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Maxillofacial Proathetics and Dental Implants

Comparison of screw loosening, rotation, and deflection among three implant designs
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A common problem associated with single tooth implant restorations is abutment screw loosening. Manufacturers of implants have attempted to overcome this problem by incorporating antirotational design characteristics into their systems. Micromovement and torque levels required to loosen abutment screws for straight and angled antirotational screw‑retained abutment/implant combinations from three different manufacturers were examined in this in vitro investigation. A custom‑built machine was used and each sample was subjected to compressive horizontal reciprocal movements over a 25‑degree incline for a simulated 1‑month period. Data were generated that showed movements of the crown/abutment complex during force application. The amount of torque necessary to loosen the abutment screws before and after testing was also recorded and compared for each system. The results indicated no significant differences (p < 0.05) among all the straight and angled abutments for the variables studied. (J Prosthet DENT 1995;74:270‑8.)

Until the 1980s the missing single tooth was most often replaced with a fixed or removable partial denture. Insertion of these conventional prostheses usually requires preparation of one or more abutment teeth. Today, when the abutment teeth exhibit no caries or previous restorations, such irreversible preparation may be considered unacceptable. Placement of single tooth implants in such situations is both functional and esthetic.

Implant‑supported single tooth, replacements are not problem free. The anatomic configuration of the osseous structures may dictate placement of implants, and the position and angulation of the teeth adjacent to, the edentulous space must also be considered. Because of these limitation, implants may not be placed in the original position of the root of the missing tooth; thus angled abutments have been designed to correct the improper angulation of implants.

Additional problems have been observed after a single tooth implant‑supported restoration has been inserted. One and three‑year follow‑up studies on teeth restored with the Branemark system single tooth implant restora​tions (Nobelpharma AB, Goteborg, Sweden) reported that the most common problem encountered was abutment I screw loosening 11 and 10% of the patients exhibited fis​tula,formation during  the first year after insertion How​ever, during the second and third year follow‑up visits, it  was noted that fistula formation could‑ not be associated with loose screws. Soft tissue inflammation surrounding the implant‑supported restorations,was also observed and attributed to poor oral hygiene. The inflammation was considered more severe with the single implant than multiunit implant‑supported fixed prostheses.2 The fistula formation and soft tissue inflammation surrounding the single‑unit restorations may have been caused by micro​ movements (rotation and/or deflection) of the abutments during functional loading, which would be less likely to oc​cur with multiunit restorations. These types of movements would not necessarily result in screw loosening.

To understand how screw loosening can occur, it is necessary to understand certain mechanical engineering principles. The abutment screw and implant are joined together by the dentist to form a clamped joint. When the screw is first tightened, an initial tensile preload is generated 

ated within the screw. The ultimate effect of this preload is to place the abutment/implant assembly in compression, which will result in friction between the screw and implant threads, the head of the screw and the abutment, and the top of the implant and the inferior surface of the abutment. This compression, in turn, provides resistance to external shear loads and improves the fatigue resistance of the abutmentlimplant joint.3


Preload in the screw is generated by the application of torque.3, 4 The amount of torque considered appropriate is supplied to the dentist by the various implant manufacturing  companies. The recommended torque values are based on the design features and metal Composition of the implants and screws unique to each system.' A mechani​cal engineering principle that affects preload and must be understood is embedment relaxation. Because neither the internal threads of the implant nor the screw threads that contact these internal threads can be machined perfectly smooth, high spots will inevitably be present on both sur​faces. Thus these high spots will be the only contacting surfaces when the initial tightening torque is applied to the screw and the preload developed. Embedment relaxation then occurs, whereby the rough spots actually flatten (or wear) under load, and,2% to 10% of the initial preload is lost.6 The amount of embedment relaxation or‑settling that occurs depends on the amount of rough spots on the con​tacting surfaces, the surface hardness of the implant and the screw, and the amount of load applied to the system.5 After embedment relaxation, applying a tightening torque

once again will  act to regain preload. Torque has also been the subject of other investigations. Jorneus et al.5 examined four types of abutment screws (three grades of titanium ASTM and one gold alloy) tightened to torque values that ranged from 20 to 35 Newton centimeters (Ncm). Torque values considered optimal for each screw design were used. The stability of each screw joint was then assessed in this in vitro investigation before and after simulated horizontal function. Only the gold alloy screw was found to maintain the stability of the hexagonal joint under a load greater than 50 Ncm. It was stated, however, that under typical clinical situations, most screws would maintain restoration stability. Implant manufacturers have recognized that screw loosening is a significant problem and through innovative antirotational design characteristics, have attempted to solve this difficult dilemma.

