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 ที่มาและความสาํคัญ  การเกิดเหงือกร่นรอบรากเทียมมีความสําคญัย่ิงตอ่ความสวยงามโดยเฉพาะ

บริเวณฟันหน้า การศกึษานีมี้วตัถปุระสงค์เพ่ือศกึษาถงึปัจจยัตา่งๆท่ีมีผลตอ่การร่นของขอบเหงือกด้านใบหน้า 

และการร่นของเหงือกสามเหล่ียมระหวา่งฟัน บริเวณรากเทียมฟันหน้าบน 

วัสดุและวธีิการ   ทําการศกึษาในฟันรากเทียมแบบหนึง่ซ่ีจํานวนทัง้สิน้ 40 ตวั โดยประเมินถงึปัจจยั

ท่ีคาดวา่น่าจะมีผลตอ่การเกิดเหงือกร่นรอบรากเทียม ซึง่ได้จากการเก็บข้อมลูทางคลนิิก แบบจําลองศกึษา 

ภาพถ่ายรังสีรอบปลายราก และภาพถ่ายรังสีสว่นตดัอาศยัคอมพิวเตอร์ (computerized tomograms) และทํา

การวเิคราะห์เชิงสถิติโดยการทดสอบ Fisher’s exact การวเิคราะห์ความแปรปรวน และการวเิคราะห์การ

ถดถอยโลจิสติกแบบตวัแปรทวิ เพ่ือทราบถงึอิทธิพลของแตล่ะตวัแปรตอ่การมีเหงือกร่นรอบรากเทียม 

ผลการศกึษา รากเทียมสว่นใหญ่คิดเป็น ร้อยละ 75 ของรากเทียมท่ีพบในกลุม่ตวัอยา่งได้รับการฝัง

ในตําแหน่งฟันตดับนซ่ีกลาง คา่เฉล่ียของระยะการร่นของขอบเหงือกด้านใบหน้ามีคา่เทา่กบั 0.5 ± 0.9 

มิลลเิมตร และพบวา่ร้อยละ 89.2 ของกลุม่ตวัอยา่งมีเหงือกสามเหล่ียมระหวา่งฟันเติมเตม็ช่องวา่งระหวา่งฟัน

มากกวา่คร่ึงหนึง่ของความสงูของช่องวา่งดงักลา่ว หลายปัจจยัสง่อิทธิพลตอ่การเพิ่มความเส่ียงในการเกิดขอบ

เหงือกร่นทางด้านใบหน้าอยา่งมีนยัสําคญัทางสถิติ ซึง่ได้แก่ การมีเนือ้เย่ือเหงือกชนิดบาง (thin biotype) มมุใน

การฝังรากเทียมท่ีแคบลง ระดบัของสนักระดกูเบ้าฟันด้านใบหน้าท่ีมากขึน้ ระยะจากจดุสมัผสั (contact point) 

ถงึสนักระดกูระหวา่งฟัน สว่นแทน่ของรากเทียม (implant platform) และจดุแรกท่ีรากเทียมสมัผสักบักระดกูเบ้า

ฟัน (implant bone) ท่ีเพิ่มมากขึน้ โดยท่ีการมีเนือ้เย่ือเหงือกชนิดบางนัน้เป็นปัจจยัท่ีสง่ผลมากท่ีสดุตอ่การร่น

ของขอบเหงือกด้านใบหน้า ในขณะท่ีความเส่ียงในการเกิดการร่นของเหงือกสามเหล่ียมระหวา่งฟันได้รับ

อทิธิพลจากเพียงปัจจยัเดียว คือ ระยะจากจดุสมัผสัถงึสนักระดกูระหวา่งฟัน 

สรุป  ปัจจยัหลกัท่ีมีผลตอ่การร่นของเหงือกสามเหล่ียมระหวา่งฟันบริเวณรากเทียม คือ ระดบัความ

สงูของสนักระดกูระหวา่งฟันของฟันธรรมชาติข้างเคียง ในขณะท่ีการร่นของขอบเหงือกด้านใบหน้านัน้ได้รับ

อิทธิพลจากหลากหลายปัจจยั ซึง่ได้แก่ ชนิดของเนือ้เย่ือเหงือกรอบรากเทียม (peri-implant biotype) ระดบัของ

สนักระดกูเบ้าฟันด้านใบหน้า    มมุในการฝังรากเทียม ระดบัความสงูของสนักระดกูระหวา่งฟัน ระดบัความลกึ

ในการฝังรากเทียม และตําแหนง่ท่ีรากเทียมสมัผสักบักระดกูเบ้าฟัน การศกึษาตามแผนแบบติดตามผลไป

ข้างหน้าในระยะยาวเพิ่มเติม จะสามารถให้ข้อมลูเก่ียวกบัปัจจยัตา่งๆเหลา่นีใ้นแง่ของการเป็นปัจจยัเส่ียงของ

การเกิดเหงือกร่นรอบรากเทียมได้ดีย่ิงขึน้ 
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 Background:  Peri-implant soft tissue recession is a major esthetic concern for the 

anterior implants.  The aim of this study was to determine factors that affected the facial marginal 

recession and papillary recession around single-tooth implants in the anterior maxilla.   

Methods: Forty single-tooth implants in the anterior maxilla were studied.  Variables 

possibly associated with soft tissue recession were obtained from clinical measurements, study 

models, peri-apical radiographs, and computerized tomograms. The Fisher’s exact test, analysis 

of variance, and binary logistic regression analysis were used to determine the influence of each 

factor on facial marginal recession and papillary recession.  

Results:  The majority of the implants (75%) replaced the upper central incisors.  The 

mean facial marginal recession was 0.5 ± 0.9 mm.  Eighty-nine percents of the implants had more 

than half of papilla fill.  Facial marginal recession was influenced by many factors.  Increased risk 

of facial marginal recession was significantly associated with thin peri-implant biotype, proclined 

implant fixture angle, more apical level of facial bone crest, increased distance from contact point 

to bone crest, contact point to platform, and contact point to implant bone.  Thin biotype was the 

most significant factor in determining the presence of facial marginal recession.  Increased 

distance from contact point to bone crest was the only factor significantly associated with 

increased risk for papillary recession.   

Conclusions:  Papillary recession around single-tooth implants in the anterior maxilla 

was mainly influenced by the interproximal bone crest level of the adjacent tooth.  Facial marginal 

recession, on the other hand, was affected by multiple factors including, the peri-implant biotype, 

the facial bone crest level, the implant fixture angle, the interproximal bone crest level, the depth 

of implant platform, and the level of first bone to implant contact.   
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CHAPTER I 

INTRODUCTION 

 

Background and significance 

 

Dental implants have become a standard of care for tooth replacement.  Long 

term studies demonstrated high survival rate and success rate of dental implants.   

For anterior maxillary implants, besides the functional predictability, esthetic becomes 

an important success criteria.  Together with the esthetic demand of patients and the 

complexity of the pre-existing anatomy after tooth extraction, the predictable and 

esthetic acceptable treatment plan becomes essential for the clinicians.  Successful 

implant esthetics required high quality implant restorations as well as gingival 

architecture that harmonized with the adjacent natural teeth. 

 

The harmonization of gingival margin along with intact papillae is the major 

concern for dental implant restoration in esthetic zone.  A mean marginal recession of 

0.6-1.5 mm around dental implants has been reported (Cardaropoli et al., 2006; Kan et 

al., 2003a; Oates et al., 2002; Small and Tarnow, 2000).  The majority of recession (80%) 

occurred on the buccal aspect with the mean recession of 0.88 mm and more 

pronounced in maxillary teeth especially during the first 3 months following abutment 
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connection surgery (Small and Tarnow, 2000).  Furthermore, while the lingual site of the 

mandible showed the most recession at 6 months which remained stable up to 2 years, 

the facial site of maxilla showed significantly increased recession between 6 months to  

2 years (Bengazi et al., 1996).   

 

Peri-implant soft tissue recession, a serious esthetic complication, could be 

influenced by various factors.  The most important factor that determines the soft tissue 

profile is the underlying alveolar bone.  Unfortunately, bone resorption is a common 

sequela after tooth loss.  This undesirable process was affected by the remodeling of 

alveolar bone which is critical in the first 3-6 months post-extraction, as well as the 

surgical trauma at the time of implant surgery (Botticelli et al., 2004; Cardaropoli et al., 

2006).   Previous study showed that the mean facial recession seemed to correspond 

with the amount of bone remodeling after abutment connection surgery (Cardaropoli et 

al., 2006).  Likewise, a close relationship between the presence or absence of the 

interproximal papilla and the height of interproximal crest has been reported in many 

studies.  In natural tooth, Tarnow et al. found that increasing the distance from contact 

point to proximal bone crest will significantly increase a chance of papillary recession 

(Tarnow et al., 1992).  For single tooth implants, similar trends were also observed 

(Choquet et al., 2001; Gastaldo et al., 2004; Lops et al., 2008; Palmer et al., 2007; Ryser 
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et al., 2005).  However, few studies provided proper statistical analyses of these 

relationships.   

