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The amount of torque required to loosen screws from three different antirotational screw‑retained abutment/i m plant combinations was compared (with and without adhesive sealant applied) after 6 kg of force was applied during simulated intraoral movements. Movements were generated over two simulated time periods, representing 1 and 6 months. There was no significant decrease (a < .05) in the torque required to loosen the screws after either time period when using Calcitek Omnilock or Stryker Minimatic. The Core‑Vent Bio‑Vent specimens, however, exhibited a significant decrease (a < .05) in the amount of torque required to loosen the screws at the 1‑month test period only. The addition of adhesive sealant significantly increased (a<.05) the amount of torque necessary to loosen the screws only in the Core‑Vent specimens. int J Prosthodont 1993;6:435‑439.

0sseointegrated implants are often a very suc​ cessful treatment option for many edentulous and partially edentulous individuals; however, problems may arise with such restorations. The primary obstacle that must be anticipated by the surgeon is failure of the implant to osseointegrate. The prosthodontist or restorative dentist must deal with other problems such as luting agent failure with cemented abutments and prostheses or loosen i ng/b reakage of screws with screw‑retained prostheses. This investigation was concerned only with screw‑retained implant abutments for singletooth replacement and examined and compared the degree of torque required to loosen the screws from three different antirotational screw‑retained single‑tooth abutment/implant combinations after application of a given force during simulated intraoral movements over two different time periods. An adhesive sealant was also tested to determine its effect on the torque required to loosen the screws under the same experimental conditions.

Materials and Methods

The abutment/implant combinations tested were: Calcitek Integral Omnilock implants with an internal octagonal design and Integral Omnilock antirotational abutments (Calcitek, Carisbad, CA) (n = 10); Bio‑Vent implants with an internal hexagonal design and Hex‑lock antirotational abutments (Dentsply/Core‑Vent, Encino, CA) (n = 10); and Minimatic implants with an external hexagonal design and antirotational single‑tooth abutments (Minimatic, Deerfield Beach, FL, distributed in the USA by Stryker, Kalamazoo, MI) (n = 10). A replica of a premolar including the shape of a marginal ridge was waxed directly onto one of each type of antirotational abutment. The marginal ridge was inclined 15 degrees on each side of the central groove area, and a hole for access to the screw was located in the central fossa area. An impression was made of the waxed replica using a split‑mold technique. The mold was used to produce 10 duplicate wax patterns for each type of abutment. These patterns were invested, the wax was eliminated, and the patterns were cast in Spartan Plus Alloy (Williams, Amherst, NY) (Fig 1).
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Fig2 Diagram depicting test specimen mounted on the modi-
fied Burrell wrist-action shaker machine.



Thirty specimen holders were then fabricated from 2 x 2 x 1/2‑inch acrylic resin blanks (Plexiglas, Rohm and Haas, Philadelphia, PA). A 1‑inch diameter hole was drilled 3/8 of an inch into the center of the blank with a 1/8‑inch diameter hole continuing through the thickness of the holder. A no. 10 machine screw was placed through the small hole, and a 1‑inch‑diameter phenolic ring form (Buehler, Lake Bluff, 11) was placed in the hole. Each assembly was placed on a dental surveyor table so that the surface of the holder was perpendicular to the surveyor arm. A hexagonal wrench of the appropriate size to fit the abutment screw was secured in the arm of the surveyor, and an implant with the attached abutment was secured to the wrench. The surveyor arm with the attached assembly was positioned so that the top of the implant was 1 mm above the top edge of the Buehler ring. Autopolymerizing resin was then poured into the top of the ring and allowed to set. Ten of each type of implant were prepared in this manner. A minimum of 24 hours after placement of the implants in the Buehler rings, the abutment screws of a pretest group consisting of four abutment/ implant combinations of each type were tightened to a torque of 22.6 N cm. A torque gauge (Tonichi America, Northbrook, IL) was used to insure that an accurate and reproducible force was applied to each abutment screw. The abutment screws were again tightened to 22.6 N cm after 10 minutes. (This procedure was used throughout the investigation whenever the abutment screws Were tightened.) After 2 minutes the torque required to loosen the screws was measured with the torque gauge and recorded. This provided baseline values for comparison. The abutment screws were retightened in the same manner, and the specimens were allowed to remain at room temperature for 4.25 hours. The torque necessary to loosen each abutment screw was then recorded. The difference in the two torque values was listed as the pretest difference in torque required to loosen the screws. Test group 1 consisted of five implant/abutment combinations of each type; two of which were from the pretest group. Baseline values for each specimen were determined as in the pretest group, and the abutment screws were retightened. A crown was then cemented onto each abutment with a resin luting agent (Core‑Paste, Den‑Mat, Santa Maria, CA) using a 6‑kg force applied for 10 minutes.