For instance, an internal octagon is present within the Calcitek implant (Calcitek, Carlsbad, Calif); the SpectraSystem implant, formerly known as CoreVent (Dentsply, Int./CoreVent Div., Encino, Calif.), has an incorporated internal hexagon to act as a stabilizer for the screw joint; and the Branemark system implant has an external hexagon. Even though these antirotational design characteristics were incorporated into the implant systems, machining tolerances still allow a small amount of movement between the abutment and implant that the clamping action of the screw must prevent. The Spectra‑System implant manufacturer recently attempted to overcome this limitation by machining a 1‑degree Morse taper in the implantto‑abutment joint. Before the manufacturer incorporated this locking characteristic into the Spectra‑System implant, Breeding et al.7 compared screw loosening values obtained from this system and the Calcitek and Minimatic (Minimatic, Deerfield, Fla.) systems. The Minimatic implant system has an external hexagon similar in design to that of the Branemark System implants. The torque required to loosen the implant abutment screws after 1 and 6 months of simulated function, under 6 kg vertical force, was measured and compared with torque values needed to tighten the screws. The CoreVent implant, now known as Spectra‑System, exhibited a significant decrease (p < 0.05) in the torque required to loosen the screws after the 1‑month simulated period when compared with the other systems.

In regard to the experimental design of the Breeding et al.7 Study, several questions were raised. First, a spring was used to maintain the simulated functional force on the mounted samples. The use of the spring made maintenance of a constant force difficult. Second, the implants were mounted in polymethyl methacryla autopolymerizing acrylic resin that exhibits an elastic modulus similar to that reported for trabecular bone (1.95 GPa),8 but less' than that reported for mandibular bone loaded in a buccolingual direction (10.8 GPa).9 Because this acrylic resin exhibited a lower compressive strength than bone, the implants could have demonstrated more movement than would be evident in vivo.

This study was designed to improve on the Breeding et al. investigation' by better simulating the bone surrounding implants, by measuring micromovements that could possibly cause soft tissue problems, and by evaluating angled abutments and the Spectra‑System newly incorporated 1‑degree Morse taper. Therefore, the purposes of this investigation were (1) to develop a test system that will allow better control over the generated simulated force levels applied to the crown/abutment/implant complex; (2) to measure and record movements of the crown/abutment complex during force application; (3) to simulate bone surrounding the implant during testing procedures more accurately; and, (4) to use these conditions to compare the three implant/straight abutment systems previously investigated along with angled abutments from each system.

MATERIAL AND METHODS

Three groups of implants from three manufacturers were created: Ten 4.0 mm x 13 mm implants with an external hexagon (Minimatic); five 3.5 mm x 10 nun and five 3.5 mm x 15 mm. with an internal hexagon (Spectra‑System); and 10 implants 4.0 mm x 13 mm with an internal octagon (Calcitek Omniloc) were acquired. Five straight and five angled abutments for use with each implant system were also acquired. The Minimatic and Calcitek angled abutments were 25 degrees each, and the SpectraSystem abutments were 30 degrees each. For each of the three implant systems, one abutment of each type was attached to one of the 10 implants, and the abutment/ implant combinations were mounted in 1‑inch phenolic ring forms (Buehler, Inc., Northbrook, 111.) with a light‑polymerizing resin composite (TruTray, Dentsply, Intl., York, Pa.). The package insert supplied by the manufacturer of this resin lists the elastic modulus as 10.5 GPa. The elastic modulus of human bone is quite variable, depending on the location within the body. The TruTray elastic modulus value, however, is similar to the elastic modulus of mandibular bone exposed to buccal‑lingual loading.8 The implants were mounted in this simulated bone to mimic oral conditions where the bone may absorb forces transmitted to the abutment/implant/screw connection that would not occur if the implant were rigidly fixed during testing.