 

Soft tissue recession appeared to be an unavoidable consequence after tooth 

loss and implant surgery.  To preserve the restricted amount of hard and soft tissue, the 

precise position of implant is particularly necessary.  In bucco-lingual position, 2-mm of 

facial bone thickness was recommended to be left after implant placement to avoid 

future recession (Spray et al., 2000).  Three times more recession was also observed 

when implants shoulder positioned at or buccal to a reference line drawn between the 

cervical margins of adjacent teeth (Evans and Chen, 2008).  Therefore, the thickness of 

facial bone is critical to prevent future bone dehiscence and marginal recession.   

 

The apico-coronal position or depth of implant placement may also be important 

in determining the stability of the peri-implant mucosa.  More apical location of implants 

may result in thicker soft tissue height and deeper probing depth which serves as a 

reservoir for periodontal pathogens (Mombelli et al., 1987).  Presence of these 

pathogens may lead to an increase risk of peri-implant bone resorption and mucosal 

recession.  Another factor that may affect the soft tissue recession around implants is 

the implant angulation.  An attempt to place an implant in sites with limited amount of 

alveolar bone may lead to improper axial angulation of implant.  Too procline implant 
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position may lead to facial bone loss and future recession.  At present, this relationship 

has not been explored.  

 

Mesio-distal positioning of implants has been shown to influence the height of 

interproximal bone crest and papillae (Buser et al., 2004).  To maintain the interproximal 

bone peak and papillae, the horizontal distance of 1.5-4.0 mm between the implant 

platform and adjacent teeth was suggested (Gastaldo et al., 2004; Grunder et al., 2005; 

Lops et al., 2008).  However, some studies did not find the relationship between the 

presence of papillae and this horizontal distance (Palmer et al., 2007; Ryser et al., 

2005).  Therefore, the significance of the inter implant-tooth distance and the papillary 

recession is still controversial. 

 

Besides the implant position, other factors including gingival biotype and facial 

bone crest has been suggested to influence the peri-implant soft tissue recession (Kois, 

2001; Zetu and Wang, 2005).  The gingival biotype was related to the tooth shape and 

the underlying bone thickness.  A thick gingival biotype was frequently associated with 

square-shape tooth morphology and thicker underlying bone.  In contrast, a thin gingival 

biotype was commonly associated with triangular-shape tooth morphology and thinner 

underlying bone.  A thin biotype appeared to be more prone to recession in response to 

trauma and bacteria than a thick biotype.  Facial bone crest is the bone the supported 



5 
 

the facial gingiva.  Studies on the facial bone crest level around dental implants were 

limited.  Kan et al. determined the facial crest level around anterior maxillary implants by 

bone sounding.  They found that the average facial crest level was 3.6 ± 0.9 mm from 

the gingival margin.  However, the relationship between the facial crest level and facial 

marginal recession has not been verified. 

 

A number of factors appeared to influence the presence of soft tissue recession 

around dental implants.  While some factors were well-studied, many factors were still 

controversial or have not been explored.  The aim of this retrospective study was to 

broadly determine factors that may influence the facial marginal recession as well as 

papillary recession around single-tooth implant in the anterior maxilla.   

 

Objective 

To determine factors that affected soft tissue recession around anterior maxillary 

single-tooth implants. 

 

Hypothesis  

Soft tissue recession around single-tooth anterior maxillary implants was affected 

by peri-implant bone level, implant position, and soft tissue biotype. 
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Field of Research 

 This is a clinical study with the cross-sectional analytical study design.   

 

Limitation of Research  

 Due to the cross-sectional nature of the study, only the association between 

different factors and soft tissue recession can be drawn.  However, this information will 

be useful for further evaluation in prospective study design.   

 

Application and Expectation of Research 

This study was the first to determine the influence of facial bone crest level and 

the implant angulation on peri-implant soft tissue recession.  In addition, other factors 

possibly affected peri-implant soft tissue recession as reported in the literature review 

were further evaluated.  This will give useful information to understand the possible 

causes and nature of soft tissue recession around anterior maxillary implants. 

 

 

 

 

 

 



CHAPTER II 

LITERATURE REVIEW 

 

Dental implants have become a standard of care for tooth replacement.   

Long term studies demonstrated high survival rate and success rate of dental implants.  

A systematic review that included prospective longitudinal studies with follow-up periods 

of at least 5 years showed that the survival rate for various types of implant restorations 

ranged from 91-97% whereas the success rate, as determined by the loss of crestal 

bone less than 2.5 mm, ranged from 86-96% (Berglundh et al., 2002).  While tooth 

replacement with dental implants is predictable in term of function, achieving successful 

implant esthetics, especially in the anterior maxilla, is challenging.  Besides the 

objective criteria judged by the clinician, the patient-based treatment outcome became 

the most important justified criteria of success (Zarb and Albrektsson, 1998).  

Successful implant esthetics required high quality implant restorations as well as 

gingival architecture that harmonized with the adjacent natural teeth.  

 

Peri-implant soft tissue recession is a major implant esthetic complication.      

The most important factor that determines the soft tissue height is the underlying 

alveolar bone.  In 1986, Oschenbein described the normal osseous contour as “positive 

architecture”  which referred to the condition that the osseous crest has a scallop 
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contour that followed the outline of the cemento-enamel junction, and the position of the 

interproximal bone is more coronal than the radicular bone (Oschenbein, 1986).   

This osseous contour provided that foundation for the overlying gingiva and mucosa.  

Unfortunately, bone resorption is a common sequela after tooth loss.  Approximately 

50% reduction of the facial-lingual dimension and slight loss of the vertical height     

(0.2-0.6 mm) of the alveolar ridge has been reported (Botticelli et al., 2004).  The major 

part of this remodeling took place during the first 3-6 months following tooth extraction.  

Surgical trauma at time of implant surgery also caused additional bone loss. Cardaropoli 

et al. determined changes of bone dimension following single tooth implant surgery in 

the maxillary region.  They showed a mean loss of 0.7-1.3 mm of bone height at the 

facial and lingual aspect of the implant and a reduction of 0.4 mm of the labial bone 

thickness between the time of implant placement and abutment connection surgery.  

This bone remodeling corresponds with the mean labial recession of 0.6 mm 

(Cardaropoli et al., 2006).  Therefore, soft tissue recession appeared to be an 

unavoidable consequence after tooth loss and implant surgery.  

 

Facial marginal recession 

 

Marginal mucosal recession is common esthetic complications.  A mean 

marginal recession of 0.6-1.5 mm around dental implants have been reported 
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(Cardaropoli et al., 2006; Kan et al., 2003a; Oates et al., 2002; Small and Tarnow, 2000).  

Small and Tarnow measured the changes in soft tissue level over 1 year.  The study 

included 65 implants in 11 patients that required full arch, partial arch and single tooth 

replacement.  They found that soft tissue recession occurred in most of the implant 

restorations during the first 3 months following abutment connection surgery.               

The majority of recession (80%) occurred on the buccal aspect with the mean recession 

of 0.88 mm and more pronounced in maxillary teeth (Small and Tarnow, 2000).  Bengazi 

et al. performed a 2-year longitudinal study to evaluate changes in the soft tissue 

margin.  Approximately half of the implants were placed in edentulous jaws.  They found 

that the mucosal recession mainly took place during the first six months.  Anterior 

implants showed higher recession than posterior implants.  The lingual site of the 

mandible showed the most recession at 6 months which remained stable up to 2 years.  

In contrast, the facial site of maxilla showed significantly increased recession between   

6 months to 2 years.  In addition, sites with a non-keratinized mucosa showed higher 

recession than sites with keratinized mucosa (Bengazi et al., 1996).  Oates et al. studied 

the mucosal recession in maxillary and mandibular anterior implants over 2 years.   

They found the mean recession of 0.6 mm with 60% of the implants showed recession  

1 mm or more (Oates et al., 2002).  Jemt et al. retrospectively examined the study casts 

of 23 patients who received single implant restorations in the anterior maxilla for an 

average of 15 years.  They found that the implant clinical crowns were an average  
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0.6 ± 1.04 mm longer than the contralateral teeth.  Seventeen percent of the implant 

crowns showed recession ≥1 mm.  In addition, the teeth adjacent to single implant 

restoration presented a higher recession than teeth in the untreated area (Jemt et al., 

2006).   

 

In natural tooth, the bone crest level is a critical determinant for marginal gingival 

recession.  Kan et al. determined the bone crest level in 45 maxillary anterior single 

implant crowns by bone sounding.  The average depth of bone at midfacial was          

3.6 ± 0.9 mm.  This dimension was greater in the thick biotype (3.8 ± 0.9 mm) than the 

thin biotype (3.4 ± 0.9 mm) (Kan et al., 2003b).  This mean facial dimension of the peri-

implant mucosa was slightly greater than the histologic dimensions of the dentogingival 

complex of the natural tooth as reported by Gargiulo et al. (2.73 mm) (Gargiulo et al., 

1961).  However, it is comparable to the histometric dimensions reported for dental 

implants (Berglundh and Lindhe, 1996).  Although the facial bone crest level in relation 

to the mucosal margin was known, the information on the relationship between the bone 

crest level and the marginal recession around dental implants is lacking.  This may be 

due to the difficulty in determining the facial bone crest level non-invasively.   

