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INTRODUCTION 

Fixed implant-supported prosthesis has become 
the standard treatment for partially or totally 
edentulous patients. [1] Implant restorations may 

be screw or cement-retained. Cemented implant 
restorations have become increasingly common  
because of their relative fabrication simplicity, 
decreased laboratory complications, elimination 
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ABSTRACT

Objective: The purpose of this study was to evaluate the effect of venting of implant abutment 
on the peri implant soft tissue response in cement retained restorations.

Patients and methods: 14 titanium threaded implants were placed in 14 patients in the premolar 
maxillary area. 14 crowns were cemented over the abutments where 7 of the abutments were closed 
design while the other 7 were vented abutments.

A three stage protocol was executed; surgical stage where the implants were placed followed by 
the prosthetic stage which included placement of abutments of two designs, CAD/CAM provisional 
crowns were then fabricated and cemented. In the follow- up stage; periodontal and soft tissue 
esthetic assessments were done at the time of provisional restoration placement (base line), then at 
3months and 6months intervals. 

Results: Analysis of the results revealed that the effect of the abutment venting (vented and 
closed) on the peri-implant tissues was statistically insignificant between groups at baseline while 
significant at follow up intervals. 

Conclusion: Vented abutments showed better perimplant soft tissue results at follow up 
intervals. which seems to be strongly correlated to the less amount of excessive cement extruded 
in this group.

Clinical significance: Vented abutments should be considered as  an alternative to  closed ones 
to decrease the amount of extruded cement for better perimplant outcomes.

KEY WORDS: vented abutment, closed abutment, peri implant soft tissue.
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of prosthesis screw loosening, improved esthetics 
and easier control of occlusion compared to screw-
retained ones. . [2] However, during the process of 
cementing the restoration onto an implant abutment, 
cement extrusion can occur with the possibility 
of leaving excess cement in the surrounding 
peri-implant tissues associated with soft tissue 
inflammatory diseases. [3] 

A direct relation between peri-implant disease 
and residual cement has been established in the 
literature, where excess cement is associated with 
signs of peri-implant disease in almost 80% of cas-
es. [4] Peri-implant disease is an inflammatory reac-
tion affecting soft and hard tissues surrounding an 
implant.[5] Residual cement extrusion into the peri-
implant tissues has been associated with this disease 
resulting in a variety of complications including soft 
tissue inflammation, foreign body giant cell reac-
tion, soreness, suppuration, bleeding on probing, 
and loss of the implant supporting bone. [5-7] 

Implant abutments are available as stock or 
custom made where both obtain screw access 
channel, through which the implant-abutment 
connecting screw can be screwed or unscrewed 
easily. The screw access channel in the abutment was 
commonly completely occluded prior to cementing 
the crown. [8]Crown and abutment designs have a 
significant role in how the luting cement works and 
flows. Ideally the abutment-crown configuration 
should allow for an optimum layer of luting cement; 
both providing adequate crown retention yet 
limiting excessive flow. Innovative modifications 
in abutment designs have been reported, which 
can control and specifically direct cement flow as 
abutment venting and internal inserts. [6, 9-12]

A new innovative technique was introduced in 
a report by Wadhwani and colleagues to increase 
volume of retained cement within the crown in 
order to decrease the amount of extruded cement 
where they compared the amount of extruded 
cement around implant/restoration interface when 

using three abutment types and it was reported 
that the type with an open screw access and  added 
two vents showed the least amount of extruded  
cement. [7]

These innovations have the potential to direct 
future abutment design in an effort to improve flow 
of dental cements and potentially reduce the risk 
of residual cement extrusion, thus the basis of this 
clinical study was evaluating the effect of using 
vented abutments on the peri-implant soft tissues.

PATIENTS AND METHODS:

Study design and blinding

This is a randomized, double-blinded clinical 
trial with an equal allocation rate. Both the patient 
s and the evaluator who assessed the soft tissue 
changes were blinded to the group assignment. The 
study was held in the clinics of Faculty of Dentistry, 
Ain Shams University, Cairo, Egypt. All patients 
were randomly assigned to the study.

Patient’s Grouping: 

The present study was conducted on a series of 
14 single piece titanium threaded implants which 
were placed submerged in 14 patients in upper 
premolar area with immediate crown placement 
and cement applied on all axial walls of the internal 
surface of the crown. The patients were divided into 
two groups according to the abutment design:

·	 Group (CA): 7 crowns cemented on closed 
abutments.