Each implant fixture and abutment combination was mounted onto a modified wrist‑action shaker machine (Model 60 cc, Burrell, Pittsburgh, PA) 1 hour after cementation (Fig 2). A spri ng‑loaded rod applied a force of 6 kg to each cemented casting at a distance of 1.5 mm f rom the center of the abutment screw. The force applied by the rod was calibrated periodically throughout the investigation. The machine was set for a stroke 1 mm in length on each side of the central groove. The movement of the spring‑loaded rod up the inclines, therefore, generated lateral and vertical forces on the casting abutment combinations that were similar to those forces generated intraorally. Each specimen was vertically and laterally stressed for 16,667 cycles or 3.25 hours. The torque necessary to loosen each screw was then recorded. (Outhwaite et all, citing a study by Murphy that shows that the teeth only contact 5.9% of the time during a mastication cycle, estimated that 1 million cycles of loading was equivalent to 5 years of heavy wear in the mouth. Using this estimate, 16,667 cycles would thus simulate 1 month of intraoral loading resulting from mastication.) Test group 2 also consisted of five specimens of each combination, two of which were from the pretest group. Baseline values were obtained as described for test group 1. An adhesive sealant (Ceka Bond, Preat, San Mateo, CA) was then applied to the threads of the abutment screws, and the abutment screws were tightened. Crowns were then luted to the abutments as previously described, and the specimens were allowed to remain at room temperature for 12 hours before testing on the machine. The torque necessary to loosen each screw was recorded after simulated function. Test group 3 consisted of the five specimens of each implant type to which Ceka Bond had been applied, were retightened, replaced on the machine, and stressed for 100,002 cycles or 19.5 hours (the equivalent of 6 additional months of intraoral loading). The torque necessary to loosen each screw was then recorded. Appropriate statistical analyses were conducted after data compilation.

Results

[image: image3.jpg]Table 1 Results of Student's ¢ Test for Test Groups 1
and 2 (Ncm)

Mean
Implant N change (SD) P

Calcitek without Ceka Bond
Minimatic without Ceka Bond
Calcitek with Ceka Bond
Minimatic with Ceka Bond
Bio-Vent with Ceka Bond
Bio-Vent without Ceka Bond

316 (172) 0148
~000 (1.55) 1.0000
~1.02 (289) 4757
-118  (1.08) .0752
~158 (0.93) .0189

5
5
5
5
5
5 -723 (440) 0213

*A significant difference exists at P < .05.

Table 2 Results of Duncan’s Multiple Range
Comparison of Test Groups 1 and 2 (N cm)

Mean Duncan
Implant N change grouping®
Calcitek without Ceka Bond 5 3.16 A
Minimatic without Ceka Bond 5 -0.00 B
Calcitek with Ceka Bond 5 —1.02 B
Minimatic with Ceka Bond 5 -1.13 B
Bio-Vent with Ceka Bond 5 -1.58 B
Bio-Vent without Ceka Bond 5 -7.23 C

One-way analysis of variance showed that a significant difference ex-
isted among the groups (P = .0001)
“Groups with the same letter are not significantly different at P < .05.