Two layers of die spacer (Tru Fit, George Taub Prod., Jersey City, N. J.) were applied to each abutment, and a simulated portion of a maxillary first premolar was waxed. This waxed simulation represented a 25‑degree inner incline of the distofacial portion of the tooth. The most inferior aspect of the waxed incline was located 10 rum superior to the implant (Figs. 1 and 2). On the facial aspect of each wax pattern, a rectangular piece of acrylic resin (Plexiglas, Inc., Rohm. and Haas, Inc., Philadelphia, Pa.), 8 mm x 20 mm x 2 mm, was attached. A vinyl (polysiloxane) mold (Reprosil, L. D. Caulk Div., Dentsply Int., Inc.,

Milford, Del.) of each pattern was then completed. Five duplicate wax patterns were made from each mold, and these were cast in a base metal alloy (Rexillium III, Jeneric Pentron Corp., Wallingford, Conn.).

A machine was custom built that could generate a constant load on a surface during reciprocal movements (Fig. 3). This constant load was accomplished by pneumatic cylinders mounted on the upper portion of the machine. Movement of the upper portion in a reciprocal horizontal direction was accomplished with a variable speed DC motor. The machine was equipped with a rounded carbon steel loading stylus attached to one of the pneumatic cylinders. A machined holder for the phenolic rings was secured to the lower stationery component of the machine. The position of the loading stylus relative to the sample holder was recorded with a vinyl polysiloxane putty material (Reprosil), and this position was transferred to a dental surveyor. The eight implants of each type were positioned by use of this surveyor guide so that the tip of the stylus would contact the simulated crown on each sample 2.5 mm lateral to the center of the abutment. It was necessary to use the 10 mm Spectra‑System implants with the corresponding 30‑degree abutments to allow adequate space for the implants within the rings. The surface of each implant was then abraded with a microetcher (Model erc, Danville Engineering, Inc., Danville, Calif.). To improve the wetting of the implant surface, a bonding agent (Prisma Universal Bond III, L. D. Caulk) was applied before positioning of the implant in a ring, and the TruTray resin was placed in the zing to fill approximately one third of the depth. This resin was polymerized for 120 seconds with a handheld visible‑light source (Coltolux 3, Coltene/Whaledent, Mahwah, N. J.). Additional unpolymerized resin was added directly onto the polymerized layer to fill approximately two thirds of the ring; this was polymerized in the same manner. The final third of the ring was filled with unpolymerized resin leaving 1 mm of the top of the implant exposed. The ring with the enclosed resin and implant was removed from the surveyor and placed in the Triad VLC curing unit (Model 2000, Dentsply, Int., Inc.) and polymerized for 20 minutes. After each implant was positioned in a ring, the abutments were attached by lightly handtightening the screws.

The fabricated castings were fitted to the corresponding abutments, and the occlusal surfaces were adjusted and polished. The abutment access holes were sealed with a vinyl polysiloxane putty material (Reprosil), and then the castings were cemented to the corresponding abutments with a resin luting agent (Resiment, Septodont, Inc., New Castle, Del.).

Just before testing, the abutment screw for each sample was exposed and initially torqued with one of two available types of manual torque gauges (Model 6BTG‑A, Tonichi America, Northbrook, Ill.; and Torquedyne, Implant Technologies, Ltd., Irvine, Calif.). The Torquedyne torque driver was a ratchet wrench with a spring‑loaded handle that released a torque of30 Ncm. It was designed to be used intraorally. This driver was used to tighten all samples except the Calcitek Omniloc straight‑abutment group. The shank of the hex wrench supplied with the Torquedyne torque driver was too large to fit in the screw access hole of this sample group. To calibrate the Torquedyne wrench

to the Tonichi torque gauge, the end of the Torquedyne hex wrench was clamped into the Tonichi torque gauge, and the handle of the Torquedyne driver was rotated until it released. This procedure was repeated 10 times, and the recorded values exhibited an inclusive measurement range of 1.79 Ncm, a standard deviation of 0.26 Ncm, and a coefficient of variation of 0.90. The mean value from this group of 10 measurements for the Torquedyne torque driver was found to be 29.23 Ncm. The Tonichi torque gauge was not designed for intraoral use and was equipped with a smaller shank hex wrench. This torque gauge was used to tighten the Calcitek straight‑abutment group screws to 29 Ncm to provide the same torque value as generated from the Torquedyne driver, it and was used to measure posttest screw loosening values from all groups. Each sample was retorqued to the same value 10 minutes after the initial tightening. Three minutes after the second tightening, the force necessary to loosen each abutment screw was recorded with the Tonichi torque gauge. Each abutment screw was retightened (29 Ncm) and again torqued (29 Ncm) 10 minutes later. Each screw access hole was resealed with a vinyl polysiloxane putty (Reprosil). Each completed sample was then placed on the testing machine and secured with two screws.

