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Chapter 5

Influence of Initial Mucosal 
Thickness on Crestal Bone

The influence of initial mucosal thickness on crestal bone change

in similar macro geometrically implants: a prospective randomized clinical trial

van Eekeren PJA, van Elsas P, Tahmaseb A, Wismeijer D. 
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Abstract

Objective: To evaluate crestal bone changes around bone and soft tissue level implants 

related to initial mucosal thickness.

Materials & Methods: Patients received at least 2 implants: one with the prosthetic 

abutment connection at the crestal bone level (MC) and one with the prosthetic abutment 

connection at 2.5 mm supra crestal (LC). Flap thickness measurements were taken using 

a periodontal probe after raising the buccal flap. Patients were divided into 2 groups 

according to mucosal thickness – Group A (thickness, ≤ 2 mm) and Group B (thickness,

> 2 mm).

Results: Our study included 33 patients and 78 implants. Each patient received at least

1 implant of each type: Group A (MC), 17 implants, with a mean bone change of -0.6 ± 0.5 

mm; Group B (MC), 20 with a mean bone change of -0.2 ± 0.4 mm; Group A (LC), 15 with 

a mean bone change of -0.1 ± 0.5 mm; and Group B (LC), 22 with a mean bone change of 

-0.2 ± 0.4 mm. A paired-samples t-test for Group A (MC) and B (MC) yielded a statistically 

significant difference (P  = .003); there was no statistically significant difference for Groups

A (LC) and B (LC) (P  = .518).

Conclusion: If the initial mucosal thickness surrounding bone level implants is more than

2 mm, there is significantly less crestal bone change compared to bone level implants 

placed in initial mucosal thicknesses of 2 mm or less. This difference is not statistically 

significant when soft tissue level implants are used and the implant-abutment connection 

is 2.5 mm above the crestal bone level. 
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The influence of initial mucosal thickness 
on crestal bone change in similar macro 
geometrically implants: a prospective randomized 
clinical trial

Introduction

The clinical application of dental implants has demonstrated highly predictable outcomes. 

Crestal bone changes have been reported as a key factor for success when using dental im-

plants (Albrektsson et al. 2012, Cochran et al. 1997). The less bone remodeling occurs, the 

greater is the chance for long-term, stable implant success. Various factors have been de-

scribed as contributing to this success, including implant characteristics (Buser et al. 2004, 

Fernández-Formoso et al. 2012, Lee et al. 2010, Kim et al. 2009); type and length of surgery 

(Burkhardt & Lang 2005, Cortellini & Tonetti 2007); location of the implant-abutment micro-

gap (Broggini et al. 2003, Hanggi et al. 2005, Hermann et al. 2001, Hermann et al. 2011, Oh 

et al. 2002, Schwarz et al. 2013, Tatarakis et al. 2012, Weng et al. 2010); and biologic width 

(Cochran et al. 1997, Cochran & Nevins 2012, Hermann et al. 2000, Hermann et al. 2001, 

Linkevičius & Apse 2008). Most dental implants can be differentiated as either bone level 

or soft tissue level implants; the main difference is in the epi- or supracrestal connection of 

the Implant-abutment Interface (IAI) (Hermann et al. 2001). At this IAI a microgap is present 

and it is usually considered to be a source of irritation. The microbiome which is present in 

this microscopic space creates an chronic inflammatory response. Hence the connection of 

the implant to the abutments may influence the bone remodeling process. Bone remodel-

ing around these implants is expected to occur when the body is trying either to recover or 

to establish the biologic width (Cochran & Nevins 2012). Biologic width is the defense line 

in which the mucosa fits like a sleeve cuff around the transmucosal part of the implants 

(Broggini et al. 2006, Broggini et al. 2003), described as an inflammatory tissue response 

(Broggini et al. 2003, Cochran et al. 1997). Tissue thickness surrounding the implant could 

influence the marginal bone level. 

Crestal tissue quality, quantity, and composition have been linked to marginal bone changes 

and risk of inflammatory complications. Multiple studies describe the need for keratinized 

tissue around the implant neck (Adibrad et al. 2009, Chung et al. 2006, Kim et al. 2009, 

Schrott et al. 2009). A reduced peri-implant keratinized mucosa width (< 2mm), however, 

does not significantly show more crestal bone changes when compared to the absence of 
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keratinized tissue. They do however show, higher plaque accumulation, bleeding on prob-

ing, and buccal soft-tissue recession (Schrott et al. 2009). 

