alignment using self locating design 

4. Resilient stud type attachment 

5. Locator Core Insertion/Removal Tool may also be used to insert female 

components onto the implant using the triangle engagement. 

6. Locator may be used with non-parallel implants using the extended 

range male component for a combined 40° divergence. 

The Locator is composed of two components: male and female (Fig. 2-17). 

Three different male colors allow for different retentions. Clear is regular retention (5 

lbs.), pink is light retention (3 lbs.) and blue is extra-light retention (1.5 lbs.) The 

Locator is available for bar restorations. The Locator Bar Female component is 

available in a Screw-in, Cast-to or Laser Weld version (Fig. 2-18). The following 

procedures begin with placement for all three types of bar Locators. 
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Fig. 2-11 Locator components. 

       

Fig. 2-12 Three type of Locator Female components 

A. Cast-to Bar Locator Female component 

B. Laser-weld Locator Female component 

C. Screw-in Locator Female component 

From the clinical experiences at the Maxillofacial Prosthetics Clinic, 

Faculty of Dentistry, Mahidol University, the casting Locator attachment is used in the 

same manner as ERA. Then the new design attachment combining of a Hader bar with 

one clip and two Cast-to Bar Locator Female components are fabricated (Fig. 2-13). 

The dual retention characteristics of Locator are assumed to provide higher retention. 

However, due to the height of the Locator, which is higher than the level of bar for 3 

mm, the thickness of the acrylic housing will be increased at the Locator area. This 

protrusion will result in unesthetic auricular prostheses. 

A B C
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Fig. 2-13 The metal framework of combination design of a Hader bar and two Female 

Locators. 

3. Bonding between acrylic resin housing and silicone 

       Consideration of the bonding between acrylic resin housing and silicone is  

important and related to attachment selection. If the bonding is less than the retentive 

force of attachment or removal force, a break between the acrylic resin housing and 

silicone will occur. The bonding is created by primers. Primers are used as aids to 

increase the bond strength between acrylic resin and silicone. One study from 

Chotprasert (64) reported the effect of primers on the tensile bond strength between 

silicone (MDX 4-4210) and two acrylic resins (Autopolymerizing and light 

polymerizing). Five primers used included A304, A306, A330G, Sofreliner tough and 

Epicon. Tensile bond strengths and retentive forces of five primers are shown in Table 

2-1. Another study from Doan Minh Tri in 2006 (65), reported the effect of five 

primers to bond strength between MDX 4-4210 and Episil-E silicone to auto 

polymerizing acrylic resin. The mean values of the bond strengths (MPa) and convert 

to force in Newton (N) unit are shown in Table 2-2. From both studies, the retentive 

force range was 32.028 to 187.772 N depending on type of primer, acrylic resin and 

silicone. 
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Table 2-1 Results of tensile bond strengths and retentive forces from five primers and 

two type acrylic resins from the Chotprasert study (72) 

Primers Autopolymerized acrylic resin Light polymerized acrylic 
resin

Tensile bond 
strength
(MPa)

Retentive 
force(N)

Tensile bond 
strength
(MPa)

Retentive 
force(N)

A304 0.738 57.933 1.2645 99.26 

A306 0.5857 45.97 1.9542 153.40 

A330G 1.5886 124.70 1.2603 98.93 

SOFRELINER 
TOUGH

1.1099 87.12 1.0393 81.58 

Epicon 1.6913 132.76 1.219 95.69 

Table 2-2 Results of tensile bond strengths and retentive forces from five primers and 

two type silicones from Doan Minh Tri study (73) 

Primers Silicone 

Episil-E MDX4-4210 

Tensile bond 

strength (MPa) 

Retentive 

force (N) 

Tensile bond 

strength (MPa) 

Retentive 

force (N) 

A-304 1.382 108.487 0.674 52.909 

A-306 1.105 86.7425 0.408 32.028 

A-330-G 1.953 153.315 1.369 107.46 

Sofreline Tough 1.037 81.4045 0.821 64.4485 

Epicon 2.392 187.772 1.055 82.8175 

Control 0.075 5.8875 0.079 6.2015 
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4. Removal force

The quantity and direction of removal force affect the retention of implant 

retained prostheses. The quantity of removal force is influenced by attachment type 

and design. Also, direction of removal force influences the quantity of removal force. 

4.1 Influence of the type of attachment to removal force 

Many studies have reported the retention of various attachments from both 

overdenture and auricular prostheses. Details included number of implants, test 

parameters, attachment systems and retentive forces, compared in Tables 2-3 and 2-4. 

The purpose of most studies from Michelinakis (67), Gulizio (68), Kwok-Hung Chung 

(69), Botega (70), Svetlize (71) and Petropoulos (72) is to evaluate and compare the 

initial retention of different attachments of implant retained overdenture. The others 

purpose of the study of Rutkunas (66) is to compare retentive property before and after 

wear simulation.  

The previous studies are performed as in vitro studies. There are two 

studies from Frits Van Kampen and Naert are performed in patients as in vivo studies. 

The purpose of the study of Frits Van Kampen (62) is to investigate retention of 

mandibular overdenture with different attachments at the initial force and after three 

months of function.  The purpose of the study of Naert (73) is to investigate the 

retention of mandibular overdenture after the five years of use.

In 1995, Burns et al. (74) compared the retention between two 

attachments, magnet and O-ring of implant retained overdenture. The result showed 

that O-ring provided more retention than magnet. In 2000, Frits Van Kampen (62) 

compared the retention among three attachments, magnet, ball and bar-clip in implant 

retained mandibular overdenture. The result showed the retntion of attachments at 

initial and three months of function. There were no differences in retention force at 

baseline and after 3 months of loading were observed for all three attachment types. 

The mean retention forces of magnet attachments, bar-clip attachments and ball 

attachments were 8.1, 31.3 and 29.7N respectively. Functional maintenance 

complications related to the attachments were predominantly observed in 11/36 

magnet attachments. Functional problems in the ball attachment group were relatively 
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rare, easily manageable and seen in 4/36 attachments. The bar-clip attachments 

exhibited no maintenance problems at all. In 2002, Petropoulos et al. (72) compare the 

retention among stud attachments including Zest anchor, Ball and ERA by three 

dislodging directions. In axial dislodgement, results showed the Zest Anchor 

Advanced Generation attachment to be the most retentive, with mean values and 

standard deviations of 37.2 N. The next most retentive attachment was the Nobel 

Biocare standard ball, followed by the ERA orange, Nobel Biocare 2.25 mm diameter, 

ERA white, and the Zest anchor. In 2004, Svetlize et al. (71) compared the retention 

among three type of attachments including magnet, ball and ZAAG. The ball 

attachment ( Dalla-Bona) provided the most retention( 22.7 N). The next most 

retentive attachment was the ball (Ceka Revax), followed by ZAAg, Ball (O-ring) and 

magnets. In 2004, Botega et al. (70) evaluated retention force of two types of 

attachment including O-ring and bar-clip of implant retained mandibular prostheses. In 

2004, Khok-Hung Chung et al. compared the retention of various attachments of 

implant retained overdenture. This study grouped the attachments according to the 

retention into four groups: high, medium, low and very low. The high group was ERA 

grey. The medium group consisted of white Locator, Hader bar-clip, ERA white, 

Spheroflex ball. The low group is Locator pink. The very low group consisted of 

Shiner magnet, Maxi magnet and Magnedisc magnet. In 2006, Michelinanakis et al. 

investigated the retention of attachments including ball, magnet and bar-clip. One bar 

with two clips which provided in three colors: red, yellow and white were compared 

with ball and magnet. Ball attachment provided the most retentive (34.56 N). The next 

most retentive is red clips (31.41 N), followed by yellow clips (20.33 N), white clips 

(18.47 N) and magnet (1.23 N) respectively. In 2007, comparison of retention of 

different attachment types including magnet, Locator and ERA was performed. ERA 

orange provided the most retentive (10.9 N). The next most retentive is Locator pink 

(10.6 N), followed by EWRA white (9.9 N), and magnets (4.5-5.6 N).  

 From the studies of Rutkunas (66), Michelinakis (67), Kwok-Hung Chung 

(69) and Frits Van Kanpen (62), magnet attachments provide significantly less 

retention than other stud and bar-clip attachments. Moreover, magnetic attachments 

were revealed to produce magnetic corrosion decreasing quality in retention 

characteristics (11). Some magnet attachments exhibited corrosion and shiny spots 
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after use for three months (62).  Most magnetic attachments provided a retentive force 

less than 10 N.