Noncontacting proximity probes (AH‑305 Sensor Head, Keyence Corp. of America, Woodcliff Lake, N. J.) were mounted on each side of the front of the rectangular plate of the sample to allow recording of rotational and tipping movements. The two probes were aligned and calibrated each time a new sample was placed in the testing machine (Fig. 4). The probes were connected to a data acquisition unit (HP3852A Data Acquisition/Control Unit, Hewlett Packard, Co., Palo Alto, Calif.). The data acquisition unit was connected to a computer (4DX/33, Gateway 2000, North Sioux City, S. D.) with an installed software package (DADiSPTM Version 3.00, DSP Development Corp., Cambridge, Mass.) for data collection. Before testing, a baseline recording was made that represented the relationship of the plate on the abutment to each probe. The stylus on the machine was then loaded by the pneumatic piston to apply a 2.73 kg (6 lb or 26.69 N) load at a distance of 2.5 mm from the center of the abutment screw. The machine was set for a 4 mm travel distance along the occlusal surface of the tooth. Three millimeters of the travel distance consisted of movement up the buccal incline, and I mm consisted of movement along the flat occlusal surface toward the lingual surface (Figs. I and 2).

Trial tests of the experimental design by use of the Minimatic straight abutments, without lubrication, resulted in fracture of the abutment screws in less than 1000 cycles. On the basis of engineering principles, calculations of the theoretical maximum stress induced in the screw of a straight abutment at the level of the first thread as a result of the vertical load applied at a 25‑degree angle and the distance of the load from the first thread at various frictional coefficients for the loading tip and base metal crown were performed. Detailed calculation methodology is available upon request. These calculations revealed that the stress in the screw could easily reach values of more than 100,000 psi without lubrication. With lubrication, the frictional components coud be reduced to near zero; however, the stress on the screw would still be in the 60,000 psi range. Therefore, even though lubrication was used throughout the investigation, the stress on the screws was high. Lubricating oil (Cool Tool 11 Cutting and Tapping Fluid, Monroe Fluid Technology, Inc., Hilton, N. Y.) was added to the casting surface to reduce frictional The machine was set for 16,667 cycles (or 4.63 hours) at 60 rpm.

Fifty data sets were recorded from the probes. The data sets were recorded at consistent intervals throughout the investigation. The first and fiftieth data sets represented the beginning and end of the movement cycling. Each data set consisted of recordings from five cycles with 800 recorded points per cycle. After the test, the vinyl polysiloxane plug was removed from the abutment screw opening, and the torque required to loosen the abutment screw was recorded. The testing and recording procedures were repeated for all of the samples. Calculations of the degree of rotation and the amount of deflection for each sample were completed. Statistical analyses were done for comparison of calculated and recorded data.

Although the major change in preload in the screw because of embedment relaxation is regained by retorquing the screw after 10 minutes, additional reduction could occur with time even if the assembly is not subjected to additional forces. Such reduction may be due to creep of the metal contacting surfaces and possible plastic deformation of the screw. The use of an abutment/screw/implant test assembly as its own control by first tightening the joint and waiting a time period equal to the loading test time, as was done by Breeding et al., introduces error in subsequent measurements obtained after loading. Each time a screw is tightened and loosened, minor changes may occur in the contacting surfaces; therefore, the recorded screw loosening values would be influenced. The use of a second set of abutment/screw/implant combinations would have overcome this problem, but the cost was prohibitive in this study. The Minimatic and Calcitek straight abutment samples used in this investigation were similar to those used in the Breeding et al. investigation, in which the screws were torqued to 22.6 Ncm (2 inch‑pounds) and allowed to set for 4.25 hours undisturbed. These baseline values, therefore, were used as control group values for this study. The Spectra‑System abutments were different from those in the study by Breeding et al.; therefore, four new Spectra‑System straight abutment/screw/implant assemblies were obtained, baseline values were obtained as described (29 Ncm torque), the screws were retorqued in the same manner, and the assemblies were allowed to remain undisturbed for 4.63 hours. The torque values required to loosen the screws were then recorded.