 

Facial bone thickness is critical to prevent future bone dehiscence and marginal 

recession.  Facial bone thickness is related to the bucco-lingual position of the tooth.  
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Teeth positioned too far facially often resulted in thin facial bone and were more prone to 

marginal recession.  In contrast, teeth positioned too far lingually resulted in thick facial 

bone and more coronal gingval margin (Andlin-Sobocki and Bodin, 1993).  Similar 

findings were also observed in dental implants.  Evan and Chen found that the bucco-

lingual position of the implant shoulder was a highly significant factor in determining 

buccal marginal tissue recession.  Implants with a shoulder positioned at or buccal to    

a line drawn between the cervical margins of adjacent teeth demonstrated three times 

more recession than implants with a shoulder positioned lingual to this line (1.8 mm vs 

0.6 mm) (Evans and Chen, 2008).  Spray measured the change of facial crestal bone 

height between implant insertion and uncovering.  They observed a mean vertical bone 

loss of 0.7 mm at time of uncovering.  The facial vertical resorption was more 

pronounced when the facial bone thickness was decreased.  As the facial bone 

thickness approached 1.8 mm, vertical bone loss decreased significantly.  Therefore, 

they proposed that a 2-mm of facial bone thickness should be left after implant 

placement to avoid future recession (Spray et al., 2000).   

 

Although it has been suggested that facial bone crest level and thickness was 

important factors that influenced marginal recession around dental implants, no direct 

relationships were demonstrated.  Limited studies on this aspect were possibly due to 

the difficulty to obtain measurements of facial bone crest level and thickness non-
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invasively.  The level and thickness of facial bone crest can be determined clinically by 

surgical exposure or bone sounding.  Surgical exposure provided accurate 

measurements but can only perform in conjunction with the implant surgery.   

The surgical measurement was not possible following implant restorations.  Bone 

sounding is an alternative to surgical exposure.  With local anesthesia, bone sounding 

can be used to measure the bone crest level after implant restorations.  However, the 

contour of the restorations may hinder the accurate measurement.  The computerized 

tomography provides three-dimension information of hard tissues.  Therefore, it can be  

a useful tool to allow non-invasive measurements of facial bone crest level and 

thickness. 

 

The apico-coronal position or depth of implant placement may also be important 

in determining the stability of the peri-implant mucosa.  More apical location of implants 

may result in thicker soft tissue height and deeper probing depth.  It was well 

documented that periodontal pathogens such as Porphyromonas gingivalis were 

frequently found at peri-implant sites with deep probing depth (Mombelli et al., 1987).  

Presence of these pathogens may lead to an increase risk of peri-implant bone 

resorption and mucosal recession.  In addition, unnecessary bone loss frequently 

occurred with the implant positioned too far apically.  The effect of saucerization 
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appeared to play this role (Buser et al., 2004; Hartman and Cochran, 2004; Hermann et 

al., 2000; Hermann et al., 1997). 

  

Persistent gingival inflammation from bacterial plaque is another cause of  

peri-implant bone loss and soft tissue recession.  Fransson et al. showed that implants 

having progressive bone loss had many clinical signs of peri-implant soft tissue 

inflammation, including high mean plaque score, suppuration on probing, bleeding on 

probing, and probing pocket depth ≥6 mm.  In addition, they reported a significant 

association between soft tissue recession and progressive bone loss with an odds ratio 

of 4.6 (95% CI = 2.9-7.3) (Fransson et al., 2008).  On the other hand, the successful 

implant with healthy peri-implant soft tissue can be obtained by providing an adequate 

oral hygiene (Adell et al., 1981).  Throughout the 3-year observation period, Johnson 

and Persson showed that stable probing depth and bone height around dental implants 

as well as the high survival rate of 98.7% can be obtained from the patients who 

achieved the high standard of oral hygiene (Johnson and Persson, 2000).  
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Interproximal papillary recession 

 

The interproximal recession has been a focus of attention in many studies.   

In natural teeth, the height of interdental papilla appeared to be influenced by the 

location of the contact point of the tooth and the level of proximal bone crest.   

Tarnow et al. found that when the distance from the contact point to the proximal bone 

crest was ≤5 mm, the papilla was present 98% of the times, while at 6 mm it dropped to 

56%, and at 7 mm it was present only 27% of the times (Tarnow et al., 1992).  For single 

tooth implants, similar trends were observed (Choquet et al., 2001; Gastaldo et al., 2004; 

Lops et al., 2008).  However, for two adjacent implants, the chance for the presence of 

interproximal papilla was significantly diminished as the mean height of papillary tissue 

was only 3.4 mm (Tarnow et al., 2003).  Therefore, the clinician should proceed with 

caution when placing two adjacent implants in the esthetic zone.  Mesio-distal 

positioning of implants also has shown to influence the height of interproximal bone 

crest and papilla (Buser et al., 2004).  Tarnow et al. found that when the distance 

between 2-adjacent implant platforms was greater than 3 mm, less crestal bone loss 

was observed compared to those with ≤3 mm distance (Tarnow et al., 2000).  Similarly, 

the chance of papillary recession seemed to be increased when the inter implant-tooth 

distance was decreased (Gastaldo et al., 2004; Lops et al., 2008; Romeo et al., 2008).  

Lops et al. found the significant relationship between the presence of the interproximal 
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papilla and the inter implant-tooth distance.  With the distance of 3-4 mm, the 

interproximal papilla was present 84.2% of the time (Lops et al., 2008).  In contrast, 

Ryser et al. found no correlation between the horizontal distance from the implant 

junction to the CEJ of the adjacent tooth and the Jemt’s papilla score (Ryser et al., 

2005).  In addition, Palmer et al. also demonstrated that the inter implant-tooth distance 

had no impact on the interproximal papilla (Palmer et al., 2007).  Therefore, the 

relationship between the implant-tooth distance and the papillary recession was still 

controversial.  

 

Other factors besides the bone level may also be involved in the presence and 

absence of the interproximal papilla.  Tooth morphology has been shown to influence 

the location of the contact point and the dimension of interproximal space (Kois, 2001; 

Zetu and Wang, 2005).   The tooth with triangular shape has a more coronal contact 

point and a larger interproximal dimension whereas the tooth with square shape has  

a more apical contact point and a smaller interproximal dimension.  Therefore, the 

complete fill of interproximal papilla may be more difficult to achieve in the triangular-

shape tooth than the square-shape tooth.  The gingival biotype was also related to the 

tooth morphology and the bone thickness.  The gingival biotype was divided into a thick 

and a thin biotype.  A thick gingival biotype was frequently associated with square-

shape tooth morphology and thicker underlying bone.  This type of tissue was more 
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resistant to recession and often resulted in pocket formation in the presence of the 

bacteria insult.  In contrast, a thin gingival biotype was frequently associated with 

triangular-shape tooth morphology and thinner underlying bone.  This type of tissue was 

more prone to recession in response to trauma and bacterial plaque.   

 

Patient satisfaction on anterior maxillary implants 

 

The patient’s esthetic satisfaction is an important criterion for implant success in 

esthetic zone.  However, few studies have addressed this aspect when evaluating the 

implant success outcome.  Implant esthetics can be rated in a subjective and  

an objective manner.  In the subjective method, questionnaires are commonly used 

(Chang et al., 1999a; Chang et al., 1999b; De Rouck et al., 2008; Levi et al., 2003; 

Moberg et al., 1999; Palmer et al., 2007; Vermylen et al., 2003; Wannfors and 

Smedberg, 1999).  The judgment of favorable implant esthetics appeared to be different 

between patients and clinicians.  Patients were more likely to give higher satisfaction 

scores than clinicians (Chang et al., 1999a; den Hartog et al., 2008; Gibbard and Zarb, 

2002; Palmer et al., 2007).  Chang et al. compared patients’ and prosthodontists’ 

judgment of esthetic outcome of maxillary anterior single-tooth implant restorations.  

They found that the clinician’s satisfaction was influenced by multiple factors, including 

surrounding soft tissue appearance, crown form, contact point position, and crown 



17 

 

color.  In contrast, no single factor was found to significantly influence the patient’s 

satisfaction (Chang et al., 1999a).  Besides the esthetic standpoint, the dental implant 

therapy has been shown to improve the patient’s quality of life (Cibirka et al., 1997).  

Therefore, lifestyle-related factors, such as comfort when chewing or biting, speaking, 

confidence when smiling, and cost, may also be of concern for the patient to justify the 

outcome of therapy.   

 

In conclusion, successful anterior maxillary implants require not only the 

functional predictability, but also the optimal esthetic satisfaction met by both clinicians 

and patients.  The harmonization of gingival margin along with intact papillae is the 

major concern for dental implant restoration in the esthetic zone.  Thorough 

understanding of factors that influence the peri-implant soft tissue recession is 

necessary for clinicians to prevent this undesirable complication and to enhance the 

long-term stability of the peri-implant mucosa.  

 

 

 

 

 



CHAPTER III 

MATERIALS AND METHODS 

 

Study samples 

 

The study protocol was approved by the ethic committee of the Faculty of 

Dentistry, Chulalongkorn University.  Informed consent was obtained from all subjects.  

The list of patients who received dental implant treatment at the Faculty of Dentistry, 

Chulalongkorn University between the year 1999-2008 was reviewed.  The patients who 

met the following criteria were invited to participate in the study: 1) had a single-tooth 

implant in the anterior maxilla; 2) had a natural contralateral tooth; and 3) the implant 

was restored and in function for at least 6 months.  Forty patients agreed to participate 

in the study and 40 single-tooth implants were included for analysis.   