·	 Group (VA): 7 crowns cemented on vented 
abutments. (Table 1)

TABLE (1) Study grouping

Closed abutment group (CA) 7

Vented abutment group (VA) 7

Total 14
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Eligibility criteria:

The patients were selected from the outpatient 
clinic of Crown and Bridge department, Faculty 
of Dentistry, Ain Shams University, with no sex 
predilection, systemically healthy patients from 20 
to 40 years old with missing upper premolar bounded 
by a natural tooth anteriorly and posteriorly.

The implants were placed in healed bony site 
with a ridge width of at least 5.5mm and enough 
bone height to accommodate a 13mm implant.
Medically compromised patients, heavy smokers, 
pregnancy, poor oral hygiene, insufficient bone or 
patients with parafunctional habits were excluded 
from the study. 

Randomization and allocation concealment:

All participants were randomly divided into two 
groups according to the abutment design. A person 
that was not involved in the research protocol 
performed the randomization procedure by using 
computer-generated tables. Simple randomization 
with an equal allocation ratio (www. sealedenvelope.
com) was used. 

Study materials and protocol

The materials used in this study were presented 
in Table 2:

TABLE (2) Materials used in the study

Material Manufacturer

Neo CMI implant   IS-II 
active fixture

Neo Biotech implant system, 
Korea.

Straight closed abutments 
Neo Biotech implant system, 
Korea. 

Polyvinylsiloxane 
impression material (Putty)

Panasil - Kettenbach, USA

Polyvinylsiloxane 
impression material (Light)

Panasil - Kettenbach, USA

Dentotemp Temporary cement Itena clinical products, France 

Vipiblock (PMMA) blanks Vipi ,Brazil

Pre- surgical procedures 

Diagnostic cast evaluation: Alginate impressions 
had been taken and poured to obtain diagnostic casts 
for to be mounted on mean value articulator to detect 
the presence of an adequate inter-arch distance and 
to assess alignment of teeth, horizontal and vertical 
jaw relationships.

Clinical photographs: Clinical photographs 
were taken including the implant site and at least one 
adjacent tooth on each side to ensure comparability. 

Radiographic examination: Standardized 
CBCT scanning procedures were done for all 
patients by the same radiologist operating a CT 
machine (PLANMECA ProMax)*.

Implant planning: The proper implant diameter 
and length were selected guided by the CBCT 
measurements keeping a 2 mm safety margin of 
intact bone between the implant and the floor of the 
maxillary sinus and 1.5 mm between the implant 
and the adjacent teeth as shown in Figure 1

Surgical guide designing and fabrication: The 
surgical guide was fully digitally designed and 
fabricated where the completed surgical template 
was exported as an STL file ready for printing in 
3D printer.

Fig. (1) Implant Planning 

* Planmeca Oy, Helsinki, Finland
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The study design included three stages:

Stage 1: Surgical Stage:

1- Pre-surgical medication: Strict oral hygiene 
measures were advised to each patient one week 
before surgery. 

2- Surgical Procedures: Neobiotech surgical 
tray kit* and Dentis simple guide surgical kit**  were 
used for implant placement. During drilling no 
lateral movement was done. Only vertical motion 
is allowed to avoid detachment of the metal sleeves 
and/or fracture of the guiding tubes. Healing caps 
were inserted for 48 hours healing.

3-Postoperative care and medications:

Patients have been instructed to follow a post-
surgical medication, oral hygiene measures and 
instructions

Stage 2: Prosthetic Stage:  

1-Impression making: Implant impression 
copings were screwed over the implants for 
final impression which was made using vinyl 
polysiloxane impression material with open tray 

one-step impression technique followed by pouring 
of stone models.

2-Abutment preparation: The abutments were 
prepared to receive the PMMA crowns.