There are three studies of retention of implant retained auricular prostheses 

including Williams, de Sousa and Nestle. The purpose of the study of Williams (9) is 

to compare the retention and load transfer of differently designed of implant retained 

auricular prostheses, retention was compared between two attachments, splinted Hader 

bar with three metal clips and three non-splinted Locator attachments. Three 

craniofacial implants were embedded in the photoelastic models for both retention and 

stress distribution studies. The Locator attachment demonstrated significantly higher 

retention than the Hader bar with three clips. The Locator demonstrated the highest 

initial retention (55.1 N). The highest value recorded for the Hader bar with clips was 

33.3 N. For both attachment designs, retention decreased as the number of removals 

increased. The stresses developed in the simulated temporal bone during parallel 

removal of the devices were observed. For the Locator attachment, the stresses 

observed were higher for the middle and inferiorly positioned implants. On the other 

hand, the stresses observed for the Hader bar were higher only on the inferiorly 

positioned implant. In general, the locator showed higher overall generated stresses 

than the bar. In 2008, Andrea Alves de Sousa (9) evaluated and compared the 

mechanical behavior of two retention systems, bar with clip and magnet of implant 

retained auricular prostheses before, during and after wear testing. The result showed 

the initial retention of attachments and the most retentive attachment was three clips 

(2.00MPa), followed by two clips (0.9527MPa), three magnets (0.3433MPa) and two 

magnets (0.1233MPa). The type and design of attachments of most reviewed studies 

are performed in individual attachment type. There are absent of combination design.  

From Tables 2-3 and 2-4, the speed rate of removal was reviewed in both 

overdenture and auricular prostheses. Three previous studies used 50 mm/min as a 

speed rate of removal to test the retention of implant retained overdentures (66, 67, 

69). The 50 mm/min crosshead speed has been reported to approximate clinically 

relevant movement of the denture away from the edentulous ridge (69). One previous 

study choose 2 in/min, which equals to 50.8 mm/min, to test the retention of implant 

retained auricular prostheses (10). 
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Table 2-3 Comparison of retentive forces from different attachments in implant 

retained overdenture. 

Study
/year

No. of 
Implant 

Test parameters Attachment system / 
Retention (N) Cross head 

speed 
Direction of 
force

Rutkunas et 
al./ 2007 (66) 

1 50 mm/min. Axial Linear dislodgement 
1.Manedisc 500=4.5 N 
2.Magfit EX 600W=4.7N 
3.Magfit-RK= 5.8 N 
4.Hyperslim 4013= 4.9 N 
5.Hyperslim 4513=5.6 N 
6.OP anchor#4= 3.7 N 
7.Locator root pink=10.6 N 
8.ERA white= 9.9 N 
9.ERA orange= 10.9 N 

Michelinakis 
et al./2006 
(67)

2 50 
mm./min 

Axial 1. 2 ball and socket= 34.56 N 
2. 1 bar/2 red clip= 31.41 N 
3. 1bar/2 yellow clip=20.33 N 
4. 1 bar/2 white clip= 18.47 N 
5.  2 Magnets= 1.23 N 

Gulizio et 
al./2005 (68) 

2 2 mm./sec Axial  1. Ball (Straumann)= 23.8N 
2. Ball (Cendres and 
Metaux)= 19.4 N 

Kwok-Hung
Chung/2004
(69)

2 50 mm./min Axial Maxi 2 magnet= 3.68 N 
Magnedisc magnet= 3.69 N 
Shiner SR Magnet= 3.88 N 
Locator LR pink= 12.33 N 
ERA white= 23.76 N 
Hader bar& metal clip=24.15 
N
Spheroflex ball= 27.34 N 
Locator LR white=28.95 N 
ERA grey=35.24 N 

Botega,
D.M/ 2004 
(70)

2 NA Axial 1.O-ring system  
(Lifecore )=19.41 N 
2. Bar clip system 
(Lifecore )=16.27 N 
3. O-ring system 
 ( Conexao)= 12·78 N 
4. Bar clip system 
 ( Conexao)= 36·92 N 
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Table 2-3(cont.) Comparison of retentive forces from different attachments in implant 

retained overdenture  

Study
/year

No. of 
Implant 

Test parameters Attachment system / 
Retention (N) 

Cross head 
speed 

Direction of 
force

Svetlize and 
Bodereau
/2004 (71) 

2 3 mm/min Axial 1.Magnets-dyna=3.53 N 
2.Magnets-shiner= 6.87 N 
3.Ball (0-ring) (Life 
core)=11.07 N 
4.Ball(Dalla-Bona)( Life 
core)= 22.7 N 
5.Ball(Ceka Revax)= 21.88 N 
6.ZAAG= 15.74 N 

Petropoulos
et al./2002 
(72)

2 50.8 
mm/min 

Axial Zest Anchor Advanced 
Generation = 37.2 N 
 Nobel Biocare standard 
ball = 24.3 N 
ERA orange = 18.5 N 
Nobel Biocare 2.25-mm-
diameter ball =17.8 N 
ERA white =12.7 N 
Zest Anchor =11.6 N 

Frits Van 
Kampen et 
al./2000 (62) 

2 NA Axial Magnet(Dyna magnet ES)
=8.1 N 
Ball(Frialit-2, Friadent) 
=31.3N
Bar-clip(IMZ, Friadent)=29.7 
N

Naert et 
al./1999 (73) 

2 NA Axial 1.Egg-shaped dolder bar with 
continuous clip = 16.8 N 
2.O-ring = 6.6 N 
3.Magnet = 3.7 N 

Burns et 
al./1995 (74) 

2 NA Axial 1.Integral o-ring=9.3 N 
2.Shiner magnet=4.8 N 

NA = Not available 
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Table2-4 Comparison of retentive forces from different attachments in implant 

retained auricular prostheses 

Study

/year

No. of 
Implant  

Attachment 
system

Test parameters Retention 

Cross
head
speed 

Direction
of forces 

Andrea
Alves de 
Sousa/200
8 (9) 

2 1.Two and three 
Bar-clip
attachment( INP 
system) 

2.Two and three 
magnet system( 
Metalmag) 

10 mm 
/s 

Axial Tensile strength force 
Two clips= 0.9527 
MPa
Three clips= 2.0008 
MPa
Two magnets= 0.1233 
MPa
Three
magnets=0.3433MPa 

Williams 
B

/2007(10)

3 1.Locator clear( 
Zest Anchors, 
Escondido,CA)
 2.Hader bar 
with 3 clips 
(APM-
Sterngold,
Attleboro, MA) 

2
in/min 

Axial Three Pink Locators = 
12.4 ±0.9 lb ( 55.1 N), 

Hader bar with 3 
Yellow clips = 
7.5±1.1 lb ( 33.3N) 

Nestle B/ 
1999 (75) 

1 Magnet 6.5, 5.4, 
4.35 mm in 
height (Steco-
titanmagnetics 
, Steco-system-
Technik GmbH, 
Hamburg, 
Germany) 

NA Axial Magnet 6.5 mm. in 
height
 = 1.98 N 
Magnet 5.4 mm. in 
height
= 1.59 N 
Magnet 4.35 mm. in 
height
= 1.76 N 

NA = Not available 
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4.2 Influence of the removal angulation to the removal force 

Displacement of removable prostheses occurred in highly varied patterns 

(76). Federick et al. (76) reviewed attachment systems for mandibular two implants 

overdenture. Findings from comparative retentive force investigations on ball and 

magnetic attachments under multiple directions failed to draw a valid correlation 

between the retentive force and the direction of the dislodging forces. Ball attachments 

generally achieve significantly higher retentive forces compared to magnetic 

attachments under either axially or paraxially dislodging forces. Magnetic attachments 

reflected a tendency to exert maximum retention when dislodged from the anterior 

direction while minimum retention was recorded under posteriorly directed force. 

Rutkunas et al. (66) have investigated dislodgement patterns of implant retained 

overdentures including linear, anterior rotational, lateral rotational and posterior 

rotational patterns. Most rotational dislodgement of stud attachment showed higher 

retention than linear dislodgement. Nestle et al. (75) have reported the effect of 

angulations of force to the retention of magnetic attachment of implant retained 

auricular prostheses. Angles between force direction and inserted axis were 0º, 15º, 

30º, 45º, 60º, 75º. The result of the study was shown in Table 2-5. Williams et al. (10) 

have reported the stress intensity around implant of auricular prostheses. Two different 

attachments, Hader bar and clip versus Locator, were removed with two different 

angulations. The result showed stresses developed in different positions of implants 

under two different removal angulations.  