 

Clinical measurements 

 

 The following clinical parameters of an implant and the contralateral tooth were 

examined and recorded: 1) probing depth (PD), recorded in millimeters with a UNC-15 

periodontal probe at mid-facial and proximal sites; 2) soft tissue biotype, categorized 

into thick or thin biotype.  A periodontal probe was placed into the facial aspect of the 
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gingiva.  The biotype was categorized as thin if the outline of the probe can be seen 

through the gingiva, and as thick if the outline of the probe cannot be seen (Kan et al., 

2003); and 3) dental plaque, recorded as presence or absence of dental plaque on the 

facial aspect of the implant.  

 

Radiographic measurements 

 

Periapical radiographs were taken with the parallel technique using film holders 

(Rinn XCP, Dentsply, IL, USA) and sized 2, D speed films (Ultra-speed, Kodak, USA).  

Prior to the exposure, a 0.25 mm orthodontic wire was placed apical to each contact 

point and tightened to demarcate the position of the contact point on the radiograph.  

The films were developed using an automated processor (Dent-X Excel, NY, USA) under 

controlled condition recommended by the manufacturer.  The radiographs were 

digitized at a resolution of 1,000 dpi, stored as TIFF-format, and examined using 

commercially available software (Adobe Photoshop CS3 extended version 10.0, Adobe 

System Inc., USA).  The following parameters were measured from the digitized images: 

1) the distance from the contact point to the interproximal bone crest of the adjacent 

tooth (CP-BC); 2) the distance from the contact point to the implant platform (CP-P);  

3) the distance from the contact point to the first bone to implant contact (CP-IB); and  
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4) the distance between the implant and adjacent tooth at the platform level (ITD).  

Vertical measurements were made parallel to the long axis of the implant fixture whereas 

horizontal measurements were made perpendicular to the long axis of the fixture (Fig.1).  

The measurements were made in pixels and converted to millimeters by calibrating with 

a known length. 

 

 

Figure 1.  Periapical radiograph showing the reference points and measured distances.          

CP-contact point; BC-bone crest, P-implant platform, IB- implant bone, ITD-inter implant-

tooth distance.  
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Computerized tomograms (CT) were acquired using a dental CT unit 

(CBMercuRay, Hitachi, Japan) with I-mode (implant mode providing 10 cm diameter 

field of view (FOV) and 0.2 mm image resolution) and standard parameters (120 kVp,  

15 mA, 9 sec).  The patients were positioned with the occlusal plane parallel to the floor.  

Image reconstruction was performed corresponding to axis of the implant as adjusted 

axial plane and cross-sectional view (Fig.2a, b).  

 

 

 

      

 

 

 

Figure 2. (a) 3-continuous slices of the original cross-sectional view showed the plane 

that was not parallel to the implant long axis.  (b) 3-continuous slices of the adjusted 

cross-sectional view which demonstrated the correct axis of the implant fixture. 

 

a  

b     
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 Image analysis was performed using CBWork (version 2.12, Hitachi, Japan) and 

Image-J software (version 1.410, NIH, USA).  The following parameters were assessed: 

1) facial bone crest level; 2) facial bone crest thickness; 3) implant fixture angle; and 4) 

bucco-lingual implant position.  The facial bone crest level/ thickness and the implant 

fixture angle were measured from a selected cross-sectional slice of the middle of the 

implant fixture (Fig.3a).  The facial bone crest level was defined as the distance from the 

facial gingival margin to the facial bone crest.  The computerized tomography which 

allowed the detection of facial bone crest did not show the soft tissue margin.  

Therefore, the location of facial bone crest in reference to the gingival margin was 

determined indirectly.  First, the incisal edge was marked (A).  Then, the facial gingival 

margin was located (B).  The distance from A to B was equal to the clinical crown length 

measured from the study model.  The computer software displayed the distance 

between two points (A-B) as we located the gingival margin which facilitated the precise 

marking.  Once the gingival margin was determined, the distance from the facial 

gingival margin to the facial bone crest was measured (B-C).  The thickness of the facial 

bone was measured at 0.5 mm apical to the bone crest.  A profile line was drawn 0.5 

mm apical to the bone crest and perpendicular to the long axis of the implant fixture.  

The radiographic density along the profile line was displayed as a histogram profile 

(Fig.3b).  The bony outline of the facial crest was determined from the histogram and the 
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thickness of the facial bone crest was measured (x).  The implant fixture angle was 

measured in degree with reference to the occlusal plane.   

 

 

Figure 3. (a) Mid-facial cross-sectional CT slice showing the facial crest level (B-C), 

profile line (dash line), and implant fixture angle (θ). (b) Histogram profile showing the 

thickness of facial bone crest (x).  A = incisal edge; B = facial gingival margin; C = facial 

bone crest; A-B = clinical crown height; B-C = facial bone crest level.    
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The bucco-lingual position of the implant platform was determined in relation to 

the cervical contour of the adjacent teeth.  Two axial slices, one at the level of implant 

platform, another at the cervical level of the adjacent teeth, were selected (Fig.4a, b).  

Both slices were superimposed using commercially available software (Adobe 

Photoshop CS3 extended version 10.0, Adobe System Inc., USA).  A reference line 

connecting the mesio-buccal line angle and disto-buccal line angle of two adjacent 

crowns was drawn (Fig.4c).  The implant was considered buccal position when the 

buccal border of the platform was at or buccal to the reference line.  The implant was 

considered lingual position when the buccal border of the platform was lingual to this 

line.   
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Figure 4.  Determination of the bucco-lingual position of the implant using two axial CT 

slices.  (a) Axial CT slice at the implant platform level.  (b) Axial CT slice at the cervical 

level of the adjacent teeth.  (c) Superimposition of both slices.  A reference line 

connecting the mesio-buccal line angle and disto-buccal line angle of two adjacent 

crowns was drawn.  This implant was considered lingual position.  
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Presence of facial marginal recession 

 

The clinical crown height of an implant and the contralateral tooth were 

measured from the study model using the digimatic caliper (Mitutoyo, Japan) measured 

to the closet 0.1 mm.  Facial marginal recession was calculated by subtracting the 

clinical crown height of an implant from the contralateral tooth.  For binary logistic 

regression analysis, the marginal recession was considered “presence” if the clinical 

crown height of an implant was ≥1 mm longer than that of the contralateral tooth.   

The marginal recession was considered “absence” if the clinical crown height of  

an implant was <1 mm longer than that of the contralateral tooth.  

 

Presence of papillary recession 

 

Digital clinical photographs were used to evaluate papillary recession.             

The photographs were taken at a 1:1 magnification perpendicular to the buccal surface 

of the single-tooth implant crown, using a Nikon D80 digital camera with macro lens and 

ring flash.  The interproximal papilla was scored using an index described by Jemt 

(Jemt, 1997).  The score was rated as followed: score 0-no papilla was present;       

score 1-less than half of the papilla was present; score 2-half or more of papilla present; 

score 3- complete fill of papilla (Fig.5a-c).  A total of 74 papillae were available for 
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evaluation.  Six papillae without contact points were excluded.  For binary logistic 

regression analysis, the papillary recession was considered “presence” when the 

assigned Jemt score was 0 or 1 and “absence” when the assigned Jemt score was       

2 or 3. 

         

                                  

 

Figure 5. Determination of the papilla score using clinical photographs.  (a) The arrow 

showed Jemt’s papilla score 0.  (b) The arrow showed Jemt’s papilla score 1.  (c) The 

arrow and arrowhead demonstrated Jemt’s papilla score 2 and 3, respectively. 

 

 

 

 

a b 

c 
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Assessment of patient satisfaction 

 

A Thai-language questionnaire composed of 8 questions was used to assess the 

patient satisfaction using visual analog scale (VAS). The questions were categorized into 

2 groups, esthetic-related variables (4 questions) and lifestyle-related variables  

(4 questions).  For esthetic-related variables, the patients were asked about their 

satisfaction with harmonization of gingival margin, crown shape, crown color, and overall 

esthetic satisfaction.  For lifestyle-related variables, the patients were asked about their 

satisfaction with implants in term of confidence when smiling, comfort when chewing or 

biting, speaking well, and worth for the expense.  The patients were asked to mark their 

assessment on a 100-mm line having end phrases “not satisfied at all” on the left and 

“very satisfied” on the right.  The distance from the left end of the VAS to the mark made 

by the patient was measured to the nearest millimeter and reported as a percentage.  

The patients completed the questionnaire at the time of participation. 

 

 Statistical analysis 

 

Commercially available statistical software (SPSS version 14.0, SPSS Inc., USA) 

was used to analyze the data. The descriptive analysis of data was presented as 

frequency and mean ± standard deviation (S.D.).  The Fisher’s exact test was used to 
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analyze the association between two categorical data.  For continuous data, the analysis 

of variance (ANOVA) was utilized to compare means among different groups of 

variables.  Multiple comparisons were performed by Tukey’s test or Tamhane’s T2 test 

depending on the homogeneity of variance.  The influence of each independent variable 

on the presence of facial marginal recession and papillary recession was analyzed 

using binary logistic regression analysis.  The data were presented as the odds ratios 

(OR) with 95% confidence intervals (CI).  The association between the presence of 

marginal/ papillary recession and the VAS score assessed by patients was analyzed by 

independent sample T-test or Mann Whitney U test depended on the characteristic of 

the sample’s distribution.  Statistical differences with a p-value < 0.05 were considered 

significant. 