Seven abutments were kept closed while the 
other seven were modified by placing vent holes 
internally where 2 holes, 180° apart approximately 
3 mm below the occlusal surface were done using 
round bur size 2 with head diameter 1mm. Figure 2

3- PMMA crowns fabrication:

Scanning of the poured models was done 
using Identica blue hybrid desktop scanner****. 
Designing of the crowns was done using Exocad  
software***** with 80μm cement gap starting 1mm 
above the margin and nonfunctional occlusion with 
the opposing teeth. The temporary crowns were 
milled using CAD/CAM Vhf S1 five axis milling 
machine ****** out of PMMA blanks to match the 
contours and contact areas of their contra lateral 
counter parts allowing the soft tissues to adapt to 
optimal contours. The healing caps were removed 
from the patient’s mouth and the final abutments 
(closed or vented) were removed from the cast and 

Fig. (2) a) closed abutment    b) vented abutment Fig. (3) CADCAM Crown fabrication

* Neobiotech Inc., Los Angeles, USA.
** Dr. Amr EL Khadem, Cairo, Egypt.
*** MEDIT corp. Seoul, Korea 
**** Exocad GmbH, Darmstadt, Germany
***** Vhf, Ammerbuch, Germany
****** Itena , France.
***** Hu-Friedy, Chicago, USA.
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tightened over the implants, then the restorations 
were placed over the corresponding abutments and 
checked for contact, occlusion and shade. Figure 3

4- Cementation: Long term temporary cement 
(Dentotemp)*** was used to cement the PMMA 
crowns over the abutments. The amount of cement 
used is measured on a calibrated mixing pad. 3mm 
of cement is used each time to coat the internal 
surface of the crowns using a size 2 brush.

The abutment screw access was closed before 
the crown is cemented on the closed abutment 
group while a Teflon tape was used to cover the 
screw head keeping the screw access hole opened in 
the vented abutment group. 

Finger pressure was used for seating the crown 
and held in position for 1minute then the patient 
was instructed to bite on cotton roll for 5 minutes. 
The restoration margin was carefully checked and 
excess cement was removed using a round blade 
sickle scaler***** and dental floss was used for 
checking of cement removal. Conventional brushing 
and flossing were permitted. Figure 4

Stage 3: Post-restoration follow-up implant 
evaluation stage:

All follow up assessments were made by two 
well-trained blinded observers different from the 

implant surgeon and prosthodontist and the mean 
of their scores was recorded. Base line clinical 
examination and photographs were performed at the 
time of crown cementation, and re-examination was 
scheduled 3 and 6 months intervals for evaluating 
the following parameters:

1st: Periodontal assessments:

The following periodontal parameters were 
assessed at the mesial, buccal, distal and lingual 
aspects of each implant (test) and the adjacent 
natural teeth (control):

i. Gingival marginal level :The location of the 
peri-implant mucosal or gingival margin in 
relation to the inferior border of the crown over 
the implant or the cemento-enamel junction of 
the natural adjacent teeth was determined to the 
nearest mm.

ii. Pocket probing depth (PPD): The periodontal 
probe with 1 mm markings and 0.45 mm probing 
tip diameter was inserted into the sulcus with 
little force and the pocket depth was measured 
to the nearest millimeter from the gingival or 
peri-implant mucosal margin to the bottom of 
the sulcus.

Fig. (4) a . Abutment inserted b. Crown cemented 

* Hu-Friedy, Chicago, USA.
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iii. Modified plaque index (Oral hygiene status) 
(PlI):

Presence or absence of visible plaque at the soft 
tissue margin was assessed and scores were given.

0: no detection of plaque

1: plaque only recognized by running a probe 
across the smooth marginal surface of   the implant

2: plaque can be seen by naked eye

3: abundance of soft matter

2nd: Soft tissue esthetic assessments, PES:

The Modified pink esthetic score (PES)comprises 
the following five variables: mesial papilla, distal 
papilla, curvature of the facial mucosa, level of the 
facial mucosa, and root convexity/soft tissue color 
and texture at the facial aspect of the implant site. 
A score of 2, 1, or 0 was assigned to all five PES 
parameters.

The five described parameters (5 X 2) add up, 
under optimum conditions, to a score of 10; the 
threshold of clinical acceptability was set at 6. 

All clinical & follow up data were then tabulated 
& statistically analyzed

Statistical analysis

Data presented as mean, standard deviation 
(SD), frequency (N) and percentage (%) when 
appropriate. Kruskal Wallis test used to compare 
between different tested groups for non-parametric 
data. One Way ANOVA used to compare between 
tested groups followed by pairwise comparison for 
with Tukey’s posthoc test for parametric data. The 
significance level was set at P ≤ 0.05. Statistical 
analysis was performed with IBM® SPSS® (SPSS 
Inc., IBM Corporation, NY, USA) Statistics Version 
25 for Windows.