       Although the alignment of implant positions between overdentures 

and auricular prostheses was different, the angulation of removal still affected the 

retention. Most of the removal force for implant retained auricular prostheses were 

paraxial or shear force, which can dislodge the prosthesis to the anterior-posterior or 

inferior-superior direction. In summary, different removal angulations influenced the 

retention of removable prostheses.  
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Table 2-5 Removal forces of different removal angulations   

Study / Year Angulation of 
removal force 

Attachment system/ Retention 

Rutkunas et 
al./2007 (66) 

Linear
Anterior
Lateral
Posterior

Linear dislodgement 
1.Manedisc 500=4.5 N 
2.Magfit EX 600W=4.7N 
3.Magfit-RK= 5.8 N 
4.Hyperslim 4013= 4.9 N 
5.Hyperslim 4513=5.6 N 
6.OP anchor#4= 3.7 N 
7.Locator root pink=10.6 N 
8.ERA white= 9.9 N 
9.ERA orange= 10.9 N 
Anterior dislodgement 
1.Manedisc 500=6.7N 
2.Magfit EX 600W=7.2N 
3.Magfit-RK= 7.7N 
4.Hyperslim 4013= 7.8 N 
5.Hyperslim 4513=10.6N 
6.OP anchor#4= 5.4 N 
7.Locator root pink=14.8 N 
8.ERA white= 14.5N 
9.ERA orange= 13.3 N 
Lateral dislodgement 
1.Manedisc 500=2.8 N 
2.Magfit EX 600W= 3.3N 
3.Magfit-RK= 4.1 N 
4.Hyperslim 4013= 3.9 N 
5.Hyperslim 4513=4.7 N 
6.OP anchor#4= 3.3 N 
7.Locator root pink=7.7 N 
8.ERA white= 8.9 N 
Posterior dislodgement 
1.Manedisc 500=1 N 
2.Magfit EX 600W=1.3N 
3.Magfit-RK= 1.9 N 
4.Hyperslim 4013= 1.5 N 
5.Hyperslim 4513=1.7 N 
6.OP anchor#4= 8.5 N 
7.Locator root pink=14.6 N 
8.ERA white= 15.4 N 
9.ERA orange= 16.2 N 
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Table 2-5 (cont.) Removal forces of different removal angulations

Study / Year Angulation of 

removal force 

Attachment system/ Retention 

Petropoulos et 

al./2002 (72) 

Axial
Oblique
Antero-posterior

Axial dislodgement 
 Zest Anchor Advanced 
Generation = 37.2 N 
 Nobel Biocare standard 
ball = 24.3 N 
ERA orange = 18.5 N 
Nobel Biocare 2.25-mm-diameter ball =17.8 N 
ERA white =12.7 N 
Zest Anchor =11.6 N 
Oblique dislodgement 
Zest Anchor Advanced 
Generation = 27.2 N 
Nobel Biocare standard 
ball = 20.0N 
ERA orange = 19.1 N 
Nobel Biocare 2.25-mm-diameter ball =17.7 N 
ERA white =12.5 N 
Zest Anchor =12.3 N 
Antero-posterior dislodgement 
Nobel Biocare standard 
ball =34.6 N 
Nobel Biocare 2.25-mm-diameter ball =32.9 N 
Zest Anchor Advanced 
Generation =15.5 
ERA orange =8.6 N 
ERA white = 8.4 
Zest Anchor =5.2 N 

Nestle B/1999 

(75)

Angle between 
force direction and 
insert axis: 0º, 15º, 
30º, 45º, 60º, 75º 

Magnet 6.5 mm. in height 
0º= 1.98 N 
15º= 1.84 N 
30º= 1.62 N 
45º= 1.32 N 
60º= 1.07 N 
75º= 0.84 N 
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Table 2-5 (cont.) Removal forces of different removal angulations

Study / Year Direction of 

removal force 

Attachment system/Retention 

Nestle B/ 1999 
(75)
(cont.)

Angle between 
force direction and 
insert axis: 0º, 15º, 
30º, 45º, 60º, 75º 

Magnet 5.4 mm. in height 
0º= 1.59 N 
15º= 1.56 N 
30º= 1.43 N 
45º= 1.21 N 
60º= 0.84 N 
75º= 0.75 N 
Magnet 4.35 mm. in height 
0º= 1.76 N 
15º= 1.69 N 
30º= 1.48 N 
45º= 1.34 N 
60º= 0.98 N 
75º= 0.80 N 

From the literature review, there are no combination designs of attachment 

such as Hader bar with clip and ERA or Locator, are studied. Also, there are no 

different removal angulations, 45° and 90° angulations are tested with combination 

design attachment of implant retained auricular prostheses. Thus, investigation and 

comparison of the initial removal force of different attachment designs and removal 

angulations are interesting. 

Copyright by Mahidol University



Ongart Puttipisitchet                                                                                         Materials and Methods / 32 

CHAPTER III 

 MATERIALS AND METHODS 

Materials

The dental materials used included: 

1. Craniofacial implants analogue 3.75 mm in diameter, 4 mm in length ( 

Nobel Biocare Goteborg, Sweden) 

2. Gold cylinders ( Nobel Biocare, Goteborg, Sweden) 

3. Gold screws ( Nobel Biocare, Goteborg, Sweden) 

4. Plastic Hader bars and metal clips ( Sterngold, Cookson Com., La 

Chaux de-Fond, Switzerland) 

5. ERA male and female (Casting type) (ERA system micro-size, 

Sterngold, Cookson Com., La Chaux-de-Fond, Switzerland)

6. Locator male and female (Cast to type) (Zest Anchors, Escondido, CA, 

USA) 

7. Clear auto-polymerizing acrylic resin (Ortho Jet Acrylic, Lang Dental 

Manufacturer Co., IL, USA  ) 

8. GC pattern resin ( Pattern resin, GC Co., Tokyo, Japan) 

9. Silver Palladium alloy (Spartan Plus,  Ivoclar Vivadent, Inc., Amherst, 

NY, USA) 

10.Baseplate wax ( Cavex TT 100, Holland) 

11.Carbide bur ( Komet, Germany) 

12.Blue inlay casting wax ( Type II, Kerr Mfg. Co., Romulus, MI, USA)   

Apparatus
The instruments involved in the research comprised: 
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1. A universal testing machine (Instron model 5566, Instron Corporation, 

Canton, MA, USA) 

2. Ney surveyor (Ney Com., Hartford, CT, USA) 

3. Pressure curing unit (Leone, Italy) 

Methods

1. Fabrication of acrylic resin blocks 

Acrylic resin blocks are fabricated in rectangular shape to simulate of the 

temporal area. The dimensions of acrylic resin block are 20 mm in height, 40 mm in 

width and 10 mm in thickness (Fig. 3-1). Slots were created by carbide bur drilling. 

The distance between slots was 15 mm. Then, two craniofacial implant analogues 3.75 

mm. in diameter and 5 mm. in length were inserted in the slot, clear autopolymerizing 

acrylic resin was used to fill and connect between implant analogues and acrylic resin 

block (Fig.3-2).

Fig. 3-2 Acrylic resin block with two implant analogues 

40

20 mm

Fig. 3-1 Demonstrating diagram of width and heigth of the acrylic resin block 

40 mm

15 mm
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2. Fabrication of attachment framework 

            Gold cylinders, 4 mm. in height, are connected on top with gold screws. 

The 15 mm length plastic Hader bar is connected between gold cylinders by GC 

autopolymerizing resin pattern. Three attachment designs were fabricated by the 

details of each design (Fig. 3-3, 3-4, 3-5). Then the framework pattern was invested 

and casted using silver palladium. A passive fit was obtained between the metal 

framework and the seated abutments.  

Three attachment designs:  

Design 1: Two plastic Hader bars were connected to gold cylinders with auto 

polymerized PMMA resin. The plastic bars were attached to gold cylinders at a 45° 

angle to the axis of the bar in opposite direction. The length of the cantilever bar was 

12 mm (Fig. 3-3).  

                            

Fig. 3-3 The first design: three Hader bars and clips. 