 

 

 

 

 



 
 

CHAPTER IV 

RESULTS 

 

A total of 40 patients with 40 single-tooth implants in the anterior maxilla were 

included in the study.  All implants were in functioned between 6-68 months  

(mean ± S.D.; 27.18 ± 15.3 months) after completed restoration.  The characteristics of 

the study group were shown in Table 1.  The mean age of the patients at time of implant 

placement was 45.2 ± 13.9 years.  The majority of implants (75%) were located at 

central incisors.  Presence of facial marginal recession (≥1 mm) was observed in 35% of 

the cases whereas papillary recession (Jemt score 0 and 1) was shown in 10.8% of the 

study samples.  Dental plaque was present in 67.5% of the subjects. There were 17.5% 

of subjects with thin peri-implant biotype and 20% with buccal position of the implant 

platform. 
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Table 1.  Characteristics of the study group. 

 N % 

Number of patients 40 100 

Number of implants 40 100 

Male/ Female 18/22 45/55 

Implant location 

  Central incisor 

  Lateral incisor 

  Canine 

 

30 

8 

2 

 

75 

20 

5 

Facial marginal recession 

   Presence/ Absence 

 

14/26 

 

35/65 

Papillary recession 

   Presence/ Absence 

 

8/66 

 

10.8/89.2 

Dental plaque 

   Presence/ Absence 

 

27/13 

 

67.5/32.5 

Peri-implant biotype 

   Thin/ Thick   

 

7/33  

 

17.5/82.5  

Implant position 

   Buccal/ Lingual 

 

8/32 

 

20/80 
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To identify factors that possibly affected the peri-implant mucosal recession, a 

number of parameters were measured and analyzed.  The mean ± S.D. and range of 

these measurements were presented in Table 2.   

 

Table 2.  Measurements used for analysis. 

Variables Mean ± S.D. Range 

Facial marginal recession (mm) 0.5 ± 0.9 -1.0 - 2.9 

Facial bone crest level (mm) 4.8 ± 3.2 1.8 - 13.7 

Facial bone crest thickness (mm) 1.2 ± 0.6 0.4 - 2.8 

Implant fixture angle (degree) 58.1 ± 7.9 39.6 -75.3 

Mid-facial probing depth (mm) 2.6 ± 1.0 1.0 - 7.0 

Proximal probing depth (mm) 3.3 ± 0.9   2.0 - 7.0 

Contact point to bone crest (CP-BC) (mm) 5.1 ± 1.1 2.9 - 9.0 

Contact point to platform (CP-P) (mm) 6.7 ± 1.8 3.3 - 10.6 

Contact point to implant bone (CP-IB) (mm) 8.8 ± 1.9 3.7 - 13.1 

Inter implant-tooth distance (ITD) (mm) 2.7 ± 1.1  0.4 - 5.2 
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The association between each variable and papilla index score was shown in 

Table 3 and 4.  Categorical variables including facial marginal recession, dental plaque, 

peri-implant biotype, and implant position were not significantly associated with the 

papilla score.  Among continuous variables, the distance between contact point to bone 

crest was the only factor significantly associated with the papilla score.  The contact 

point to bone crest distance of the papilla score of 0 was significantly greater than those 

of the papilla score of 2 and 3.  

 

Table 3.  The association between categorical variables and papilla index. 

Jemt index score 0 1 2 3 p-value† 

Number of papillae  3 5 39 27 - 

Facial marginal recession 

Presence/ Absence

               (%) 

  

 

2/1 

(66.7/ 33.3) 

 

2/3 

(40/60) 

 

12/27 

(30.8/69.2) 

 

9/18 

(33.3/66.7) 

0.66 

Dental plaque 

Presence/ Absence

            (%) 

  

 

1/2 

(33.3/66.7) 

 

2/3 

(40/60) 

 

25/14 

(64.1/35.9) 

 

21/6 

(77.8/22.2) 

0.17 

Peri-implant biotype 

Thin/ Thick 

            (%) 

 

2/1 

(66.7/33.3) 

 

1/4 

(20/80) 

 

6/33 

(15.4/84.6) 

 

4/23 

(14.8/85.2) 

0.18 

Implant position 

Buccal/ Lingual 

            (%) 

 

0/3 

(0/100) 

 

1/4 

(20/80) 

 

8/31 

(20.5/79.5) 

 

7/20 

(25.9/74.1) 

0.95 

† Fisher’s exact test 
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Table 4.  The association between continuous variables (mean ± S.D.) and papilla index.  

Jemt index score 0 1 2 3 

Proximal probing depth (mm) 2.7 ± 0.6 3.5 ± 0.4 3.4 ± 0.9 3.3 ± 1.1 

 

Contact point to bone crest (mm)

 

 † 

 

7.4 ± 1.7 

 

 

5.5 ±0.9 

 

 

5.1 ± 1.0 

 

 

4.7 ± 0.9 

 

Contact point to platform (mm) 7.8 ± 2.2 6.3 ± 0.9 7.0 ± 1.8 6.3 ± 1.8 

Contact point to implant bone (mm) 9.7 ± 3.3 9.0 ± 0.9 9.0 ± 1.8 8.3 ± 2.0 

Inter implant-tooth distance (mm) 1.8 ± 1.4 2.9 ± 1.2 2.9 ± 1.0 2.6 ± 1.0 

Facial crest level (mm) 3.1 ± 0.7 5.5 ± 4.0 4.1 ± 2.3 6.0 ± 4.0 

Facial crest thickness (mm) 1.4 ± 0.5 1.3 ± 0.8 1.2 ± 0.6 1.2 ± 0.6 

Implant fixture angle (degree) 58.3 ± 5.3 58.5 ± 8.4 60.3 ± 7.6 55.4 ± 7.3 

†

** p < 0.01, *** p < 0.001. 

 Tukey’s test for multiple comparisons. 

 

 

 

 

 

 

 

 

** 

*** 
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 The association between each variable and facial marginal recession was 

shown in Table 5 and 6.  Facial marginal recession was categorized into 3 groups: 

<0.49 mm, 0.5-0.99 mm, and ≥1.00 mm.  Peri-implant biotype was significantly 

associated with facial marginal recession whereas dental plaque and implant position 

were not.  There were significantly differences in the implant fixture angle, the distance 

from contact point to bone crest, contact point to platform, as well as contact point to 

implant bone among different facial marginal recession group.  However, we did not 

observe significant difference in the facial probing depth, facial crest level, facial crest 

thickness and inter implant-tooth distance among different facial marginal recession 

group. 
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Table 5.  The association between categorical variables and facial marginal recession. 

Facial marginal recession (mm) <0.49  0.50-0.99 ≥1.00 p-value† 

Number of implants  19 7 14 - 

Dental plaque 

Presence/ Absence 

         (%) 

 

14/5 

(73.7/26.3) 

 

4/3 

(51.7/42.9) 

 

9/5 

(64.3/35.7) 

0.74 

Peri-implant biotype 

Thin/ Thick 

         (%) 

 

1/18 

(5.3/94.7) 

 

0/7 

(0/100) 

 

6/8 

(42.9/57.1) 

0.01* 

Implant position 

Buccal/ Lingual 

         (%) 

 

3/16 

(15.8/84.2) 

 

2/5 

(28.6/71.4) 

 

3/11 

(21.4/78.6) 

0.87 

†

* p < 0.05. 

 Fisher’s exact test. 
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Table 6.  The association between continuous variables (mean ± S.D.) and facial 

marginal recession. 

Facial marginal recession (mm) <0.49 0.50-0.99 ≥1.00 

Facial probing depth (mm) 2.8 ± 1.2 2.4 ± 0.8 2.4 ± 0.9 

Facial crest level (mm) 3.7 ± 1.3 4.4 ± 3.4 6.6 ± 4.2 

Facial crest thickness (mm) 1.3 ± 0.7 1.2 ± 0.6 1.1 ± 0.4 

 

Implant fixture angle (degree) 

 

† 

 

61.1 ± 6.2 

 

58.5 ± 6.5 

 

53.7 ± 8.9 

 

Contact point to bone crest (mm)

 

 † 

 

4.6 ± 0.8 

 

5.1 ± 1.0 

 

5.7 ± 1.0 

 

Contact point to platform (mm)

 
 † 6.1 ± 1.7 

 

 

6.3 ± 1.4 

 

7.9 ± 1.2 

 

Contact point to implant bone (mm)

 

 ‡ 

 

8.0 ± 2.0 

 

8.8 ± 0.6 

 

9.9 ± 1.2 

Inter implant-tooth distance (mm) 2.7 ± 0.8 2.5 ± 0.5 3.0 ± 0.6 

† Tukey’s test, ‡

* p < 0.05, ** p < 0.01. 

 Tamhane’s T2 test for multiple comparisons. 