RESULTS

Gingival marginal level

Difference between tested groups for Mean Gin-
gival marginal level:

Mean and standard deviation (SD) for Gingival 
marginal level for different tested groups presented 
in table (3) and figure (5).Considering the follow 
up periods there was no statistically significant 
difference between groups at the base line and in the 
6 months follow up while there was a statistically 
significant difference between closed and vented at 
3 months follow up.

TABLE (3) Mean and standard deviation (SD) for 
Gingival marginal level for different 
tested groups

CA VA P value

Mean SD Mean SD

Gingival 
marginal 

level

Immediate 3.33 0.58 3.50 0.50 0.503 NS

3 Months 4.33 0.58 3.17 0.58 0.003*

6 Months 4.50 0.50 4.33 0.58 0.567NS

*= Significant, NS=Non-significant

Fig. (5) Bar chart showing the mean Gingival marginal level 
for different tested groups.
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Probing Depth (mm)

Difference between tested groups for Mean Prob-
ing Depth (mm):

Mean and standard deviation (SD) for Probing 
Depth (mm) for different tested groups presented in 
table (4) and figure (6).

Considering different intervals of the follow-
up period, the difference in probing depth between 
tested groups was statistically non-significant as 
indicated by t test (p>0.05).

TABLE (4) Mean and standard deviation (SD) for 
Probing Depth (mm) for different tested 
groups

CA VA p-value

Mean SD Mean SD

Probing 
Depth 
(mm)

Immediate 2.39 0.93 2.28 1.03 0.837 NS

3 Months 2.78 1.30 2.11 0.89 0.283 NS

6 Months 2.94 1.33 1.83 0.75 0.078 NS

Modified pink esthetic score

Difference between tested groups for Mean Mod-
ified pink esthetic score:

Mean and standard deviation (SD) for Modified 
pink esthetic score for different tested groups pre-
sented in table (5) and figure (7).

Considering the follow up periods there was no 
statistically significant difference between groups 
at the base line follow up while there was a statis-
tically significant difference between closed and 
vented abutments in 3 months follow up and in the 
6 months 

TABLE (5) Mean and standard deviation (SD) for 
Modified pink esthetic score for different 
tested groups.

Group Ax

p-valueCA VA

Mean SD Mean SD

Modified 
pink 

esthetic 
score

Immediate 8.00 0.87 8.56 0.53 0.172 NS

3 Months 7.78 0.97 8.78 0.67 0.004*

6 Months 7.89 1.17 9.00 0.87 0.05*

Fig. (6) Bar chart showing the mean Probing Depth (mm) for 
different tested groups.

Fig. (7) Bar chart showing the mean Modified pink esthetic 
score for different tested groups.
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DISCUSSION

The perimplant soft tissue regarding its 
biological and esthetic conditions is one key factor 
for a successful implant restoration.  A direct link 
between peri-implant disease and residual cement 
has been demonstrated in the literature. [4] Moreover, 
residual excess cement has been reported as a risk 
factor by the American Academy of Periodontology 
consensus report on peri-implant disease. [13] Studies 
have reported that removal and prevention of all 
residual cement is of high priority during implant 
prosthetic procedures [5, 7] 

One fact to be considered during planning for 
cemente retained implant restorations is to deal 
with the crown, implant abutment, and cement 
as an integrated  system, with each component 
contributing to how the system functions and how 
to  control excess cement extrusion to ensure ideal 
biological and esthetic outcome. 

A variety of implant abutments are introduced by 
the manufacturers in terms of material, angulation, 
and design .It was considered a common practice to 
close an abutment screw access before the crown 
is cemented, however, modifying the abutment 
by placing vent holes has the added advantage of 
changing the way the cement flows and the amount 
of cement kept within the abutment. [7] 

It has also been suggested by Patel et al that the 
presence of a vent hole in the implant abutment, 
regardless of location or diameter, provides a path 
for the escape of excess cement to not only enable 
a better seating, but also to reduce the amount of 
cement actually being expressed at the margin. [6]

Although many clinical studies have reported 
a positive impact of venting the abutment on 
peri-implant soft tissues , yet the data have still 
been inconclusive & up to date the literature still 
lacks providing clinical evidence about the true 
influence of these factors on preserving soft tissue. 
Accordingly, the current study was conducted to 
evaluate the influence of venting the abutment on 

variable biological & esthetic outcomes around 
single tooth implants. 