Table 3 Results of Student's t Test for Test Group 3
(N cm)

Mean
Implant N change  (SD) P

Minimatic with Ceka Bond & 1.24 (0.84)  .0295
Calcitek with Ceka Bond 5 0.79 (1.30) .2455
Bio-Vent with Ceka Bond 5 -1.24 (1.52) 1407

*A significant difference exists at P < .05.



A Student's t test (P < .05) was performed to compare the torque required to loosen the screws for the four specimens from each implant/ abutment combination that were allowed to set without function for 4.25 hours. The mean values compared using this test (and all other statistical analyses unless noted) represented the mean change between the baseline torque necessary to loosen the screws and the torque necessary to do so after testing. Negative mean values indicated that less torque was required to loosen the screws posttest, and positive values indicated an increase in torque was required. The mean changes in N cm were: Minimatic, ‑1.41 ± 1.69; Calcitek, ‑1.27 ± 2.66; Bio‑Vent, ‑0.34 ± 1.54. No significant differences between the means were noted using this test. A one‑way analysis of variance (ANOVA) procedure (P < .05) showed no significant difference between the implant types.

A Student's t test (P < .05) was also completed to compare the posttest and baseline torque values necessary to loosen the screws for both test groups 1 and 2 (Table 1). The Bio‑Vent specimen groups with and without Ceka Bond both showed a signifi cant decrease in the amount of torque necessary to loosen the abutment screws. A one‑way ANOVA procedure (P = .0001) showed a signif icant difference among the six specimen types. A Duncan's multiple range test (P < .05) was also performed (Table 2). The Bio‑Vent group without Ceka Bond showed a significantly greater decrease in the torque necessary to loosen the abutment screws than did the other groups. Another Student's t test (P < .05) was performed to compare the group 3 specimens that were placed back on the machine and stressed for an additional simulated 6 months (Table 3). No significant decrease in the torque necessary to loosen the abutment screws was found for any of the groups. A one‑way ANOVA procedure was then performed using the mean change value for the three types in group 3, and a significant difference was noted (P = .0191). Table 4 shows the results of a Duncan's multiple range test (P < .05), which indicated that the Bio‑Vent specimens with Ceka Bond exhibited a decrease in torque necessary to loosen the abutment screws that was significantly different from the other groups. The 6‑month results were then compared to the 1‑month results for the same implants and abutment combinations using a Student's t test procedure (a < .05). This procedure indicated that there was no significant difference in the torque necessary to loosen the screws between the two time periods for any of the groups (Table 5). Oneway ANOVA (a < .05) was performed, and there was no significant difference noted between the implant types.

Discussion

The torque exerted on the implant screw heads to tighten the abutment/i m plant interface is distributed to the system in three ways: (1) friction between the screw head and abutment; (2) friction between the threads on the screw and implant; and (3) tension within the screw, defined as preload. Preloading the screw improves the fatigue resistance and the locking effect of the abutment/ implant connection. The preload should fluctuate as little as possible to prevent loosening., Occlusal forces, which result in loading of implantsupported prostheses, will cause changes in the preload of the abutment screws that may result in loosening of the screws.

When an implant abutment screw is first tightened into an implant, contact between the screw and implant threads will occur only on microscopically rough high spots. Creep and flow of these contacting surfaces in combination with other plastic flow within the components of the abutment/ implant system will occur, resulting in reduction of preload. This reduction effect is known as embedment relaxation. A 2% to 10% reduction in preload may occur within the first few seconds or minutes after tightening as a result of this relaxation .4 To limit this, the abutment screws in this investigation were retightened 10 minutes after the initial torque was applied. As each abutment screw/implant presented a unique combination, baseline values were obtained for each combination under each experimental condition. The procedure of tightening each screw to 22.6 N cm, waiting 10 minutes, and retorquing to the same value was recommended by both the Calcitek and Core‑Vent [image: image4.jpg]Table 4 Results of Duncan’s Multiple Range
Comparison of Test Group 3 (N cm)

