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Featured Application: The result of this paper provides clinical guidance for the use of
interim restoration, which protects a dental implant and the surrounding tissue by distributing
unfavorable stress over the implant and the bone surface.
Abstract: The aim of this study was to analyze the load distribution of interim restorations using
healing cap during immediate loading implant treatment in vitro. A total of 29 models with interim
restorations which were fabricated with healing cap were selected. The pull-out strength was
measured with a used healing cap and new healing cap. The compressive strength and sinking
distance were also measured. The pull-out strength of interim restoration showed lower value
(max. 29.8 N) compared to the natural bite force. The sinking amounts were larger than normal tooth
sinking. The sinking amounts of interim restorations fabricated on a healing cap were roughly 3 times
(0.3–0.5 mm under 450 N) those of normal teeth. The interim restoration on plastic healing cap would
be useful for immediate loading implant treatment.
Keywords: bite force; dental implant; immediate dental implant loading; temporary dental restoration

1. Introduction
Improvements in implant surface design and surgical technique have led to modifications in the
traditional treatment concept of implant loading time and have increased the rate of success.
The success of immediate-loading implants, in which the force is loaded within one week of the
surgery, is determined predominantly by the primary stability and osseointegration during the initial
healing period. The initial stability of the installed implant is primarily dominated by the mechanical
stability rather than the biological stability [1]. This tendency is reversed as the bone undergoes a
phase of formation and remodeling. A temporary decrease in stability is noted during this transition,
and overloaded or unfavorable forces applied to the implant during this phase of instability hinder
successful osseointegration [2].
Kan et al. reported a 100% survival rate of single immediate-loading implants on the anterior
maxillary region, which can be largely attributed to the strict inclusion and exclusion criteria
that prevented failures [3]. Despite the challenges associated with immediate-loading implants,
studies reporting success rates close to 100% have included high primary stability with insertion
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torque more than 30 Ncm as one of the indications for applying immediate loading [4–6]. The primary
stability is an essential factor in planning immediate-loading as the treatment modality [7].
Brunksi et al. reported that micro-motion of more than 100 µm interfered with direct
osseointegration, and Pillar et al. noted that micro-mobility of more than 150 µm caused fibrous
tissue formation whereas 28 µm or less did not influence osseointegration in any way. In contrast,
Wolff’s law states that increases in stress stimulate new bone formation, and decreased stress leads to
bone loss. Thus, controlled micro mechanical stress through temporary restorations during the initial
healing phase may be a useful stimulant for bone formation [8–10].
Provisional restorations fabricated with acrylic or composite materials provide a means of both
functional and esthetic rehabilitation for a certain period of time in immediate-loading treatment [11].
A study using finite element analysis revealed that the distribution of occlusal force loaded on the
provisional restoration varies according to the material of the fitness of the restoration, which then
delivers the force to the retention screw and the underlying bone tissue [12].
A customized healing cap simplifies the fabrication of acrylic provisional restorations over the
cap while also allowing easy removal from the abutment with appropriate fitting at the margin.
Hence, it is used in immediate-loading cases; however, studies of its response to occlusal loading is scarce.
The purpose of this study was to analyze the load distribution of provisional restorations using a
healing cap during immediate-loading implant treatment.
2. Materials and Methods
Twenty-nine post-treatment models with provisional restorations fabricated with a healing cap
(TS Rigid Protect Cap, Osstem, Busan, Korea) during immediate-loading implant treatment at the
Department of Dentistry, Korea University Anam Hospital were selected. The healing cap was 1.3 mm
longer and 0.4 mm wider than the abutment underneath. The types of prostheses included 13 one-unit,
9 two-unit and 7 three-unit restorations for a total of 52 implants. The implants were placed using
the submerged approach with 2-piece configurations, which comprise separate abutment and fixture
(TS III Ø4.5, Osstem, Busan, Korea).
The provisional restorations were directly fabricated chair-side with acrylic resin (Alike, GC,
Tokyo, Japan) with a clear shell fabricated from a study model prior to surgery and delivered to
patients immediately following implant installation (Figure 1). All selected cases were completed
to the final restorations and showed desirable clinical results (Figure 2). Restoration scheme for the
provisional restorations in the anterior area was established so no contact is made during protrusion
or lateral movement of the mandible. The restoration scheme in the posterior area was that there was
no contact in eccentric movement while 50 µm gap occurs during centric movement.