 

 

 

** 

** 

* 

** 

* 
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Binary logistic regression analysis was further used to determine the effect of 

each variable on the presence/ absence of facial marginal recession as well as the 

presence/ absence of papillary recession.  Facial marginal recession was considered 

“presence” when recession was ≥1 mm.  Papillary recession was considered 

“presence” when Jemt papilla score was 0 and 1.  The odds ratios and 95% confidence 

intervals for the risk of facial marginal recession and papillary recession was shown in 

Table 7.  Facial marginal recession was influenced by multiple factors.  Increased risk of 

facial marginal recession was significantly associated with thin peri-implant biotype, 

increased facial bone crest level, increased distance form contact point to bone crest, 

contact point to platform, and contact point to implant bone.  Conversely, increased 

implant fixture angle was associated with decreased risk for marginal recession.   

Thin biotype was the most significant factor in determining the presence of facial 

marginal recession.  In contrast, the distance from contact point to bone crest was the 

only factor significantly associated with the risk for papillary recession.  
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Table 7.  The odds ratios and 95% confidence intervals for the risk of facial marginal 

recession and papillary recession. 

Variables 
Facial marginal recession Papillary recession 

OR (95% CI) p-value OR (95% CI)  p-value 

Thin peri-implant biotype 18.8 (2.0-180.0) 0.01* 4.0 (1.0-16.7) 0.06 

Buccal position of implant 2.3 (0.5-10.1) 0.26 1.3 (0.3-5.7) 0.70 

Facial bone crest level (mm) 1.3 (1.0-1.7) 0.03* 1.0 (0.8-1.2) 0.81 

Facial bone crest thickness (mm) 0.5 (0.1-1.8) 0.29 1.5 (0.5-4.7) 0.48 

Implant fixture angle (degree) 0.9 (0.8-0.99) 0.02* 1.0 (0.9-1.1) 0.94 

Contact point to bone crest (mm) 3.4 (1.3-8.8) 0.01* 2.9 (1.3-6.3) 0.007* 

Contact point to platform (mm) 2.3 (1.3-4.2) 0.005* 1.0 (0.7-1.6) 0.84 

Contact point to implant bone (mm) 2.4 (1.2-4.7) 0.01* 1.2 (0.8-1.8) 0.46 

Inter implant-tooth distance (mm) 2.4 (0.8-7.1) 0.13 0.8 (0.4-1.6) 0.52 

* p<0.05. 
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The patients’ satisfaction on the dental implants was shown in Table 8.  The 

average VAS score of all 8 variables was 80.5%.  For esthetic–related variables, the 

patients showed high overall esthetic satisfaction (84.5%), and high satisfaction on 

crown shape and color.  However, their satisfaction on the harmonization of gingival 

margin was relatively low (67.4%).  For lifestyle–related variables, high satisfaction 

scores were shown for all except for the comfort when chewing or biting (71%).   

Overall, the patient thought that the dental implant treatment was worth the expense with 

the highest satisfaction score of 88.9%.  

 

Table 8.  The VAS scores for esthetic-related variables (1-4) and lifestyle-related 

variables (5-8) assessed by patients. 

Variables Mean ± S.D. (%) Range (%) 

1. Harmonization of gingival margin 67.4 ± 27.1 0-100 

2. Crown color 80.8 ± 18.5 44.0-100 

3. Crown shape 82.9 ± 16.9 45.0-100 

4. Satisfaction with esthetic 84.5 ± 13.6 44.0-100 

5. Confidence when smiling 79.8 ± 18.7 38.5-100 

6. Comfort when chewing or biting 71.0 ± 25.1 6.0-100 

7. Speak well 87.3 ± 15.0 44.0-100 

8. Worth for the expense 88.9 ± 16.6 21.0-100 
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Finally, we examined whether the presence of facial marginal recession (≥1 mm) 

or papillary recession (Jemt papilla score 0 and 1) affected the VAS score assessed by 

patients.  The data were shown in Table 9.  We found that the presence of marginal or 

papillary recession had no significant effect on patients’ VAS scores for all variables, 

excepted for satisfaction when speaking which found to be significantly impacted by 

being presence of papillary recession (p=0.01).   

 

Table 9.  Association between the presence of marginal/ papillary recession and the 

average VAS scores assessed by patients. 

Variables 
Facial marginal recession Papillary recession 

p-value p-value    

Harmonization of gingival margin 0.95 † 0.11 

Crown color 0.32 † 0.59 

Crown shape 0.35 † 0.14 

Satisfaction with esthetic 0.31  † 0.60 

Confidence when smiling 0.54  † 0.67 

Comfort when chewing or biting 0.19 0.26 † 

Speak well 

 ‡ 

0.55 ‡ 0.01* 

Worth for the expense 0.91 ‡ 0.07 

† Independent samples T-test, ‡  

* p<0.05. 

Mann-Whitney U test. 



 
 

CHAPTER V 

DISCUSSION 

 

Peri-implant soft tissue recession is a major esthetic complication, especially in 

the anterior maxilla.  The present study showed that facial marginal recession and 

papillary recession around anterior single-tooth implants was influenced by multiple 

factors.  Using logistic regression analysis, we showed that the distance form contact 

point to alveolar bone crest of the adjacent tooth was a significant factor that influenced 

the presence of papillary recession (OR=2.9; 95% CI=1.3-6.3).  As the distance from 

contact point to bone crest increased, the risk of papillary recession increased.     

This finding was in agreement with other studies (Choquet et al., 2001; Palmer et al., 

2007; Ryser et al., 2005).  The complete papilla fill has been observed when the 

distance from contact point to bone crest was less than 5 mm.  In our study, the group 

with complete papilla filled had a mean distance from contact point to bone crest of  

4.7 ± 0.9 mm.  This finding emphasized the need to maintain the crestal bone of the 

adjacent teeth to maintain the papilla.   

 

Several studies showed that the inter-implant and inter implant-tooth distance 

was an importance factor which influenced the presence or absence of interproximal 

papilla (Lops et al., 2008; Romeo et al., 2008; Tarnow et al., 2000).  The importance of 
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this horizontal distance was first suggested by Tarnow (Tarnow et al., 2000).  They found 

that the average crestal bone loss between two adjacent implants placed >3 mm apart 

was 0.45 mm whereas the crestal loss for two adjacent implants placed ≤3 mm apart 

was 1.04 mm.  Therefore, it was concluded that reduced crestal bone height may affect 

inter-implant papilla fill and a minimum distance of 3 mm was recommended to retain 

crestal bone height.  Studies of single-tooth implants showed that the interproximal 

papilla was significantly present when the implant-tooth distance was 3-4 mm  

(Lops et al., 2008; Romeo et al., 2008).  Therefore, they recommended interproximal 

space dimensions of 3-4 mm between an implant and the adjacent tooth.  Our study and 

others, however, did not observe the effect of inter implant-tooth distance on papillary 

recession (Palmer et al., 2007; Ryser et al., 2005).  This horizontal distance may be more 

critical for papilla fill in case of two adjacent implants than a single-tooth implant. 

 

Soft tissue biotype was used to describe the thickness of gingiva in a bucco-

lingual dimension.  Studies showed that the mucosal thickness at implants was twice 

thicker than that of natural teeth (2-2.2 vs 1-1.1 mm) (Cardaropoli et al., 2006; Chang et 

al., 1999b).  Hence, the prevalence of thin biotype around implants is likely to be less 

than that of natural teeth.  In our study samples, thin biotype was observed in 17.5% of 

implants, as compared to 45% of adjacent natural teeth.  All implants with thin biotype 

also had thin gingival biotype of adjacent natural teeth (data not shown).  Romeo et al. 
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studied 48 single-tooth implants (Romeo et al., 2008).  They showed that complete fill of 

interproximal papilla was significantly correlated with thick peri-implant biotype.  

We observed higher proportion of subjects with thin biotype in groups with lower papilla 

score (Table 3).  However, the association between thin peri-implant biotype and 

papillary recession did not reach statistical significance (OR=4.0; 95% CI=1.0-16.7) in 

logistic regression analysis.  The small number of subjects with thin biotype may 

contribute to the finding.   

 

We showed that the presence of facial marginal recession was affected by 

multiple factors including peri-implant biotype, facial bone crest level, implant fixture 

angle, the distance from contact point to bone crest, contact point to platform, and 

contact point to implant bone.  We observed a mean facial marginal recession of  

0.5 ± 0.9 mm.  This was within the range reported by other studies (Cardaropoli et al., 

2006; Chang et al., 1999b; Evans and Chen, 2008; Jemt et al., 2006; Priest, 2003).   

Peri-implant biotype has been shown to influence the facial marginal recession.   

Evan and Chen found that thin peri-implant biotype sites showed greater recession than 

thick biotype sites (mean 1 vs 0.7 mm) (Evans and Chen, 2008).  The difference was not 

statistically significant.  In addition, sites with thin tissue biotype had a higher frequency 

of recession of ≥1mm compared to thick sites (48.5% vs 33.3%).  In our study,  

peri-implant biotype was significantly associated with facial marginal recession  
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(Table 5).  Moreover, logistic regression analysis showed that peri-implant biotype was  

a major factor that influenced facial marginal recession (OR=18.8; 95% CI=2.0-180.0).  