Design 2: Female ERA attachments were attached to gold cylinders at a 45° angle to 

the axis of the bar in opposite direction with autopolymerized PMMA resin using a 

Ney surveyor to determine the path of insertion of the clip and the male part of the 

ERA attachment. The female ERA attachments had to be approximately 2.0 mm above 

the acrylic resin mold. The cantilever ERA length was 5 mm (Fig. 3-4) 

12mm

15 mm

45º 

12mm

Design 1 

Three Hader bars with 
three clips

45º 
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Fig.3-4 The second design: one Hader bar with clip with two ERA attachments 

Design 3: The female Locator attachments were attached to gold cylinders at a 45° 

angle to the axis of the bar in opposite direction with autopolymerized PMMA resin 

using a Ney surveyor to determine the path of insertion of the clip and the male part of 

the Locator attachment. The Hader bar and female Locator attachment had to be 

approximately 2.0 mm above the acrylic resin mold. The female portions of the 

Locator attachments were higher than bar level by 3 mm. The length of the cantilever 

Locator was 6 mm (Fig. 3-5).  

Design 2 

One Hader bar and 

two ERA attachments 
15 mm

45º 

45º 

5 mm

5 mm
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Fig. 3-5 The third design: one Hader bar with clip with two Locator attachments 

Table 3-1: Three designs of attachment  

Design Color of clip Auxiliary attachment 

I Yellow Yellow clip 
 Red Red clip 
II Yellow White ERA 
 Yellow Orange ERA 
 Yellow Blue ERA 
 Yellow Grey ERA 
 Red White ERA 
 Red Orange ERA 
 Red Blue ERA 
 Red Grey ERA 
III Yellow Blue Locator 
 Yellow Pink Locator 
 Yellow Clear Locator 
 Red Blue Locator 

       Three designs of palladium casted framework are shown (Fig. 3-6). Colors 

of each attachment design are shown (Fig. 3-7). The detail of three attachment designs 

were showed in Table 3-1 separated by the color of clip and auxiliary attachments. 

Design 3 

  One Hader bar

 Two Locator attachments
15mm

6mm

6mm

45º

45º
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   Fig. 3-10 The upper (A) and lower (B) parts of the Instron testing machine 

Fig. 3-11 The first acrylic resin base set 90 degree to the horizontal plane. 

Fig. 3-12 The second acrylic resin base set 45 degree to horizontal plane 

6. Specimen connection 

              At first, the acrylic resin block was inserted in the acrylic resin base. The 

correct position was checked. Then, a carbide drilling bur was used to prepare slots for 

metal screw insertion by drilling from outside of the acrylic resin base into the middle 

part of the acrylic resin mold. Afterward, the metal screws were used to connect the 

acrylic resin base and acrylic resin mold. The metal screws were screwed tightly. After 

the acrylic resin base was connected to the acrylic resin mold, the attachment metal 

framework was connected to implant analogues with gold screws. Then, acrylic 

housing which connected to metal connection by clear autopolymerizing acrylic resin 

layering was placed on the metal framework. This procedure was applied to both 45º 

and 90º removal angulations (Fig. 3-13 and 13-14).

A B 
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Fig. 3-13 All parts of the specimen were connected for 45º removal angulation. 

A: Acrylic resin base for 45º 

removal angulation  

 B: Metal screw  

C: Acrylic resin block

D: Attachment metal 

framework  

E: Acrylic housing . 

F:  Metal connection for 45º 

removal angulation  

    
Fig. 3-14 All parts of the specimen were connected for 90º removal angulation. 

G: Acrylic resin base for 90º 

removal angulation  

H: Metal screw  

I: Acrylic resin block

J: Attachment metal framework  

K: Acrylic housing (K) 

L: Metal connection for 90º 

removal angulation  

7. Removal force testing 

             After the metal connection framework was connected to the acrylic 

housing and the acrylic resin mold was connected to the acrylic resin base, the 

specimen was ready for testing. Six specimens were tested for each designs. All 

A

D

C

B
E

F

G
H

I

J

K

L
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specimens were brought to test the removal forces with the Instron universal testing 

machine (Fig. 3-14). The removal forces were determined at a crosshead speed of 50.8 

mm/min. The specimen was pulled until complete removal occurred. The removal 

forces were recorded in Newtons (N). 

Fig. 3-15 Demonstrated figure of specimen in the Instron Universal Testing Machine.

STATISTIC ANALYSIS 

       The data were analyzed by SPSS  version 13 for Windows (SPSS Inc., 

Chicago IL, USA). Mean and standard deviations were computed. The Levene’s test 

was used to determine the homogeneity of variances. If the results showed equal 

variance, Two-way ANOVA was used to determine the effects of interaction of 

designs and removal angulations on the removal force at the p value = 0.05 level. 

When a statistical significant difference was detected, multiple comparisons tests, 

Tukey HSD, were used to determine the pair differences.  

On the other hand, if the data showed unequal variance, the non parametric 

analysis, Kruskal-Wallis Test, was used. When a significant difference was detected, 

the multiple comparison tests for non parametric statistic were manually calculated to 

determine the pair differences. 
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CHAPTER IV 

RESULTS

The removal force of three designs (sixteen types) of attachment removed 

from two angulations, 45º and 90º are shown in Table 4-1. Number of the removal 

times are six (n = 6).  

Table 4-1 Mean and standard deviation values of removal forces  

Design Attachment Mean ± Standard deviation of removal forces 
in newton (N) 

45º 90º 

I Three yellow clips 33.731±0.799 12.636±1.957 

I Three red clips 49.039±1.758 20.578±2.204 

II Yellow clip, white ERA 30.555±1.979 23.650±1.736 

II Red clip, white ERA 31.888±1.069 24.682±2.176 

II Yellow clip, orange ERA 40.808±1.875 27.048±1.445 

II Red clip, orange ERA 43.066±1.602 29.070±1.475 

II Yellow clip, blue ERA 40.449±1.019 30.266±0.746 

II Red clip, blue ERA 40.624±1.476 32.571±1.405 

II Yellow clip, grey ERA 52.916±1.836 36.283±.8757 

II Red clip, grey ERA 52.734±2.134 34.332±1.885 

III Yellow clip, blue locator 35.006±2.142 37.890±3.073 

III Red clip, blue locator 39.570±2.093 39.168±2.427 

III Yellow clip, pink locator 40.877±1.498 43.052±1.203 

III Red clip, pink locator 40.964±1.705 42.275±2.369 

III Yellow clip, clear locator 53.426±1.945 44.733±2.033 

III Red clip, clear locator 54.758±1.471 45.286±2.238 
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 Fig. 4-1 Removal force of sixteen types of attachment in 45° and 90° removal 

angulations

                  Two-way ANOVA was used to evaluate the removal force of two removal 

angulations in combination with sixteen types of attachment. A statistically significant 

difference among removal forces of different attachment designs and removal 

angulations was demonstrated at the p value <0.05. The multiple comparisons test, 

Tukey HSD, was used to determine the pair differences. 

The results of removal force are shown below: 

1. The removal force was influenced by the retention of the attachment 

and removal angulations (Table A1) 

2. Forty-five degrees of removal angulation exhibited more removal force 

than 90° in all attachments of design I and II but not all of attachment design III (Fig. 

4-1).
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3. Removal forces of attachment design I, three Hader bars and clips are 

summarized below (Fig. 4-2). 

           In both yellow and red clip groups, both 45° and 90° removal angulation 

had statistically significant difference (p<0.05). It was summarized that for all types of 

attachment design I, the effect of removal angulations had a statistically significant 

difference.

           In both 45° and 90° removal angulations, both three red clips and three 

yellow clips had a statistically significant difference (p<0.05). It was concluded that 

for all types of attachment design I, the effect of retention of clip color had a 

statistically significant difference. 

Fig.4-2 Comparison of means of removal forces in attachment design I  

The letter a, b, c and d were used to classified means of removal force. The 

different letters indicated the statistically significant difference of the mean of removal 

force (p<0.05). 

4.  Removal forces of attachment design II, one Hader bar with clip and 

two  ERA, are summarized below (Fig. 4-3)                 
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Fig. 4-3 Comparison of means of removal forces in attachment design II  

 The letters a, b, c, d, e, f, g, h were used to classify means of removal 

force. The different letters indicated for the statistically significant difference of the 

removal force (p<0.05). 

The 45° removal angulations were divided into yellow and red central clip 

groups with white, orange, blue and grey ERA male attachments. 

In both yellow and red central clip groups of 45° removal angulation, 

white ERA had a statistically significant difference from orange, blue and grey ERA 

(p<0.05). Both orange and blue ERA had no statistical significant difference but had a 

statistically significant difference from grey ERA (p>0.05).

 The 90° removal angulations were divided into yellow and red central clip 

groups with white, orange, blue and grey ERAs. 