RESULTS

The following formulae were used to calculate the degree of rotation and amount of deflection for each sample.

Deflection = (Max (YL + YR)/2) ‑ (Min (YL + YR) /2) 
(1)

where YL = Gap distance continually registered by the left probe for one cycle; and YR = Gap distance continually registered by the right probe for one cycle.

Rotation        =(Min(YR‑ YL)/D)‑(Max(YR‑YL)/D)(180/3.14)     (2)

where D = Distance between the probes = 0.5 inch. A negative resultant value indicates a rotation of the right side of the plate closer to the right proximity probe.

The initial recorded torque required to loosen the abutment screw from each implant was subtracted from the torque required to loosen each abutment screw after testing (Table I). Calculated data from the experimental groups are presented in Table 11. A multivariate analysis of variance would have been a meaningful statistical procedure to complete because such a test would have demonstrated whether interactions between rotation, deflection, and screw loosening existed during this investigation. Unfortunately, the small sample group size made the multi:rate analysis of variance inappropriate. Three two‑way analyses of variance (ANOVAs), therefore were completed (p < 0.05) to determine whether the implant type or abutment angulation significantly affected the three dependent variables examined (deflection, rotation, and screw loosening) (Table 111). The implant as a main effect factor was found to have a significant influence on all three dependent variables. Tukey‑Kramer tests (p < 0.05) were completed for all three dependent variable groups (Table M. The Spectra‑System group exhibited significantly more mean deflection and rotation than the Minimatic group. The Spectra‑System group was significantly different from both the Minimatic and Calcitek groups in the mean change in the amount of torque required to loosen the abutment screws.

DISCUSSION

As stated in the Material and Methods section, the baseline screw loosening values obtained from the study by Breeding et al were used for the Minimatic and Calcitek samples (before they were subjected to simulated functioning as control group values for this investigation. In

that study the Minimatic sample group generated a baseline mean reduction in torque required to loosen the screws of 2.94 Ncin and the Calcitek group, 2.49 Ncm. These values are similar to the mean reduction in torque required to loosen the screws measured after loading for the same groups in this investigation (2.97 Ncm, Minimatic; 1.62 Ncm, Calcitek) This indicated that the influence of loading the abutments was not sufficient to change the torque required to loosen the screws over the time period tested. Because the change in torque required to loosen the screws for the Minimatic and Calcitek angled abutment groups was lower than that of the corresponding straight abutment groups, it may be assumed that these measured changes were also not greatly affected by the loading.

The mean change in torque required to loosen the screws for the new Spectra‑System samples tested was 1.02 Ncm. The loaded Spectra‑System samples exhibited a mean change of 5.58 Ncm. This greater change could be caused by the friction lock design and the, absence of a flat mating surface between the abutment and implant. The forces generated during loading could force the abutment and implant into closer approximation, thus reducing screw preload with subsequent reduction in torque required to loosen the screw.
For all three dependent variables, the only significant effect was the implant design. The Tukey‑Kramer test revealed that the only significant difference consistent for all three variables was between the Minimatic implant and the Spectra‑System implant (Table M. The Spectra‑System implant produced a larger amount of deflection, rotation, and reduction in the torque necessary to loosen the screw. A significant difference was also noted between the Calcitek and Spectra‑System implants for reduction in torque necessary to loosen the screws; but, as previously discussed, the observed changes were similar to nonloaded abutmentlimplant combinations after similar time periods. Reduction in torque must be viewed with caution. Even though the Spectra‑System implants exhibited a higher change in torque to loosen the screws as a result of testing than did the Calcitek implants, an examination of the initial and final loosening torque values shows that the baseline and posttest values for the Calcitek straight abutments with the floating screw were lower than the Spectra‑System posttest values (Table V). The Calcitek angled abutments without the floating screw were similar in before‑and‑after torque test values to the other implant types. The design of the straight abutment with the floating screw apparently reduces the torque necessary to loosen the screw.