Mean Duncan
Implant N change grouping”
Minimatic with Ceka Bond 5 1.24 A
Calcitek with Ceka Bond 5 0.79 A
Bio-Vent with Ceka Bond 5 -1.24 B

One-way ANOVA showed that a significant difference existed among the
groups (P = .0191).
*Groups with the same letter are not significantly different at £ < .05

Table 5 Student's t Test for Test Groups 2 and 3
(N cm)

Mean
implant N change  SD P

Minimatic with Ceka Bond 5 237 0.74 .0020
Calcitek with Ceka Bond 5 1.81 1.67 2233
Bio-Vent with Ceka Bond 5 0.34 1.36 6072

*A significant difference exists at P < .05,



companies. The Minimatic manufacturer, however, did not make any recommendations.

The four specimens from each abutment screw/implant combination type were retightened after baseline  value determinations and allowed to stabilize for a time period equivalent to that for the test group 1 procedures. This was done to evaluate additional relaxation that may have occurred within the combinations. The results indicated that although there was a decrease in the mean torque required to loosen the screws for all three systems, there was no significant change in the torque necessary to loosen the abutment screws during this period. The lack of a significant change is not unexpected considering the small specimen size (n = 4) for each abutment screw/implant combination and the large standard deviations. The range in values is expected due to the uniqueness of each combination. As a result of this wide range of values, a rather large change in the mean due to a test condition will be necessary for statistical significance. The use of sealers to fill in the gaps between the screw and implant threads and adhesives to increase frictional resistance has been suggested to reduce screw loosening. Ceka Bond is listed as an adhesive paste on its'package's insert. The insert states that full adhesive capacity is reached at 12 hours; therefore, the specimens were allowed to remain unloaded for 12 hours prior to testing. However, a company representative verbally stated that the material reaches 95% of its adhesive capacity in 5 minutes. When the screws were retorqued to 22.6 N cm, 10 minutes after initial tightening, this procedure could have disrupted the adhesive bonds and reduced any positive effects. The sealant nature of the material could explain its positive effect on the Bio‑Vent specimens even if the adhesive effect had been reduced. Further research is necessary to validate this assumption. The Bio‑Vent specimens consistently produced negative changes in the mean torque necessary to loosen the abutment screws after testing. This could be the result of the design of the components, the accuracy of the machining of the components, or the use of inappropriate torque values for tightening the screws.

There was no significant difference in the torque necessary to loosen the screws for any of the implant systems when comparing the 6‑month results to the 1‑month results. This f inding would indicate that in future evaluations, the shorter loading time represented by a 1‑month simulation could be used when the purpose is to measure decreases in the torque necessary to loosen the screws. This finding would further indicate that repeated tightening and loosening of the screws does not result in a decrease in the required torque necessary to loosen the screws.

The results from this investigation indicate that of the three abutment/i m plant combinations tested, screw loosening is more likely to occur during the first month of function with the Core‑Vent system. Therefore, patients receiving Core‑Vent implants and abutments for single‑tooth replacement should be monitored closely for the first month posttreatment. The results also indicate that for the tested systems, the same abutment screw can be reused if the abutment is removed and replaced for maintenance purposes.The long‑term effect on such screws, however, was not tested.

Note: The Core‑Vent Hexlock abutment has been redesigned by the manufacturer since this study was completed. The authors have not tested the new design.

Conclusion

Under the experimental conditions of this investigation the following conclusions can be made:

1 .
The Calcitek Omnilock system with the internal octagon and the Minimatic system with the external hexagon did not exhibit any significant decreases in the torque required to loosen the screws during either the 1‑month or 6‑month simulated function tests.

2.
The Core‑Vent system with the internal hexagon exhibited a significant decrease in the amount of torque required to loosen the screws at the 1month simulation but not at the 6‑month simulation.

3.
Ceka Bond did not significantly increase the amount of torque necessary to loosen the screws for either the Calcitek or Minimatic implant systems.

4.
When Ceka Bond was used with the Core‑Vent system, significantly more torque was required to loosen the screws.
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