                   In the yellow central clip group of 90° removal angulation, white and 

orange ERA had no statistically significant difference (p>0.05). Orange and blue ERA 

had no statistically significant difference (p>0.05). Grey ERA had a statistically 

significant difference from white, orange and blue ERAs (p<0.05). 
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                   However, in the red central clip group of 90° removal angulation, white 

ERA had a statistically significant difference from blue, orange and grey ERA 

(p<0.05). Orange and blue ERAs had no statistically significant difference (p>0.05). 

Blue and grey ERAs had no statistically significant difference (p>0.05). 

                   It was concluded that color of the central clip, both yellow and red had no 

statistically significant difference in attachment design II. However, color of auxiliary 

attachments (ERA) and the removal angulation had a statistically significant difference 

in attachment design II. 

5. Removal forces of attachment design III, one clip and two Locator, are 

summarized below (Fig. 4-4). 

The 45° removal angulations were divided into yellow and red central clip 

groups with blue, pink and clear Locator attachments. In the yellow central clip group 

of forty 45° removal angulation, blue, pink and clear Locators had a statistically 

significant difference (p<0.05). However, in the red central clip group of 45° removal 

angulation, blue and pink Locators had no statistically significant difference (p>0.05). 

Pink and clear Locators had a statistically significant difference (p<0.05). 

                  The 90° removal angulations were divided into yellow and red central clip 

groups with blue, pink and clear Locator attachments. In the yellow central clip group: 

blue and pink Locators had statistically significant difference (p<0.05). Pink and clear 

Locator had no statistically significant difference (p>0.05). However, in the red central 

clip group, blue and pink Locators had no statistically significant difference (p>0.05). 

Pink and clear Locator had no statistically significant difference (p>0.05) but blue and 

clear Locators had a statistically significant difference (p<0.05). 

It was concluded that the influence of the central clip color in attachment 

design III had no statistically significant difference. However, removal angulations in 

all types of attachment design III had no statistically significant difference in yellow 

and red clips /blue and pink Locators but had a statistically significant difference in 

yellow and red bar/clear Locators. 
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Fig. 4-4 Comparison of means of removal forces in attachment design III  

The letter i, j, k, l, m, n were classified by means of removal force. 

Different letters indicated statistically significant difference of the removal force 

(p<0.05).

6.  Comparisons and grading of the removal force level of all attachments 

were done based on color of central clip and removal angulation. The first comparison 

was done in yellow central clip group (Fig. 4-5). The second comparison was done in 

red central clip group (Fig. 4-6).
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Fig. 4-5 Comparison of means between 45º and 90º removal angulation in yellow 

central clip groups

The letters A, B, C, D, E, F, G, H, I, J were classified by means of removal 

force. Different letters indicated statistically significant difference of the removal force 

(p<0.05).

 From statistical analysis, we can divide the removal force of the yellow 

central clip group according to the removal angulation into three to four levels 

according to Table A5.  

In 45° removal angulation group: 

1.  Low level:  White ERA (30.55N), three yellow clips(33.73 N) and blue 

Locator (35.0N)
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2.  Moderate level: Blue ERA (40.45N), orange ERA (40.81N) and pink 

Locator(40.88N)

3. High level: Grey ERA (52.92N) and clear Locator (53.43N) 

In ninety degree removal angulation group: 

1. Very low level: Three yellow clips (12.63N)

2. Low level: White ERA (23.65N), orange ERA (27.05N) and blue ERA 

(30.27N).

3.  Moderate level: Grey ERA (36.28N) and blue Locator (37.89N)

4. High level: Pink Locator (43.05N) and clear Locator (44.73N)

Fig.4-6 Comparison of means between 45º and 90º removal angulation in red central 

clip groups.
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The letter K, L, M, N, O, P, Q, R and S were classified by means of 

removal force. Different letters indicated statistically significant difference of the 

removal force (p<0.05). 

        From statistical analysis, we can divide the removal force of red central 

clip group according to the removal angulation into three to four levels according to 

Table A5.

In 45° removal angulation group: 

1. Low level: White ERA (31.89N)

2. Moderate level: Blue Locator (39.57), blue ERA (40.62N), pink 

Locator (40.96N) and Orange ERA (43.07N), 

3. High level: Three red clip (49.04N), grey ERA (52.73N)and clear 

Locator (54.76N) 

      In 90° removal angulation group: 

1. Very low level: Three red clips (20.58N) 

2. Low level: White ERA (24.68) 

3. Moderate level: Orange ERA (29.07N), blue ERA (32.57N) and grey 

ERA (34.33N) 

4. High level: Blue Locator (39.17N), pink Locator (42.27N) and clear 

Locator (45.29N) 
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CHAPTER V 

DISCUSSION 

Removal forces from three attachment designs were summarized as shown 

in Table 4-1. Three attachment designs provided different retention following the color 

of each attachment system. Two removal angulations in each attachment provided 

different retention also. Therefore, it was summarized that only attachment design did 

not influence removal force but attachment color from each attachment system and the 

removal angulation influenced removal force. Each attachment system had their 

specific feature and dimension which reflect the varying retention. Then, attachment’s 

retention between other studies and this study was compared with the axial 

dislodgement (Table 5-1). The attachment design I, the retention of three yellow clips 

from Williams’ study (10) showed 33.3 N, was higher than the retention of this study 

(12.6 N). The attachment design II, two white ERAs from Petropoulos (72) showed

12.7 N and 22.3 N from Kwok-Hung Chung (69). One clip with two white ERAs from 

this study showed 23.6 to 24.7 N in retention which higher than the result from 

Petropoulos but closed to the result from Kwok-Hung Chung. The retention of two 

orange ERAs from Petropoulos showed 18.5 N which less than 27.05 to 29.1 N from one 

clip with two orange ERAs in this study. The retention of two grey ERAs from Kwok-

Hung Chung showed 35.2 N which close to the result of this study, 34.3 to 36.3 N. The 

attachment design III, the retention of two pink Locators from Kwok-Hung Chung 

showed 12.3 N which less than the retention of one clip and two pink Locators (42.3 to 

43.2 N). The retention of two clear Locators from Kwok-Hung Chung showed 28.9 N 

which less than the retention of one clip and two clear Locators (44.7 to 45.3 N).

The results of retention from Williams, Petropoulos and Kwok-Hung 

Chung were different from this study. The differences could come from different 

removal techniques such as speed rate of removal, and the attachment designs.   

Table 5-1 Comparison of attachment retention between other studies and this study 
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Authors/ Year Results of other studies Results of the study 
Design I Williams B/ 2007 

(10)
Three yellow clips= 33.3 
N

Three yellow clips= 12.6 
N

- - Three red clips= 20.6 N 
Design
II

Petropoulos/2002
(72), Kwok-Hung 
Chung/2004 (69) 

Two White ERAs =12.7, 
22.3  N 

One clip with two white 
ERAs= 23.6 to 24.7 N 

Petropoulos/ 2002 
(72)

Two Orange ERAs=18.5 
N

One clip with two orange 
ERAs= 27.05 to 29.1 N 

- - One clip with two blue 
ERAs= 30.3 to 32.6 N 

Kwok-Hung
Chung/ 2004 (69) 

Two grey ERAs= 35.2 N One clip with two grey 
ERAs= 34.3 to 36.3 N 

Design
III

- - One clip with two blue
Locators= 37.9 to 39.1 N 

Kwok-Hung
Chung/ 2004 (69) 

Two pink Locators = 
12.3 N 

One clip with two pink 
Locators= 42.3 to 43.2 N 

Kwok-Hung
Chung/ 2004 (69) 

Two clear Locators= 28.9 
N

One clip with two clear 
Locators= 44.7 to 45.3 N 

In clinical situation, the lateral removal force such as 45º angulation was 

the common dislodged force for the auricular prostheses. Then, the forty-five degrees 

removal angulation was major concerned for removal force in this research. 

Comparison of removal force in the yellow central clip group can be classified into 

three groups (Fig.4-5). From low to high, the low group included three yellow clips, 

white ERA and blue Locator. The moderate group included orange ERA, blue ERA 

and pink Locator. The high group included grey ERA and clear Locator. These result 

implied the selection of attachment according to retention level. Comparison of 

removal force in the red central clip group can be grouped into three groups (Fig.4-6). 