A study (Linkevičius et al. 2009) examining initial gingival tissue thickness concluded that 

thicknesses of 2.0 mm or less may contribute to crestal bone loss; however, their results did 

not reach the level of significance. The placement of the implant at bone level could also 

contribute significantly to crestal bone change. In another study by the same research group 

(Puisys & Linkevičius 2015), they placed 97 bone level implants in 97 patients divided into 

3 groups and found that Group T1 showed initial soft-tissue thickness of < 2mm; Group T2, 

initial soft thickness of < 2 mm and the use of an allogenic membrane; and Group C, initial 

soft-tissue thickness of 2 mm or more. After 1 year of loading, their results showed a statis-

tically significant difference (P  = .0000) between Groups T1/C and T1/T2, but no statistical 

significant difference in groups T2/C (P  = .909). They concluded that the use of an allogenic 

membrane in thin biotypes could prevent crestal bone loss. The macro geometrical shape of 

these implants however is different and this could lead to a bias in the results.

The need for wide, thick, keratinized tissue around implants seems to be an important con-

tributing factor in the prevention of crestal bone loss. Our aim was to evaluate crestal bone 

changes around macro geometrical similar bone and soft tissue level implants in relation to 

initial crestal mucosal thickness at surgery. The null hypothesis is that there is no difference 

in crestal bone change, irrespective of whether the mucosal thickness is greater or less than 

2 mm. 

Materials & Methods

All procedures were performed at the Department of Implantology, Academic Centre of 

Dentistry Amsterdam (ACTA), and approved by the medical ethics committee of the Free 

University (METc VUMC registration number 2009/221) and carried out according the Dec-

laration of Helsinki. Patients were referred by their respective general practitioners to the 

ACTA for specialist implant therapy. In this study, implant-supported, 3-unit fixed restora-

tions were placed in the posterior maxilla or mandible. This study was performed between 

November 2012 and June 2013. Based on a power calculation, a minimum sample size of 16 

was determined. Patients between the ages of 25 and 85 years were eligible for inclusion in 

the study on fulfilling all of the following criteria: (1) a 3-unit fixed dental prosthesis (FDP) 

supported by 2 implants in a molar/premolar area; (2) adequate bone height and width 

for implant placement without any bone regeneration; (3) agreement to visiting every 3 



months for a strict oral hygiene protocol; (4) had adequate oral hygiene; and (5) were willing 

to sign the informed consent. Patients were excluded from the study if they met any of the 

following criteria: (1) medical conditions that contraindicated surgery (e.g., severe cardiac 

and pulmonary disorders, uncontrolled diabetes, or chronic liver disease; (2) suffered from 

untreated periodontitis; or (3) had a substance abuse problem.

At the time of inclusion in the study, patients were advised regarding the nature of the study, 

as well as the clinical procedures and the possible risks involved. At intake, a panoramic ra-

diograph (Orthopantomograph OP-100 D; GE Healthcare, Little Chalfont, Buckinghamshire) 

was taken to assess the available vertical bone dimensions for implant placement. An in-

dividualized X-ray film holder (Rinn-holder and 1-mm Biolon, Dreve; Dentsply Rinn, York, 

Penn) was designed in a way that future x-rays would have reproducible settings and direc-

tions. A week before the surgery, all patients received a precise treatment overview, and 

informed consent was obtained. The patients’ oral hygiene was examined according to the 

Dutch Periodontal Screening Index (DPSI). General surgery-related instructions were pro-

vided, and the patients were again advised about the procedure and risks involved. A single 

clinician (P. V. E.) carried out the surgical and prosthetic procedures. 

Prior to surgery, patients received a non-steroidal anti-inflammatory medication (600 

mg Brufen bruis; AbbVie S.r.l., Campoverde di Aprilia, Italy) and were asked to rinse their 

mouths for 1 min with 0.2 % chlorhexidine (Corsodyl; GlaxoSmithKline, Utrecht, the Nether-

lands). Implant placement was performed under local anesthesia (Articaine hydrochloride 

4% with epinefrine 1:100000, Ultracain d-s forte; Sanofi-Aventis, Gouda, the Netherlands). 