A reduction in the torque required to loosen the screw is not necessarily harmful if it is not progressive and the remaining clamping action is sufficient to prevent slippage of the joint. Within the Spectra‑System group, samples that exhibited smaller changes in the torque necessary to loosen the screw reached the level of deflection and rotation displayed in Table I approximately one third through the test and remained constant for the remainder of the test. The Spectra‑System samples that exhibited larger amounts of reduction in torque required to loosen the screws, however, continued to slowly increase in deflection amount throughout the test. After testing and removal of abutment screw, the straight abutment and the base of the angled abutment could pot be separated from the implant with hand pressure as was the case with the Calcitek and Minimatic implants. The joint between the upper part of the Spectra‑System angled abutment and the base contains an octagon that does not include the 1‑degree locking taper, and this joint easily separated. The SpectraSystem angled abutments exhibited a larger mean amount of deflection than did the straight abutments. For the other two implants, the angled abutments deflected less than the straight abutments. The Spectra‑System angled abutment was the only two‑piece abutment tested, and separation of the joint between the two parts during testing was observed on some of the samples. The shorter implants (10 mm) used for the Spectra‑System angled abutment sample group may have resulted in more movement of these implants occurring in the resin composite during testing; this, in turn, may have contributed slightly to the higher deflection values recorded. The data for rotation are presented in degrees in Table 1. For a premolar that measures 6 mm in mesial distal length, a rotation of 0.2 degrees would represent only 10 um of movement at the marginal ridge. The recorded rotation values could be the result of (1) deformation of the resin luting agent between the abutment and crown, (2) twisting or distortion of the abutment or implant, (3) distortion of the simulated bone around the implant, and/or (4) micromovement between the implant and abutment. Movement between the implant and abutment may result in progressive reduction of preload on the screw if the screw backs out of the implant as a result of this movement. This would be reflected in an increase in rotation and deflection as the test progressed, and the preload would be reduced below the minimum level needed to keep the joint clamped. However, the antirotational design would limit the movement to that permitted by the machining tolerances up to the point where all of the preload is lost in the screw, with subsequent screw loosening and joint separation. Because the Spectra‑System straight abutments and the base of the two‑piece angled abutments could not be easily separated from the implants, it seemed unlikely that movement was occurring between the abutment and implant for the samples in this group. The larger amount of rotation observed for the two‑piece Spectra‑System angled abutments may have been caused by movement between the two parts of the abutment or because the shorter implant length used in this group allowed more movement within the resin. It should be noted that the four Spectra‑System straight abutment/implant combinations were returned to the manufacturer after testing. The manufacturer reported a value of 14.31 ± 4.03 lb or 63.65 ± 17.93 N to pull the abutment from the implant. The significance of these tensile‑testing results (regarding long‑term stability of the joint) was not determined in this investigation. The next step in this investigative series will be fatigue testing of these implant designs over exended simulated periods at varying loading levels.

CLINICAL IMPLICATIONS

The small changes in the torque required to loosen the abutment screws, measured after simulated function for all three implant systems evaluated, were not large enough to cause loosening of the abutmentlimplant connection and would not be of clinical significance. The remaining clamping force of the preload in the screw was sufficient to resist complete screw loosening. The torque generated by the 30 Ncm torque wrench was sufficient to prevent this from occurring. The small amount of measured rotation and deflection would not be clinically detectable, except per‑, haps for that that occurs with the two‑piece Spectra‑System angled abutment. Separation of the joint between the two parts of this abutment, which was observed with some of the samples during loading, could result in soft tissue irritation, fatigue of the screw, or both.

CONCLUSIONS

The results from this investigation suggest the following conclusions.

1. There were no significant differences between the straight and angled abutments for rotation, deflection, and torque required to loosen the screws.

2. The Spectra‑System samples exhibited the largest change in mean torque required to loosen the abutment screws; however, the mean torque needed to loosen the screws after testing was still similar to or higher than the torque needed to loosen the screws for the Minimatic and Calcitek samples after testing.

We thank the following companies for their generous contribution of materials to this investigative effort: Dentsply, Calcitek,

and Minimatic. Special thanks must also be given to Mr. William O'Neal who designed and fabricated the test machine.
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VOLUME 74 NUMBER3

SEPTEMBER1995