From low to high, the low group included white ERA. The moderate group included 

orange ERA, blue ERA, blue Locator and pink Locator. The High group including 

three red clips grey ERA and clear Locator. There are some differences in grouping 

between the yellow and red central clip groups. Then, comparison between two groups 

was categorized in Table 5-2. The bold letters in Table 5-2 were indicated for 

attachments which grouped in same retention level. Interestingly, when three yellow 
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clips were used, low level of retention was seen. But, when three red clips were used, 

high removal force was observed. Comparison of removal force of the yellow and red 

central clip group from 90° removal angulation can be classified and represented in 

Table 5-3.

Table 5-2 Three groups of removed force value in 45° removal angulation 

Retention level Yellow central clip group Red central clip group 

Low White ERA (30.55N)

Three yellow clips (33.73N) 

Blue Locator (35.00N) 

White ERA (31.89N)

Range of removal force (N) 30 to 35 31 to 32 

Moderate Blue ERA (40.45)

Orange ERA (40.81N)

Pink Locator (40.88N)

Blue Locator (39.57N)

Blue ERA (40.62N)

Pink locator (40.96N)

Orange ERA (43.07N)

Range of removal force (N) 40 39 to 43 

High Grey ERA (52.92N)

Clear Locator (53.43N)

Three red clips (49.04N)

Grey ERA (52.73N)

Clear Locator (54.76N) 

Range of removal force (N) 52 to 53 49 to 55 

Removal force levels of the attachment were compared between yellow 
and red central clip groups. It may be summarized the retention level by Table 5-2 that 
range of low retention level was approximately 30 to 35 N, range of moderate  
retention level was approximately 39 to 43 N and range of high retention level was 
approximately 49 to 55 N. 
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Table 5-3 Three groups of removed force value in 90° removal angulation 

Retention level Yellow central clip group Red central clip group 

Very low Three yellow clips (12.63N) Three red clips (20.58 N)

Range of removal force (N) 12 20

Low White ERA (23.65 N)

Orange ERA (27.05 N) 

Blue ERA (30.27 N) 

White ERA (24.68N)

Range of removal force (N)  23 to 30 24 to 25 

Moderate Grey ERA (36.28 N ) 

Blue Locator (37.89 N) 

Orange ERA (29.07N) 

Blue ERA (32.57N)

Grey ERA (34.33N) 

Range of removal force (N) 36 to 38 29 to 34 

High Pink Locator (43.05 N)

Clear Locator (44.73 N)

Blue Locator (39.17N) 

Pink Locator (42.27N)

Clear Locator (45.29N) 

Range of removal force (N) 43 to 45 39 to 45 

Removal force levels of the attachment were compared between yellow 

and red central clip groups. There is the summary of Table 5-3 that range of very low 

retention level was approximately 12 to20 N, range of low retention level was 

approximately 23 to 25 N. Range of moderate retention level was approximately 29 to 

38 N. Range of high retention level was approximately 39 to 45 N. 

Influence of the removal angulation to the removal force 

            In this study, the 45º and 90º removal angulations were chosen and 

represented the angle from lateral and perpendicular forces respectively. Those forces 

were calculated by right triangle trigonometry and physics of vector to explain why 

and how different angles affect removal forces. An understanding of vector was 

essential for an understanding of physics. A vector had two aspects. It had a quantity 

or magnitude, and a direction. Vectors were usually drawn as arrows. This vector had 
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two components x-component and the y-component. The Fig.5-1 showed the force 

vector which angulated in 45º. The original vector was shown in black. If we dropped 

a line from the tip of the original vector straight down to the x-axis and drawn a vector 

along the x-axis from the origin to where this line hit the x-axis, then this newly drawn 

vector was the x-component of the original vector. The x-component was shown in 

red. The tip of the X-component vector was directly below the tip of the original 

vector. A vertical vector (parallel to the y-axis), which rise to this height was called 

the Y-component of the original vector. The Y-component was shown in green. 

45º

X-component

Y-component

Y

X

Fig.5-1 Force vector which angulated in 45º

The original vector was shown in black. The x-component was shown in 

red. The y-component was shown in green. 

 Right triangle trigonometry helped in calculation of X and Y components. 

Ø was used to represent an acute angle in a right triangle. The right triangle definitions 

for the sine, cosine, and tangent of an acute angle in a right triangle were defined as 

following:

sin Ø = Opposite side length/ Hypotenuse length 

cos Ø = Adjacent side length/ Hypotenuse length 

tan Ø = Opposite side length/ Adjacent side length 
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       If the original force vector was 1 N and the angle was known as 45º, we 

can found the Y component by definitions of sin Ø. 

sin Ø = Opposite side length/ Hypotenuse length 

sin 45º =  Y component/ 1 N 

Y component = (sin 45º) (1 N) 

Y component = 0.850903525 N 

       From trigonometry, Y component represented the force of 90º removal 

angulation and original force vector represented the force of 45º removal angulation. If 

force of 45º removal angulation was 1 N, force of 90º removal angulation was 0.85 N. 

Thus, removal force from 45º removal angulation had more higher than removal force 

from 90º removal angulation by force vector calculation. The result of study revealed 

that 45º of removal angulation provided more removal force than 90º in all of 

attachment design I and II but not all of attachment design III (Fig. 4-1). Attachment 

design III utilized Locators. The reason may be that Locators provide dual retention, 

both inside and outside so that, locators can resist removal force from both 

angulations.

     In clinical application, recommendation of removal angulation should be 

considered about removal force and peri-implant stress. The 90º removal angulation 

was recommended due to less removal force using and expected minimal peri-implant 

stress. From study of Williams in 2007 (10), three craniofacial implants were placed in 

the photoelastic resin model to observe the load transfer around craniofacial implants. 

Directions of removal were separated into perpendicular and parallel and two designs 

of attachment include a splinted Hader bar with three clips and three non-splinted 

Locator attachments. In perpendicular removal, the most intense stresses were 

generated by the Hader bar-attached prosthesis and the superiorly positioned implant 

was observed to be a higher stresses. In parallel removal, the Hader bar stresses 

observed were higher on the inferiorly positioned implant. Since craniofacial implants 

were short in length, their placement should be perpendicular to the bone surface to 

allow complete seating of the crestal implant flanges and the stabilizing effects of 

flanges support were reconfirmed by the stress analysis findings (10). Thus, the 90º 
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removal angulation was critical to concern when viewing the peri-implant stress and 

should instruct to patient. 

Influence of the attachment system and design to the removal force 

           The attachment systems in this research included Hader bar and clip, ERA 

and Locator were discussed one by one. The first attachment was Hader bar with clip 

due to it was used in all attachment designs. Hader bar was a semi-precision 

attachment. Palladium copper alloys were recommended for fabrication of the bar 

because sufficient surface hardness as well as very high yield strength (63). The 

influence of the number of clip was clarified by the study of Williams et al in 2001 

(60). This study summarized that increased numbers of Hader clips did not 

significantly increase retention, compared between two and four clips of maxillary 

overdenture. On the other hands, Srithavaj et al (11) commented about number of clip 

for implant retained auricular prostheses. Only two clips which used in auricular 

prostheses represented open margin of prostheses due to the rotation of the clip over 

the round bar on the same straight line. Instead of two clips, three clips at different 

angles could provide more stability and improved the fit of the prostheses (39). In this 

study design, three clips were used according to this concept. Result of this study 

revealed the influence of color of clip to the retention of auricular prostheses. Three 

red clips provided more retention than three yellow clips according to the company 

recommendation. By the level of retention, the three yellow clips were categorized in 

low level group and the three red clips were categorized in high level group. 

             Limitations of bar design are difficulty for hygiene and great load transfer 

to implant. The loads produced by clips on the bar cantilevers generate a moment on 

the implant. Besides, tension distribution to implants can be detrimental when 

associated to mobility of adjacent tissue and cause fracture or wear of clip or 

prosthesis base (77). 

             ERA attachment was used as the new design of auricular prostheses and 

was suggested by Srithavaj et al. (11) to increase retention and prevent rotation of the 

prosthesis. ERA attachment was fabricated in the same level as bar with its micro-size 

which enhanced the esthetic result. Colors of the ERA attachment were available with 
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different retentive capacities due to the company recommendation. From the result, it 

was revealed that influence of the color of clip in attachment design II had no 

statistically significant difference. The possible reason related to the retentive capacity 

of two ERA attachments which were higher than one clip, both yellow and red. Then 

the result was shown that color of clip had no influence over the color of ERA. The 

advantage of clip in this design was to help in stability of the auricular prostheses and 

bar helped in splinting implants to allow the force to transfer to the short implants. The 

most common failure of the ERA is the wear of the rubber ring. However, the ERA 

system induces less stress to implants and generates lower moment than the bar-clip 

system (77).  