After a crestal and a partial sulcular incision on neighboring elements, a full-thickness flap 

was deflected only on the buccal side. To perform minimally invasive surgery, no releasing 

incisions were used. During the flap deflection, initially only the buccal was raised, in order 

to accurately measure flap thickness at the lingual side of the crestal incision line using 

a periodontal probe (Hu-Friedy, Chicago, Ill) (figure 1). Both the operator and the patient 

were blind to the random allocation of the bone level (minimized collar, with the prosthet-

ic abutment connection at the crestal bone level [MC], 0.5-mm machined neck for crestal 

placement) and tissue level (long collar, with the prosthetic abutment connection at 2.5 mm 

supra crestal [LC], 2.5-mm machined neck for transmucosal placement) implant on either 

the mesial or the distal implant site. Because of the similar shape of both implants, the os-

teotomies were identical until placement of the implants. Implants were conditioned chair 

side to achieve a hydrophilic implant surface (APLIQUIQ®; Thommen Medical AG, Grenchen, 
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Switzerland). Two implants, one MC and one LC, with similar lengths (SPI ELEMENT INICELL; 

Thommen Medical AG) were placed following manufacturer’s guidelines. The implants were 

slowly threaded into their final positions either using a torque wrench or a contra-angle 

hand piece at a maximum speed of 30 rpm. The machined-polished implant collar of the MC 

implant should be positioned under the crest (according to the manufacturers guidelines). 

A healing cap was placed, and all wounds were sutured tension-free with polypropylene 6/0 

(Hu-Friedy). Healing cap heights were chosen in such a way that patients were blinded to 

the position of each implant type. All implants were placed 1-stage.

All patients received a postoperative prescription for 0.2% chlorhexidine mouth rinse (Cor-

sodyl; GlaxoSmithKline) and were instructed to use it 3 times a day for 2 weeks. No painkill-

ers were prescribed; patients were advised to use acetaminophen when necessary. Further, 

extensive, intermittent, extra-oral cooling with cold-packs was advised for 24 h postopera-

tively. 

The sutures were removed 2 weeks postoperatively. In all patients in whom both implants 

had reached minimum insertion torques of 10 Ncm, impressions were taken during the 

suture removal visit. One week later after impressions taking (3 weeks after surgery) heal-

ing caps were removed and the porcelain-fused-to-metal FDPs were fitted. All FDPs were 

screw retained, with the internal screws tightened at 15 Ncm. All patients received thorough 

dental hygiene instructions using interdental brushes (Interprox plus; Dentaid Benelux, B.V. 

Houten, the Netherlands).

To assure reproducibility of the dental x-rays, an individualized x-ray film holder (Rinn-holder 

and 1 mm Biolon, Dreve) was made for each patient. The radiographs were taken at weeks 3 

and 55 with a square tube using the long-cone paralleling technique (Meijndert et al. 2004). 

We used a phosphor plate x-ray (Durr Dental, Bietigheim-Bissingen, Germany); the x-ray 

tube (Planmeca, Helsinki, Finland) had the same setting for each patient. It was fitted onto 

the antagonist jaw so that the first x-ray after placement was directed in the same place at 

both the 1- and 12-month visits, as the FDP was not fitted until week 3. We used Image J 

software (1.47 V Wayne Rasband; National Institutes of Health, Bethesda, Md) to assess the 

mesial and distal bone levels. Each radiographic picture was randomly numbered, and the 

measurement moment (T0 or T12) was blinded for the examiners (P.V.E. & D.W.). The scale 

was set and calibrated by the width of the dental implant, which yielded a pixel/mm ratio. 

Radiographical bone levels were calculated between placement and 12 months. The 2 ex-



aminers made measurements independently of each other in a darkened room, in order to 

assure the most accurate measurements (figure 2). The primary outcome measurement was 

the mean worst crestal bone change per implant type and the mucosal gingival thickness.

Statistical Analysis

For statistical analysis, we used the SPSS statistical package (SPSS version 21; SPSS Inc., Chi-

cago, Ill). The inter-examiner score was assessed and yielded an intra-class correlation coef-

ficient and a 95% CI. A Shapiro-Wilk’s test was used to test the null hypothesis that the data 

are normally distributed. The scores of the worst case scenario (i.e., the most crestal bone 

change of either the mesial or distal side of each implant), were used for statistical testing. 

All implants were divided into 4 groups according to gingival thickness and implant types: 

MC implants with an initial mucosal thickness of 2.0 mm or less (Group A [MC]), MC im-

plants with a initial mucosal thickness greater than 2.0 mm (Group B [MC]); LC implants with 

an initial mucosal thickness of 2.0 mm or less (Group A [LC]); and LC implants with a initial 

mucosal thickness greater than 2.0 mm (Group B [LC]). A paired-samples t-test was used 

for the analysis of the mean crestal bone changes per implant per group. According to the 

intent-to-treat analysis, all patients were treated as intended and thus no effort was made 

to correct statistically for the early or the conventional loading of the implants. 

Figure 1: The periodontal probe used to measure flap thickness at the lingual side of the crestal 
incision line.
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Figure 2: The standardized x-ray was used to obtain the radiographical bone levels.