Single implant restorations were only included 
in this study to ensure the presence of neighboring 
teeth as a reference and for interdental papillary 
support, while  restoring multiple missing teeth and 
areas with bone or soft tissue deficiencies needs 
special surgical and prosthetic approaches beyond 
the scope of our study. It should be also mentioned 
that the maxillary premolar area has been the one 
of interest in our search as it combines the high 
concern of both esthetics and function. 

Standardization of factors that can influence the 
results such as: age range, bone quality, implant 
type, surgical technique and loading periods  was 
achieved throughout the study. Moreover, all patients 
received the same treatment protocol performed by 
a team of the same implantologist, prosthodontist 
and laboratory technician. Additionally, implants 
of all subjects included in the study were randomly 
assigned to one of the treatment protocols to avoid 
any bias among different treatment protocols. 

Prosthetic driven approach, Computer-assisted 
drilling guides and flapless technique have been 
used to provide ideal implant placement angulation, 
minimal invasion together with less postoperative 
complications, minimized crestal bone loss, and to 
facilitate the establishment of favorable forces on 
the implant and the prosthetic component ensuring 
predictable prosthetic outcome. [14, 15]

Implant planning was done according to the 
available mesio-distal and bucco-lingual dimensions 
of the edentulous area which was estimated on the 
CBCT where a safety zone of bone was left around 
the implant of 2 mm between the implant and the 
floor of the maxillary sinus and about 1.5 mm 
between the implant and the adjacent teeth. [16]

Prosthetic procedures and loading were preformed 
immediately within the first 48 hours of implant 
placement to allow executing our investigations 
following an immediate loading approach which is 
recommended nowadays especially in esthetic areas 
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with minimal functional risk factors . As for the 
laboratory steps, they were are all done using CAD/
CAM technology to achieve high levels of accuracy 
as the temporary crowns were  designed and milled 
of a standard anatomy, size and cement gap (30 μm) 
to ensure maximum standardization possible for 
cement space available for all the samples.

Temporary crowns have been our choice for 
immediate loading as they temporization is well 
known to develop soft tissue contours and support 
and maintain the interdental papilla during the 
healing phases.Moreover, the high level of fracture 
resistance for the CAD/CAM temporary crowns 
allows their use as long-term temporary solution on 
implants. [17, 18]

Long term temporary cementation was also 
used in our study because retrievability of implant 
prosthetic components is a significant safety factor. 
[19] Among a variety of cements  DentoTemp (Itena 
Co. Paris, France) was recommended and used in 
the study due to its low film thickness (14 μm) as 
claimed by manufacturer, high radiopacity that is 
beneficial to detect excess cement in radiographs 
and high mechanical properties compared to other 
temporary cements. [20]

Evaluation of esthetic outcomes in the current 
study goes with Belser et al [21] who pointed out to 
the measurement of esthetic outcomes in clinical 
studies and suggested that a selective assessment 
of peri-implant soft tissues with an objective 
score would help to evaluate implant-supported 
restorations.  PES was used as an objective score 
for evaluation of peri-implant soft tissue esthetics. 
It integrates the height and level as well as the color 
and texture of peri-implant soft tissue .PES was first 
used in 2005 by Furhauser et al [22] for soft tissue 
evaluation around 30 single-tooth implant crowns 
and their results revealed that PES is a suitable 
instrument for reproducibly evaluating soft tissues 
around single-tooth implant crowns and monitoring 
long term soft tissue alterations. 

This outcome was supported by another study in 
2008 by Gehrke et al [23] who found that the PES 
allows for a more objective appraisal of the esthetic 
short- and long-term results of various surgical 
and prosthetic implant procedures. It reproducibly 
evaluates the peri-implant soft tissue around single-
implant restorations and results in good intra-
examiner agreement. Beside the esthetic soft tissue 
assessments, classical periodontal parameters in 
terms of PPD, BOP, PI and soft tissue condition 
were measured for clinical monitoring of implant 
soft tissue health.