Figure 1. Labial (a) and lingual (b) view of provisional restoration fabricated on the healing cap and
final restoration.
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Figure 2. Treatment procedure of a one-unit case showing before the treatment (a), immediately after
surgery with healing cap (b), provisional restoration on healing cap (c), abutment placement after
healing of surrounding tissues (d), and final restoration (e).

2.1. The Pull-Out Strength Test
2.1.1. With Healing Cap
The provisional restorations were removed and collected from patients’ oral cavities after use.
A hook made from a 1.05-mm wire was attached to the restoration at its midmost point buccolingually
and mesiodistally with acrylic resin to measure the tensile strength. In the case of two-unit restorations,
the hook was attached on the connector part, and in three-unit restorations, the hook was attached to the
tooth in the middle. The tensile strength was evaluated via the universal testing machine (Instron 4465,
Instron Corporation, Norwood, MA, USA) with 1 mm/min crosshead speed. The pull-out strength was
determined as the maximum tensile strength after removal of the restoration (Figure 3).

Figure 3. Provisional restoration (a) and pull-out strength test with the testing machine (b).

2.1.2. New Healing Cap
Specimens were fabricated using new healing caps identical to the ones used for patients.
The specimens were not in the restorative form; however, the acrylic resin was added on the healing
cap in the same manner as the ones used for clinical situations in order to attach the hook for strength
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measurement. The specimens of two- and three-unit restorations had their healing caps assembled
together with acrylic resin to maintain their forms. The pull-out strength was determined with the
same method as the initial healing cap.
2.2. The Compressive Strength Test and Measurement of Displacement
Compressive strength and sinking were measured using a universal testing machine with the
provisional restoration set on the model at 1 mm/min crosshead speed. The compressive strength was
determined to be the maximum load after complete fracture of the restoration.
Sinking was defined as the total distance the crosshead moved from the point of contact with
provisional restoration to the point of fracture of the restoration during the compressive fracture
strength evaluation.
2.3. Statistical Analysis
The pull-out strength, compressive strength and sinking data were stratified according to the
number of units of restoration and were compared using Kruskal-Wallis test (SPSS ver. 20, IBM,
Chicago, IL, USA).
3. Results
All twenty-nine provisional restorations fabricated with a healing cap remained at their original
sites and there was no dislodge of any component during the healing phase. In evaluation of the
pull-out strength of the healing caps, the values exhibited an incremental trend from one-unit to
three-unit restorations; one-unit restorations had a pull-out strength of 7.8–14.8 N, two-unit restorations,
10.4–13.9 N and three-unit restorations, 16.7–20.6 N. There were significant differences between the
unit groups (p < 0.05). The average and standard deviation are shown in Table 1.
Table 1. Pull-out strength of the healing caps.
Mean
(N)

Std

New

1 unit
2 unit
3 unit

14.2 a
27.8 b
29.8 b

0.9
1.6
5.2

Used

1 unit
2 unit
3 unit

10.2 a
12.0 b
18.5 c

2.5
1.1
1.5

Group

a,b,c

Different superscripts in each cell indicate a statistical differences (p < 0.05), and identical superscripts indicate
no statistical difference within the croup.

Pull-out strength values of the new healing caps were shown to be 12.0–15.0 N for one-unit,
26.4–31.5 N for two-unit and 22.9–38.3 N for three-unit restorations. The incremental trend as the
unit increased was also shown with the new healing caps. There was a significant difference between
the one-unit and two- and three-unit groups (p < 0.05), whereas no statistical differences were seen
between the two-unit and three-unit groups. The average and standard deviation are shown in Table 1.
The results of compressive fracture strength of the used provisional restorations are shown in Table 2.
The two-unit group showed the lowest values with a range of 882.0–1267.1 N, the one-unit group ranged
from 1017.2–1477.8 N and the three-unit group showed the highest values, ranging 1278.9–1759.1 N.
There were statistically significant differences between the groups (p < 0.05), and the mean and standard
deviations are shown in Table 2.
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Table 2. Comprehensive fracture strength of used provisional restorations.
Unit

Mean Compressive Strength (N)
a

1 unit
2 unit
3 unit

1274.9
1039.8 b
1587.6 c
a,b,c

Standard Deviation

Mean Sinking (mm)

83.3
82.3
267.5

0.69
0.60
0.78

Different superscripts in each cell indicate a statistical differences (p < 0.05).