Results

The patients were prospectively followed-up for at least 1 year, and 33 consecutive patients 

(20 women and 13 men), with a mean age of 61 years (range: 36–85 years), fulfilled the 

inclusion criteria for this randomized trial. A total of 78 implants were placed: 39 Thommen 

SPI-ELEMENT LC implants and 39 Thommen SPI-ELEMENT MC implants, with 29 patients 

receiving 2 implants, 3 receiving 4 implants, and 1 receiving 8 implants. Every FDP was sup-

ported on 1 LC and 1 MC implant. One patient lost an MC implant to infection at week 3 

(1.3%), and 1 patient deceased during the 1-year follow-up. A Shapiro-Wilks’ test (P > .05) 

showed that the data were approximately normally distributed and that parametric statisti-

cal tests could be applied.

The intra-class correlation of measurements performed by the first and second x-ray exam-

iner was 0.990 on the mesial side of the MC implant (95% CI: 0.980–0.995); 0.980 (95% CI: 

0.962–0.990) on the distal side of the MC implant; 0.979 on the mesial side of the LC implant 

(95% CI: 0.959–0.989); and 0.988 on the distal side of the LC implant (95% CI: 0.978–0.994), 

respectively. 

Group A (MC) consisted of 17 implants with a mean crestal bone change of -0.6 ± 0.5 mm 

(Min -1.8, Mdn -0.6, Max 0.4) and Group B (MC) consisted of 20 implants with a mean 

crestal bone change of -0.2 ± 0.4 mm (Min -1.0, Mdn -0.2, Max 0.37). Group A (LC) consisted 



of 15 implants with a mean crestal bone change of -0.1 ± 0.5 mm (Min -1.4, Mdn -0.02, Max 

0.7) and Group B (LC) consisted of 22 implants with a mean crestal bone change of -0.2 ± 0.4 

mm (Min -1.1, Mdn -0.2, Max 0.55).

 

A paired-samples t-test for group A (MC) and group B (MC) (t [16] = -3.5; P = .003) showed a 

statistically significant difference (P < .05) when the initial mucosal thickness is greater than 

2.0 mm within the MC implants. A paired-samples t-test for group A (LC) and group B (LC) 

(t [15]  = 0.664; P = .518) showed no statistically significant difference (P > .05) when the 

initial mucosal thickness is greater than 2.0 mm within LC implants. For groups A (MC) and 

A (LC), the t-test (t [14]  = -2.779; P = .015) did show a statistically significant difference (P < 

.05) between LC and MC implants when the initial mucosal thickness was less than 2.0 mm. 

However, the paired-samples t-test for groups B (MC) and B (LC) (t [19] = 0.768; P = .506) 

showed no statistically significant difference (P > .05) between LC and MC implants when 

the initial mucosal thickness was greater than 2.0 mm.

Discussion

The aim of our study was to evaluate crestal bone changes around bone and tissue level 

implants in relation to initial crestal flap tissue thickness. There are several techniques to 

measure mucosal thickness described in the literature. Schwarz et al. (2013) used a biomet-

ric scanner to assess mucosal thickness in peri-implantitis cases. In that study, more severe 

peri-implantitis was seen in patients with a thin mucosa (95% confidence interval [CI]: 0.23-

0.42 mm) when compared to those with thick peri-implant mucosa (95% CI: 0.82-1.09 mm). 

The most common technique for measuring initial mucosal thickness is a partial flap deflec-

tion and the use of a periodontal probe (Linkevičius et al. 2009a, Linkevičius et al. 2009b, 

Linkevičius et al. 2010, Linkevičius et al. 2013, Linkevičius et al. 2014, Linkevičius et al. 2015b, 

Terheyden et al. 2013). Crestal bone levels are difficult to measure. Histology could serve as 

the gold standard; however, this method is not applicable for living humans and functioning 

implants. The current international literature indicates that parallel intra-oral x-rays are the 

most commonly used (Meijndert et al. 2004). The down side of this technique is the absence 

of 3-dimensional (3D) information. A cone-beam computed tomography (CBCT) scan could 

provide the desired 3D information on the crestal bone level; however, a study by Ritter et 

al. (2014) demonstrated that the measurement error on CBCT and intra-oral radiography 

show no statistical differences when compared to the histology of these implants in canines. 