When measuring the effect of the abutment 
design (vented and closed) on the peri-implant 
tissues it was found that there was statistically 
significant difference between groups regarding 
almost all periodontal parameters except for pocket 
probing depth. This might be due to the vents 
utilized in the abutment, which control the flow of 
throughout the abutment during the entire crown 
seating as revealed by a finite element analysis study 
on novel vented dental abutment geometries for 
cement-retained crown restorations who concluded 
that venting dental abutments can be accomplished 
to allow for improved dental cement flow within the 
system. However, they also stated that the abutment 
geometry must be carefully designed to ensure 
mechanical stability. [24]

The difference observed in Gingival level and 
being of better values among vented abutments  at 
follow upmight be justified by the better control on 
residual extruded cement in such abutments with 
better periodontal parameters values which goes 
well with   Scully et al. 2007   who demonstrated 
that the adequate removal of excess cement can 
result in resolution of the peri-implant disease if 
early addressed. [25]Our results are also in consistent 
with Thomas G [4] who observed significantly that 
majority of the tissues surrounding the implants 
demonstrating signs of peri-implant disease had 
retained excess cement in the subgingival spaces.
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Analysis of soft tissue esthetics in terms of 
modified PES revealed also statistically significant 
difference between groups with vented abutments 
showing the best esthetic results at 3 and 6 months 
follow up. Of interest from an esthetic point of view 
is the topography of the surrounding soft tissues i.e. 
the position of the soft tissue margin at the facial 
aspect of the crown, since it will dictate clinical crown 
length and cervical form of the implant-supported 
crown and the degree of interdental papillae fill. 
Again, this better esthetic behavior seems to be 
strongly correlated to the less excessive cement 
extruded in this group as previously described by 
Wadhwani and Chung [26] .One explanation is that 
when a crown that seats fully onto an abutment is 
cemented; an inverse relationship exists between 
the amount of retained cement and that extruded at 
the crown-abutment margin for a given amount of 
cement. So it would be reasonable that increasing 
the free space by opening the screw channel would 
increase the amount of cement to be retained inside 
the crown and decreased amount of cement would 
be extruded.

In another study by Wadhwani et al [7] the results 
showed that venting the hollow abutment resulted 
in the least amount of cement extrusion when 
compared to closing off the screw access channel. 
Within the limitations of the study, it was concluded 
that the use of two, 1mm radius vent holes placed 3 
mm apical to the occlusal area of the abutment and 
180 degrees apart will limit the amount of cement 
extruded into the gingival sulcus of implant-retained 
crowns.

Furthermore, this outcome was also supported 
by continuous study by Wadhwani and Chung [27] 
who found out that modifying the internal configu-
ration of the screw access channel of implant abut-
ment affected the amount of extruded cement. It 
is also worth mentioning that a study using novel 
computational fluid dynamics approach achieved 
virtual model simulation results following those of 
a physical actual cement-retained crown-implant 
abutment study emphasizing the fact that abut-

ment modifications has a major effects on cement 
flow that may in turn have clinical periimplant  
implications. [10]

Accordingly, using vented abutments while 
applying the cement on the internal walls of the 
crown in the current study resulted in decreasing 
the amount of excess extruded cement and therefore 
better soft tissue health was recorded at follow up. 
The common general finding regarding both groups 
was that all biological and esthetic outcomes were 
within the normal health limits, remained relatively 
stable. This could be related to the atraumatic 
conservative surgical approach a conclusion which 
agrees with Patil et al [28] who followed the same 
conservative surgical and meticulous prosthetic 
procedures that may preserve the soft and hard 
tissues from damage. 

Limited number of patients, accurate observation 
of patient inclusion/exclusion criteria, conservative 
surgical technique, strict periodontal and prosthetic 
monitoring and short observation period, could be 
considered important co-factors for a high short-
term successful rate observed in the study groups.

CONCLUSION

Within the limitations of this study, the 
following conclusions could be drawn:

Peri-implant esthetic and biological outcomes of 
both abutment designs were within the normal health 
limits and remained relatively stable throughout the 
six months follow up period of the study.

Vented abutments exhibit less excess cement 
extrusion and better soft tissue response at follow 
up intervals .

Additional properly designed studies with more 
relevant number of patients and long-term follow-
up is recommended in order to establish the long –
term effect the abutment design on peri-implant soft 
tissue health and esthetics.
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