The sinking was recorded as the maximum force at the point of restoration fracture during
compressive strength evaluation. The trends in this test were similar to those of the compressive
strength test, with values increasing in order of two-unit, one-unit and then three-unit groups.
The two-unit group showed the lowest values of 0.49 mm to 0.78 mm, the one-unit group had values
of 0.50 mm to 0.90 mm, and the three-unit group showed values of 0.66 mm to 0.93 mm. The mean
and standard deviation are shown in Table 2.
Figure 4 shows the representative load-displacement graph of one-unit, two-unit and three-unit
provisional restorations.

Figure 4. Load displacement of provisional restorations.

4. Discussion
Occlusal forces affect the bone surrounding an oral implant. Mechanical stress can have both
positive and negative consequences for bone tissue and maintaining the osseointegration of an oral
implant [10]. An adequate magnitude of immediate load can promote peri-implant osteogenesis,
while excessive load can cause breakdown of peri-implant tissue [13].
Immediate loading may reduce the treatment duration and prevent the resorption of the bone
surrounding extraction sockets; however, a cautious approach should be taken as overloading may
lead to failure of the implant with elongated treatment duration and may lead to dystrophy of the
surrounding tissues [14].
The major difference between natural teeth and dental implants is the presence of the periodontal
ligament, which effectively distributes the dynamic load in natural teeth.
Periodontal tissues contain various load-distributing components such as minerals,
fibrillar proteins and globular proteins. The fibrillar proteins interact with globular proteins, interstitial
fluid and blood [15–17]. These components with their respective constitutive properties could have
different load-bearing responses individually or combined, depending on the rate of loading [18].
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Thus, the existence of shock absorbing before obtaining firm osseointegration might effectively
distribute the loading to the implant and make immediate loading more successful.
The present study evaluated provisional restoration using a healing cap for load buffering.
Since this was an in vitro study, conditions that may cause spontaneous dislodge of provisional
restorations, such as water leakage in cement, did not occur. If such displacement occurs in clinic,
the dentist may simply check the occlusion and reattach provisional restoration and the implant will
be safe. The results revealed that provisional restorations showed sinking tendencies to certain extents
until the point of fracture. Considering the range of sinking in a natural tooth is 0.05–0.1 mm under
45 kgf, the present study showed 0.3–0.5 mm sinking under 45 kgf, which exhibits the protection
capability of a plastic fabricated cap applied on implants between natural teeth [19].
The results of the study showed detachment in all temporary restorations fabricated with plastic
caps under a force less than 30 N. This force may be considered relatively weak compared to the normal
bite force of humans. Although there are differences in the direction of the force, the fall off of the
temporary restoration may prevent the adverse external force. Paying careful attention to the occlusal
scheme and characteristics of force is especially crucial in the case of screw-retained implants, as force
cannot be dispersed or lost through the loosening of healing cap, but rather passing directly down the
body of implant. This creates an adverse environment that may eventually cause ossteointegration
failure of implant.
Considering that the maximal bite forces on posterior teeth are 330–800 N, the fracture strength
shown in the present study had the capacity to withstand the subject’s occlusal forces [20–25].
The notably low fracture resistance in two-unit restorations may be explained by our selection of
the point part as the point of force loaded rather than directly on the abutment. Also, there might be
limitations in this study that prevented perfect simulation of clinical situations. Further studies should
include the standardized method of force loading.
5. Conclusions
In conclusion, the pull-out strengths of used and new provisional restorations were less (max. 29.8 N)
than the natural bite force. The sinking amounts of provisional restorations fabricated on a healing cap
were roughly 3 times (0.3–0.5 mm under 45 kgf) those of normal teeth. Within the limitations of the current
experimental settings of this study, it can be concluded that provisional restoration fabricated on a plastic
healing cap may protect implant fixtures against harmful loading for successful immediate loading.
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