Furthermore, the ‘as low as reasonably achievable’ (ALARA) principle is a contraindication 

for the use of CBCT to assess crestal bone levels.
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Within its limitations, our study showed a statistically significant difference in crestal bone 

change after 1 year of loading when initial mucosal thickness was less than 2 mm in MC or 

bone level implants (P < .05). There was, however, no statistically significant difference if the 

initial mucosal thickness was less than 2 mm in LC or tissue level implants (P > .05). This is 

in accordance with the current literature. A study (Linkevičius et al. 2014) showed similar 

results. In their study, 80 bone level implants were placed in 80 patients. The patients were 

separated into 2 groups containing 40 bone level implants each. The implants in group 1 (≤ 

2 mm of initial soft-tissue thickness) showed 1.17 mm of bone loss after 1 year of loading, 

and those in group 2 (> 2 mm of initial soft-tissue thickness) showed 0.21 mm of bone loss 

after 1 year of loading. The differences between both groups were statistically significant (P 

< .001), and they concluded that platform switching does not prevent crestal bone loss if 

the initial mucosal thickness is thin at the time of implantation. The implants in our study, 

however, have a butt-joint connection and thus lack the possibility to platform-switch, which 

could have influenced the results.

 In our study, there was no statistical difference in the use of tissue level implants when the 

initial mucosal thickness was 2 mm or less, meaning that the implant-abutment interface was 

2.5 mm away from the crest. This could be explained by the fact that the microgap was away 

from the bone, and thus the biologic width was more easily retained. A study conducted on 

this topic (Vervaeke et al. 2014) examined 79 edentulous patients with non-splinted, early 

loaded, bone level implants after 1 and 2 years of loading. As the initial soft-tissue thickness 

was not the main goal for their study, they divided these patient into 4 groups depending 

on the abutment height used on the implants: < 2 mm, 2 mm, and 3 mm represented the 

test groups; abutments higher than 4 mm represented the control group. The bone level 

changes were set to 0 in the control group, and they noted a crestal bone loss of 1.23 mm, 

1.03 mm, and 0.41 mm for the < 2 mm, 2 mm, and 3 mm groups, respectively. This yielded 

a statistically significant difference between all groups when compared to the control group 

(P < .01), and Vervaeke et al. suggested that the re-establishment of biologic width may con-

tribute to these findings, and advised deeper implant placement when the gingival thickness 

was thin, as well as including information about the initial soft-tissue thickness.

In a canine model (Caram, et al. 2014) 6 experimental implant-abutment interface designs 

and their effect on crestal bone level changes were studied. They created implant-abutment 

interface configurations with different distances to the bone crest in the vertical and the 

horizontal plane. All implants were placed with their rough-smooth border at 1-mm sub-



crestal: 2 had a straight design with either a microgap (straight abutment) or without a 

microgap (one piece); 1, a straight but mismatched abutment diameter according to the 

platform-switching concept; 3, a concave profile in the abutment to accommodate a thicker 

soft tissue collar around the abutment; 1, a matching diameter; 1, a mismatch (platform 

switch); and 1, without a microgap (one piece). In this way, they combined both different 

distances from the microgap to the bone, the absence of a microgap, and a different abut-

ment profile in their study of the effect on crestal bone level changes. Standardized radio-

graphs were taken at baseline, and at monthly intervals from 3 to 9 months after implant 

placement. They concluded that the most stable crestal bone levels were seen in implants 

with no microgap. Furthermore, there were no significant findings amongst the groups with 

mismatching or matching abutment diameters, or with concave abutment profiles. No infor-

mation, however, was provided on the initial mucosal thickness in these canines.

Ikeda et al. described other factors and mechanisms involved in the resorption and for-

mation of bone (Ikeda & Takeshita 2014). According to manufacturer’s guidelines, the MC 

implants with a 0.5-mm minimized smooth collar in our study should be placed below the 

bony crest. In numerous cases, this resulted in having to remove bone during surgery to flat-

ten the bony crest at the MC position. Removal of this cortical bone activates the cascade 

involving bone formation and resorption (bone remodeling); this could have contributed to 

differences between the bone and the tissue level implants. Another effect of this smooth 

collar beneath the bony crest could explain the negative difference in crestal bone change 

in the MC (bone level implants) in our study. The removal of bone and the placement of the 

smooth collar beneath the bony crest could have influenced the bone level. These events, 

however, were evenly distributed amongst the 2 mucosal thickness groups, indicating that 

the effect could be minimized through a thicker soft tissue at implant placement, as all 0.5-

mm smooth collars are placed below the bony crest. 

Conclusion

If the initial mucosal thickness surrounding bone level implants is more than 2 mm, there 

is statistically significant less crestal bone change when compared to bone level implants 

placed in initial mucosal thicknesses of 2 mm or less. This difference was not statistically 

significant when tissue level implants were used or when the implant-abutment connec-

tion was 2.5 mm above the crestal bone level, indicating that when treating patients with 

initial mucosal thicknesses of 2 mm or less, choosing a tissue level implant with the implant-

abutment connection 2.5 mm above the crestal bone level could prevent crestal bone loss.
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