Locator attachment was used in the same manner as ERA attachment in 

this research. One characteristic of Locator was dual retention which Locator male 

engage inside and outside of Locator female, presented the greater surface area than 

ERA attachments. In contrast, ERA provide only inside retention with central button. 

Then, Locator was proposed as the alternative and better retention instead of ERA. 

However, in esthetical aspect, when the cast-to type of female Locator was connected 

to gold cylinder, the level of it was over the level of bar about 3 mm which may result 

in an oversize acrylic housing and prostheses. When three designs attachment were 

compared in esthetical aspect, the attachment design I represented the largest 

horizontal dimension due to its 12 mm in length of auxiliary bar. The attachment 

design III represented the highest vertical dimension due to the cast-to type of female 

Locator is above the level of Hader bar about 3 mm (Fig. 5-2). The attachment design 

II was the minimal dimension both in horizontal and vertical dimension among three 

designs. Thus, the size of acrylic housing of attachment design II was the smallest one 

and resulted in the esthetic of auricular prostheses. 

Hader bar ERA Locator

Fig. 5-2 Height of three attachments 
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             From the result, it was revealed that influence of the retention of central 

clip by mean of clip’s color in attachment design III had no statistically significant 

difference. The possible reason related to the retentive capacity of Locator attachment 

itself which higher than clip. Then the result was showed that color of clip had no 

influence over the color of Locator as previously mentioned as ERA. Although the 

recommendation from Locator manufacturer suggested that Locator attachment 

provided the easy insertion due to self locating design but in the laboratory 

experiment, problem of Locator attachment in design III was the difficulty for 

prostheses placement. This problem could cause peri-implant stress when patient 

inserted the auricular prostheses. Moreover, if patient inserted the auricular prostheses 

with an incorrect position, the retention may be decreased from this cause, not by 

attachment system itself.  

Attachment designs may be utilized in a splinted or nonsplinted manner. 

Use of nonsplinted or individual direct abutments required specified relative 

parallelism and positioning in relation to the confines of the prostheses (9). The non 

splinted design that commonly present was magnetic attachment. Magnetic attachment 

had low vertical retention and absent of horizontal retention. In 2008, De Sousa et al. 

compared the retention between magnet and bar-clip attachment for implant retained 

auricular prostheses. These results showed that the highest tensile strength was 

observed in 3 clips (2.00 MPa), followed by those with 2 clips (0.95 MPa), 3 magnets 

(0.34 MPa), and 2 magnets (0.12 MPa) respectively. The bar-clip systems showed an 

increase in tensile strength after some insertion and removal cycles. This increased 

retention occurs as a result of the activation of the elastic memory of the materials 

used in the manufacturing of clips (8). In study of Nestle, magnet attachment show 

less resistance to lateral removal force. When the angle between removal force 

direction and insert axis was higher, the retention was decreased (75). The possible 

reason was magnet had absent of horizontal retention. In contrast from Nestle study, 

result of this study revealed that the removal force was increase when lateral force 

such as 45º performed. 

        The use of a splinted connection between the individual implants allowed 

repositioning of the attachment devices independent of the specific implant location 
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and positions in relation to the prostheses. Moreover, the concept of splinting implants 

was commonly used to allow the force to transfer to the short implants. Moreover, a 

splinted implant bar provided an increase in lateral surface to assist in horizontal 

stability and improved the overall resistance of an appliance to lateral displacement 

(9). On the others hands, splinting design did not increase the retentive value of the 

attachment but it facilitated only more favorable placement of any attachment in 

relation to the function, placement and removal of the prostheses (60). In contrary, 

McCartney (78) in 1991 postulated that bar-clip attachment prostheses were more 

difficult to insert than magnet retained prostheses because of the demanding of 

specific position and limited visual access. For elderly patients who had limited 

manual dexterity skill, the magnetic attraction facilitated the correct positioning of the 

auricular prostheses during placement. However, in selecting the magnetic system, one 

must consider daily activities of the patient because an accidental dislodgment of the 

prosthesis can occur with lateral movement. This dislodgment is biomechanically 

favorable because it protects against transmission of detrimental forces to mechanical 

and biologic supporting structures (69, 77).

Influence of type of primers used for bonding between acrylic resin 

and silicone

      Selection of type of primers, silicones and acrylic resins was crucial for 

bonding and influence the retention of auricular prostheses. Retentive forces from 

Table 2-3 and 2-4 were shown from low to high depending on type of primer and 

specific silicone and acrylic resin. The range or retentive force was 45.97 to 187 N. If 

selection of low retentive force such as 45.97 N from primer A-306 with 

autopolymerizing acrylic resin and MDX4-4210 was used simultaneously with high 

retentive attachment type such as clear Locator which provided approximately 50 N 

removal force, the bonding between silicone and acrylic will definitely break when 

high removal force was performed. Thus, selection of high retentive bonding provided 

the predictable result and increased longevity of auricular prostheses (64, 65). 
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Cost effectiveness and attachment selection

In this study, influence of attachment wear was not tested. However, in 

clinical situations, attachment wear and life time of each attachment should be 

considered related to cost effectiveness and periodical recall. Study of Rutkunas et al 

in 2006 compared the retention between magnetic and stud attachment. Attachment 

wear was evaluated under the following conditions: 2000 cycles, 50 mm/min 

dislodgement speed and 100-Hz sampling rate. After the wear test, retentive properties 

of white and orange ERA decreased and statistically significant decreased of retentive 

force for pink Locator was noticed in axial dislodgement  also (66). Then, cost of 

attachment and wear rate of each attachment should be considered for proper 

attachment selection. Cost of three attachment designs were shown in Table 5-4, 5-5, 

5-6.
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Table 5-4 Cost of attachment design I 

Components Price (Baht)
Plastic bar 233
Three metal housing 1,500
Three plastic clip 699
Palladium 3.4 g 2,040
Laboratory fee 1,070
Total 5,552

 Table 5-5 Cost of attachment design II 

Components Price (Baht)
Plastic bar 233
One metal housing 500
One plastic clip 233
Palladium 2.7 g 1,620
Laboratory fee 1,070
ERA casting type 1,570
ERA male attachment 256
Total 5,482

Table 5-6 Cost of attachment design III 

Components Price (Baht)
Plastic bar 233
One metal housing 500
One plastic clip 233
Palladium 3.2 g 1,920
Laboratory fee 1,070
Male and Feale Locator (cast to type) 2,200
Locator processing 1,500
Total 7,656

Costs of three attachments were categorized into attachment design II, I 

and III from low to high respectively. In design I and II, the costs were approximately 

equal but for design III, the cost was significantly high from design I and II. 
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According to results of removal forces of three designs, the color of each attachment 

system influenced the retention, not the attachment design.  Hence, selection of lowest 

price from three attachment design was reasonable. The design II showed lowest cost 

with similar retention compared to other designs, so it should be the first choice for 

attachment selection.    

Further study 

In this research, the removal force values from all specimens were the 

initial removal force. However, patient had to insert and remove the auricular 

prostheses daily. Thus, wear of attachment after multiple cycles of insertion and 

removal should included in further study. Moreover, load transfer characteristics 

during attachment removal should be investigated by means of the photoelastic model 

or finite element analysis to see the peri-implant stress. Design of attachment in this 

study was splinted design but non splinted design was performed in some clinical 

situations. Then, non-splinted design should be studied.

Copyright by Mahidol University



Ongart Puttipisitchet                                                                                                            Conclusion / 64 

CHAPTER VI 

CONCLUSION

 Removal forces of three attachment designs and two removal angulations 

of implant retained auricular prostheses were evaluated. The attachment design was 

not influenced the removal force. However, the attachment color and removal 

angulations influenced the removal force. The removal forces from 45º removal 

angulation which represented the lateral force were grouped in three retention levels. 