The mean facial recession at thin biotype sites was also significantly greater than at 

thick sites (1.4 ± 0.8 vs 0.4 ± 0.7 mm, p<0.001) (data not shown).  Therefore, sites with 

thin tissue biotype should be regarded as having a greater risk of facial marginal tissue 

recession when compared with thick sites.   

 

Soft tissue topography was determined by the underlying osseous architecture.  

The position of facial soft tissue margin may therefore be influenced by the facial bone 

crest level and thickness.  The present study showed that facial marginal recession 

around single-tooth implants was significantly affected by the facial crest level, but not 

the facial crest thickness.  Clinically, the level and thickness of facial bone crest can be 

determined by surgical exposure or bone sounding.  Surgical exposure provided 

accurate measurements but can only perform in conjunction with the implant surgery.  

The surgical measurement was not possible following implant restorations.   

Bone sounding is an alternative to surgical exposure.  With local anesthesia, bone 

sounding can be used to measure the bone crest level after implant restorations.  

However, the contour of the restorations may hinder the accurate measurement.   

The present study used the computerized tomography to determine the facial bone 

crest level and thickness.  This method is non-invasive and allows measurements after 
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implant restorations.  The density profile was used to allow objective determination of 

facial crest thickness.  Kan et al. identified the bone crest of maxillary anterior implants 

by sounding through the peri-implant sulcus (Kan et al., 2003).  The mean facial crest 

level measured from facial gingival margin to bone crest was 3.6 ± 0.9 mm.  Clinical 

data regarding the peri-implant probing depth and mean facial marginal recession were 

not reported.  Our study showed a mean facial probing depth of 2.6 ± 1.0 mm, facial 

recession of 0.5 ± 0.9 mm, and facial crest level of 4.8 ± 3.2 mm.  The discrepancy of 

the crest level may be due to different methods used to determine the crest level and 

different characteristic of the study groups.   

 

Facial bone thickness has been shown to influence the vertical resorption of the 

facial crest (Spray et al., 2000).  This may in turn have an effect on facial marginal 

recession.  Spray et al. measured facial bone thickness with a caliper at 0.5 mm from 

the crest (Spray et al., 2000).  The mean facial bone thickness was 1.7 mm at time of 

implant insertion.  A mean facial crestal bone loss of 0.7 mm was observed between the 

time of implant insertion and uncovering.  The facial crestal resorption was less 

pronounced as the facial bone thickness increased.  They recommended that a facial 

bone thickness of 1.8 mm should be left at time of implant insertion to avoid crestal loss.  

The mean facial crest thickness in our study was 1.2 ± 0.6 mm which may reflect the thin 

bone dimension of the anterior maxilla.  We showed that the mean facial crest thickness 
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decreased as the degree of facial recession increased.  However, the association 

between facial crest thickness and facial recession was not statistically significant 

(Table 6 and 7).  To our knowledge, this study was the first to evaluate the effect of facial 

crest level and thickness on facial mucosal recession around dental implants. 

 

Bucco-lingual position of the implant has been shown to be a significant factor in 

determining the degree of facial marginal recession.  Evan and Chen retrospectively 

studied 47 single-tooth implants in the anterior and premolar region (Evans and Chen, 

2008).  They found that implants with a shoulder position at or buccal to a line drawn 

between the cervical margins of adjacent teeth demonstrated three times more 

recession than implants with a shoulder position lingual to this line.  Buser et al. 

recommended that the implant shoulder should be placed 1-2 mm lingual to the 

emergence of the adjacent teeth to ensure maintenance of an adequate width of buccal 

bone and stable mucosa over the buccal implant surface (Buser et al., 2004).  In our 

study, the buccal position of implants was not significantly associated with the risk of 

facial recession.  The study by Evan and Chen used immediate placement whereas ours 

used delayed placement protocol.  Whether different placement protocol contributed to 

the different finding was unknown.  More studies are needed to clarify the influence of 

bucco-lingual implant position on facial recession.  
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We showed that the implant fixture angle was another factor that affected facial 

marginal recession.  A group with facial recession <0.49 mm had a mean implant fixture 

angle of 61.1 degree whereas a group with facial recession ≥1 mm had a mean implant 

fixture angle of 53.7 degree.  This difference was statistically significant (Table 6).  

Logistic regression analysis also showed that the implant fixture angle was inversely 

related to the degree of facial recession (OR=0.9; 95% CI=0.8-0.99).  In other words, 

more proclined implant position significantly increased the risk of facial recession.  

Pronounced facial bone resorption is a common consequence after tooth extraction in 

the anterior maxilla.  Implant placement based on the residual bone may result in a too 

proclined implant position and increased risk of facial recession.  Therefore, good 

planning and performing necessary ridge augmentation procedure are important to 

achieve proper implant angulation. 

 

The apico-coronal position or depth of implant placement has been suggested 

to be an important factor in determining the stability of peri-implant mucosa (Buser et al., 

2004; Kois, 2001).  We showed that as the implant platform located deeper, more facial 

marginal recession was observed.  Increased distance form contact point to implant 

platform was strongly associated with the risk of facial marginal recession (OR=2.3; 95% 

CI=1.3-4.2).  Deep implant placement may lead to thick soft tissue height and deep 
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probing depth.  It was well documented that periodontal pathogens such as 

Porphyromonas gingivalis were frequently found at peri-implant sites with deep probing 

depth (Mombelli et al., 1987).  Presence of these pathogens may lead to an increase 

risk of peri-implant bone resorption and mucosal recession. 

 

The interproximal bone crest level and the level of first bone to implant contact 

were also associated with facial marginal recession.  In this study, increased distance 

from contact point to bone crest as well as from contact point to implant bone 

significantly increased the risk for facial marginal recession with odds ratios of 3.4 and 

2.4, respectively.  It is interesting that the level of interproximal bone crest determined 

the risk for both facial and papillary recession whereas the level of first bone to implant 

contact determined the risk for facial marginal recession, but not the papillary recession.  

Therefore, keeping interproximal bone crest intact was critical for the stability of 

interproximal papilla and facial mucosa.  In addition, maintaining bone level adjacent to 

implant fixtures was important to prevent facial marginal recession.  We also determined 

whether there was any relationship between facial and papillary recession.  We found 

that the presence or absence of facial marginal recession was not associated with 

papilla score.  In other words, presence of facial marginal recession and papillary 

recession appeared to be independent.   
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The patients included in the present study showed high overall satisfaction 

(80.5%) on their implant restorations.  The result was in agreement with previous studies 

which reported above 80% VAS score on the satisfaction with esthetic and function of 

single-tooth implant restorations (Chang et al., 1999a; Chang et al., 1999b; De Rouck et 

al., 2008; Wannfors and Smedberg, 1999).  However, the satisfaction score for the 

harmonization of gingival margin was relatively low (67.4%).  This may be due to the fact 

that one-third of the study subjects had the facial marginal recession ≥1 mm.  

Nonetheless, the presence of facial marginal recession alone did not appear to affect 

their overall satisfaction (Table 9).  When lifestyle-related variables were evaluated, the 

patients gave the highest satisfaction score to the “worth for the expense” variable 

(88.9%).  This implied that the patients perceived dental implant treatment as worthwhile 

although it costs higher than other methods of tooth replacement.  The patients gave  

a relatively low VAS score for the “comfort when biting or chewing” variable (71%).  

Moberg et al. also observed the similar finding.  Approximately one-third of their study 

subjects that received single-tooth maxillary implants reported that they avoided 

chewing and biting with their implants (Moberg et al., 1999).  The patients should, 

therefore, be informed that implant restorations are not more prone to damage caused 

by normal diet than natural teeth or other type of restorations.   
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Moreover, we found that the presence of papillary recession was significantly 

affected on their satisfaction when speaking (p=0.01).  Since patients who having 

papillary recession were less satisfied with their pronunciation compared to the group 

with intact papillae (73.5% vs 89.3%; data not shown).  Levi et al. reported that “speech” 

problem was one of the significant factors that justified patients’ satisfaction on overall 

dental implant treatment (Levi et al., 2003).  The result from the present study 

emphasized the impact of having papillary recession at an implant site on the phonetic 

problem, which may affect the patient’s quality of life.   

 

Due to the cross-sectional nature of this study, there were several limitations.  

The degree of gingival recession was determined by comparing with the natural 

contralateral tooth.  This may not reflect the true change of the gingival level of the 

implant.  However, this measurement was still of clinical value since the patient and 

clinician’s perception on gingival recession was usually based on the symmetry 

between the right and left side.  In this study, each variable that possibly affected soft 

tissue recession was analyzed separately.  However, it should be kept in mind that 

clinically these factors were inter-related.  For example, an implant placed too far facially 

was often related with more proclined implant axis.  This position may lead to the 

resorption of facial bone crest both horizontally and vertically with subsequent soft tissue 
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recession.  The cross-sectional nature of the study only allowed us to determine the 

association between the proposed factors and soft tissue recession.  A future 

prospective study is required to determine whether the factors associated with soft 

tissue recession in this study are true risk factors.  In addition, a complex relationship 

between each factor may be resolved with a larger sample size.  