In this study, the proper attachment selection was based on the level of retention, 

esthetic and cost effectiveness. Hence, the attachment design II was selected to be the 

appropriate attachment. However, there was no ideal attachment design because the 

attachment selection for implant retained auricular prostheses should be based on  

retention requirement which depend on physical activity, manual dexterity of patients, 

material availability and making decision of doctor. Magnet or other attachments 

could be the alternative depending on all factors which were mentioned. 
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Table A1 The removal forces of attachments 

Removal forces at each time of removal in 
Newtons (N) 

MeansAttachment Angulati
on of 
removal 1 2 3 4 5 6
45 33.81 33.08 35.27 33.64 33.38 33.21 33.73Three yellow 

clips 90 13.38 12.99 15.92 10.44 11.05 12.03 12.64
45 47.43 47.56 49.19 49.43 50.80 49.81 49.04Three red 

clips 90 18.38 23.64 18.18 21.96 19.56 21.75 20.58
45 27.97 29.23 30.27 30.38 31.88 33.60 30.55Yellow clip, 

white ERA 90 22.37 23.15 24.82 24.5 21.18 25.88 23.65
45 30.72 31.10 31.18 32.21 32.61 33.50 31.88Red clip, 

white ERA 90 22.46 22.80 25.89 23.70 28.24 25.0 24.68
45 38.12 39.09 40.93 41.35 42.42 42.93 40.80Yellow clip, 

orange ERA 90 26.73 24.61 28.44 26.72 27.23 28.57 27.05

45 40.91 41.52 42.95 43.76 44.14 45.11 43.07Red clip, 
orange ERA 90 28.89 27.62 28.81 27.59 30.12 31.39 29.07

45 39.07 39.87 40.17 40.72 40.76 42.10 40.45Yellow clip, 
blue ERA 90 30.51 30.91 29.13 30.61 29.56 30.89 30.26

45 39.01 39.42 40.91 40.20 41.03 43.16 40.62Red clip, 
blue ERA 90 31.28 31.60 31.74 32.44 35.00 33.37 32.57

45 52.66 51.45 50.25 53.79 54.11 55.23 52.92Yellow clip, 
grey ERA 90 36.52 36.83 35.36 36.45 37.41 35.14 36.28

45 49.43 51.19 52.69 53.35 54.86 54.88 52.73Red clip, 
grey ERA 90 33.99 37.01 36.28 32.64 33.52 32.55 34.33

45 34.89 38.88 34.61 33.35 32.81 35.49 35.01Yellow clip, 
blue locator 90 41.69 33.96 34.80 39.93 37.28 39.68 37.89

45 41.85 42.08 37.96 40.16 37.26 38.11 39.57Red clip, 
blue locator 90 35.87 36.32 40.08 40.42 41.51 40.79 39.17

45 38.34 40.12 40.94 41.81 42.06 42.08 40.88Yellow clip, 
pink locator 90 37.63 39.71 40.63 43.13 43.51 43.65 43.05

45 40.04 40.42 39.45 39.69 43.58 42.59 40.96Red clip, 
pink locator 90 39.54 40.88 41.15 41.87 44.34 45.87 42.27

45 54.99 53.23 50.99 51.78 56.22 53.33 53.43Yellow clip, 
clear locator 90 42.37 42.55 44.01 46.16 46.18 47.11 44.73

45 54.37 53.28 53.02 55.53 56.81 55.54 54.76Red clip, 
clear locator 90 48.72 46.49 43.42 42.76 44.19 46.13 45.29
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Table A2: The two-way ANOVA test in the removal forces of sixteen types of attachments 

with two removal angulations.  

Tests of Between-Subjects Effects 

Dependent Variable: Force. N

Source

Type III 

Sum of 

Squares Df Mean Square F Sig.

Attachment 10132.593 15 675.506 205.509 .000

Angulation 4615.323 1 4615.323 1404.118 .000

Attachment * 

Angulation
3496.327 15 233.088 70.912 .000

Error 525.919 160 3.287 

Total 290547.036 192

a  R Squared = .972 (Adjusted R Squared = .967) 

Table A3: The levene’s test of variances in the removal forces of sixteen types of attachments 

with two removal angulations.  

Levene's Test of Equality of Error Variances (a) 

F df1 df2 Sig.

1.494 31 160 .058

Tests the null hypothesis that the error variance of the dependent variable is equal across 

groups.

a  Design: Intercept+Attachment+Angulation+Attachment * Angulatio 

Copyright by Mahidol University



Fac.of Grad. Studies, Mahidol Univ.                                                                        M.Sc. (Dentistry) / 75

Table A4: Estimated Marginal Means

1. Attachment 

Dependent Variable: Force.N

Attachment Mean Std. Error 95% Confidence Interval 

Lower

Bound

Upper

Bound

Red Clip, Blue ERA 36.598 .523 35.564 37.632 

Red Clip, Blue Locator 39.370 .523 38.336 40.403 

Red Clip, Grey ERA 43.533 .523 42.500 44.567 

Red Clip, Orange ERA 36.069 .523 35.035 37.102 

Red Clip, Pink Locator 41.620 .523 40.586 42.653 

Red Clip, White ERA 28.285 .523 27.252 29.319 

Red Clip, White Locator 50.022 .523 48.989 51.056 

Three Red Clip 34.809 .523 33.775 35.842 

Three Yellow Clip 23.184 .523 22.150 24.218 

Yellow Clip, Blue ERA 35.358 .523 34.325 36.392 

Yellow Clip, Blue Locator 36.448 .523 35.415 37.482 

Yellow Clip, Grey ERA 44.600 .523 43.566 45.633 

Yellow Clip, Orange ERA 33.929 .523 32.895 34.962 

Yellow Clip, Pink Locator 41.965 .523 40.931 42.998 

Yellow Clip, White ERA 27.103 .523 26.069 28.136 

Yellow Clip, White 

Locator
49.080 .523 48.046 50.113 

2. Angulation 

Dependent Variable: Force.N

95% Confidence Interval 

Angulatio

n Mean Std. Error 
Lower

Bound

Upper

Bound

45 42.526 .185 42.161 42.891 

90 32.720 .185 32.355 33.086 
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3. Attachment * Angulation 

Dependent Variable: Force.N

Attachment Angulation Mean Std. Error 95% Confidence Interval 
Lower
Bound

Upper
Bound

Red Clip, Blue ERA 45 40.625 .740 39.163 42.086 
90 32.572 .740 31.110 34.033 

Red Clip, Blue Locator 45 39.571 .740 38.109 41.033 
90 39.168 .740 37.706 40.630 

Red Clip, Grey ERA 45 52.734 .740 51.272 54.196 
90 34.333 .740 32.871 35.794 

Red Clip, Orange ERA 45 43.067 .740 41.605 44.528 
90 29.071 .740 27.609 30.532 

Red Clip, Pink Locator 45 40.965 .740 39.503 42.426 
90 42.275 .740 40.813 43.737 

Red Clip, White ERA 45 31.888 .740 30.426 33.350 
90 24.683 .740 23.221 26.144 
45 54.759 .740 53.297 56.220 Red Clip, White Locator 
90 45.286 .740 43.825 46.748 

Three Red Clip 45 49.039 .740 47.577 50.501 
90 20.578 .740 19.116 22.040 

Three Yellow Clip 45 33.732 .740 32.270 35.194 
90 12.636 .740 11.174 14.098 

Yellow Clip, Blue ERA 45 40.450 .740 38.988 41.912 
90 30.267 .740 28.805 31.728 

Yellow Clip, Blue 
Locator

45
35.006 .740 33.545 36.468 

90 37.890 .740 36.429 39.352 
Yellow Clip, Grey ERA 45 52.916 .740 51.454 54.378 

90 36.284 .740 34.822 37.745 
Yellow Clip, Orange 
ERA

45
40.808 .740 39.347 42.270 

90 27.049 .740 25.587 28.511 
Yellow Clip, Pink 
Locator

45
40.878 .740 39.416 42.339 

90 43.052 .740 41.590 44.513 
Yellow Clip, White 
ERA

45
30.555 .740 29.093 32.017 

90 23.650 .740 22.188 25.112 
Yellow Clip, White 
Locator

45
53.426 .740 51.964 54.888 

90 44.733 .740 43.271 46.195 
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Table A5  : Homogeneous Subsets in removal forces among thirty two groups of different 

attachment types and removal angulations 

Tukey HSD
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Table A5  : Homogeneous Subsets in removal forces among thirty two groups of different 

attachment types and removal angulations (cont.) 

Tukey HSD
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Table A5  : Homogeneous Subsets in removal forces among thirty two groups of different 
attachment types and removal angulations (cont.) 
Tukey HSD
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Table A5  : Homogeneous Subsets in removal forces among thirty two groups of different 

attachment types and removal angulations (cont.) 

Tukey HSD

Means for groups in homogeneous subsets are displayed. 

 Based on Type III Sum of Squares 

 The error term is Mean Square(Error) = 3.287. 

a  Uses Harmonic Mean Sample Size = 6.000. 

b  Alpha = .05.
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