 

In conclusion, the present study showed that papillary recession around single-

tooth implants in the anterior maxilla was mainly influenced by the interproximal bone 

crest level of the adjacent tooth.  Facial marginal recession, on the other hand, was 

affected by multiple factors including peri-implant biotype, facial bone crest level, 

implant fixture angle, the interproximal bone crest level, the depth of implant platform, 

and the level of first bone to implant contact.  Overall, patients were highly satisfied with 

their single-tooth anterior maxillary implant therapy.  However, future prospective studies 

are required to identify the relative risk of these factors.  
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1. Clinical examination chart 

Case record form 

Subject  No. ___________ 

 

Name_____________________________ Age______________ 

H.N._____________ 

Tel.__________________________________ Date_____________ 
 

 # 14 13 12 11 21 22 23 24 

B PD                         

L PD                         

- PD (mm) = Probing depth (6 sites/tooth) 

• Oral hygiene status: 

 Presence of dental plaque   Absence of dental plaque 

• Gingival biotype:  Thick   Thin 

• Average proximal PD of implant: ___________mm 

• Mid-facial PD of implant: ___________mm 

 

 

 

 

 

 

 

 

 



60 

 

Not confident 

at all 

Very confident 

Do not blend in 

at all 

 Blend in perfectly well 

2. Patient’s satisfaction with the appearance and function of the implant restorations 

 2.1 English version: 

Subject  No. ___________ 

Please draw only one vertical line across the horizontal one to demonstrate your satisfaction as seen 

in an example. 

Example:

              Very satisfied 

   

 

1. How confident do you feel about your smile? 

 

 

2. Do you think your gingival margin in your implant area blend in well with your nearby teeth or 

not?  

 

 

 3.  How much do you satisfy with the color of your implant crown? 

              Very satisfied 

 

4. How much do you satisfy with the contour and shape of your implant crown? 

               Very satisfied 

 

Most satisfaction 

 
Not satisfied 

 at all 

Not satisfied 

 at all 

Not satisfied 

 at all 

Most dissatisfaction 
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5.   Overall, how much do you satisfy with your dental implant? 

              Very satisfied 

6. Can you use the implant tooth in chewing well or not? 

Chew badly    

 

7. Can you use the implant tooth in pronunciation well or not? 

Pronounce badly  

 

8. Do you think dental implant is worth your expense? 

             Mostly 

 

 

 

 

 

 

 

 

 

 

 

Not satisfied 

 at all 

Chew  

perfectly well 

Pronounce 

perfectly well 

Not worth it  

at all 

% Satisfaction = ___________ 
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ไมมี่ความมัน่ใจเลย มัน่ใจมากท่ีสดุ 

ไม่สวยเลย  สวยงามมากท่ีสดุ 

 

 

 2.2 Thai version: 

Subject  No. ___________ 

กรุณา

แบบสอบถามประเมนิระดับความพงึพอใจภายหลังการบูรณะฟันด้วยรากเทียมบริเวณฟันหน้าบน 

ขีดเส้นในแนวตัง้แสดงระดบัความพงึพอใจเพียงเส้นเดียวลงบนเส้นตรงในแนวนอน ดงัตวัอยา่ง  

ไม่พอใจท่ีสดุ พอใจมากท่ีสดุ 

ตวัอยา่ง     

 

1. ทา่นรู้สกึมีความมัน่ใจในรอยยิม้ของทา่นมากน้อยในระดบัใด 

 

 

2. ทา่นคิดวา่ขอบเหงือกบริเวณรากเทียมมีความสวยงามกลมกลืนไปกบัฟันข้างเคียงหรือไม่ 

 

 

3. ทา่นพอใจกบั “สีของครอบฟัน” บนรากเทียมในระดบัใด 

ไม่พอใจท่ีสดุ พอใจมากท่ีสดุ 

 

4. ทา่นพอใจกบั “รูปร่างของครอบฟัน” บนรากเทียมในระดบัใด 

ไม่พอใจท่ีสดุ พอใจมากท่ีสดุ 

 

5.  โดยภาพรวมแล้วทา่นรู้สกึพอใจในความสวยงามของรากเทียมในระดบัใด 

ไม่พอใจท่ีสดุ พอใจมากท่ีสดุ 

 

กรณีท่ีทา่นรู้สกึไมพ่อใจท่ีสดุ 

 

กรณีท่ีทา่นรู้สกึพอใจมากท่ีสดุ 
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6. ทา่นสามารถใช้ฟันท่ีบรูณะด้วยรากเทียมในการ “เคีย้วหรือกดัอาหาร” ได้อยา่งสบายหรือไม่ 

ไม่สบายเลย สบายมากท่ีสดุ 

 

7. ทา่นสามารถใช้ฟันท่ีบรูณะด้วยรากเทียมในการ “พดูออกเสียง” ได้ชดัเจนหรือไม่ 

ออกเสียงไม่ชดัเลย ออกเสียงได้ชดัเจนท่ีสดุ 

 

8. ทา่นคิดวา่การบรูณะฟันด้วยรากเทียมให้ประโยชน์คุ้มคา่กบัคา่ใช้จา่ยหรือไม ่

ไม่คุ้มคา่เลย คุ้มคา่มากท่ีสดุ 

 

 

 

 

 

 

 

 

 

 

 

% Satisfaction = ___________ 
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3. Data from clinical examination 

Subject  No. ___________ 

 

Clinical variables 
Grouping  

(implant site only) 

Oral hygiene 
□ Plaque presence (1) 

□ Plaque absence (2) 

Peri-implant biotype 
□ Thin (1) 

□ Thick (2) 

Natural tooth biotype 
□ Thin (1) 

□ Thick (2) 

 

 

4. Data from the study models 

Subject  No. ___________ 

 

Clinical crown height (mm) 
Measure 

1 

Measure 

2 

Measure 

3 
Average 

Marginal recession 

(≥ 1 mm) 

Implant #______ 
    □ Presence (1) 

□ Absence (2) 

Contralateral tooth #_______      
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5. Data from the periapical radiographs 

Subject  No. ___________ 

 

 

 

 

 

 

6. Data from the CT images 

Subject  No. ___________ 

 

Facial bone thickness (mm) 

(0.5 mm from crest) 

 

Facial bone crest level (mm) 
 

Implant fixture angle (degree) 
 

Bucco-lingual implant position 

(buccal/lingual) 

□ Buccal position 

□ Lingual position 

 

 

7. Data from chart record 

Subject  No. ___________ 

 

• Type of implant 

• Date of implant placement and details of surgical procedure 

• Date of insertion of permanent restoration 

 

 

Distance (mm) mesial distal average 

Contact point to implant platform (CP-P)    

Contact point to bone crest (CP-BC)    

Contact point to implant bone (CP-IB)    
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เอกสารยนิยอมเข้าร่วมการวิจัย (Consent Form) 
 

การวจิยัเร่ือง  
“ปัจจยัท่ีมีผลตอ่การร่นของเหงือกรอบรากเทียมแบบหนึง่ซ่ีบริเวณฟันหน้าบน” 

 

การมีเหงือกร่นในฟันหน้าท่ีได้รับการบรูณะด้วยรากเทียมเป็นปัญหาท่ีสําคญัท่ีมีผลโดยตรงตอ่ความ

สวยงามของรากเทียม  กลุม่ผู้วจิยัจงึได้ดําเนินการวจิยันีเ้พ่ือศกึษาปัจจยัท่ีมีผลตอ่การเกิดเหงือกร่นของราก

เทียม โดยทําการตรวจวดัสภาพเหงือกรอบรากเทียม รวมทัง้ ทําการถ่ายภาพรังสีแบบ 3 มิติ เพ่ือศกึษาระดบั

กระดกูรอบรากเทียม ความรู้จากการศกึษานีจ้ะชว่ยให้เข้าใจปัจจยัท่ีมีผลตอ่การเกิดเหงือกร่นของรากเทียมได้ดี

ขึน้ ซึง่จะเป็นประโยชน์ในการป้องกนัการเกิดเหงือกร่นรวมทัง้รักษาอาการเหงือกร่นของรากเทียมได้ ผู้ เข้าร่วม

วจิยัจะได้รับการตรวจสภาพเหงือกรอบรากเทียม ถ่ายภาพฟันหน้าท่ีได้รับการบรูณะด้วยรากเทียม พมิพ์

แบบจําลองฟัน และถ่ายภาพรังสีรอบปลายรากและคอมพิวเตอร์ 3 มิติ โดยไมเ่สียคา่ใช้จ่าย     
 ข้าพเจ้าได้รับการอธิบายจากผู้วิจยัถงึวตัถปุระสงค์ของการวิจยั   วิธีการวิจยัอยา่งละเอียด   และมี

ความเข้าใจดีแล้ว ข้าพเจ้าเข้าร่วมโครงการวจิยันีโ้ดยสมคัรใจ  ข้าพเจ้ามีสทิธิท่ีจะบอกเลกิการเข้าร่วมใน

โครงการวจิยันีเ้ม่ือใดก็ได้และการบอกเลกิการเข้าร่วมการวจิยันี ้ จะไมมี่ผลตอ่การรักษาท่ีข้าพเจ้าจะพงึได้รับ

ตอ่ไป  ผู้วิจยัรับรองวา่จะเก็บข้อมลูเฉพาะเก่ียวกบัตวัข้าพเจ้าเป็นความลบั   และจะเปิดเผยได้เฉพาะในรูปท่ีเป็น

สรุปผลการวิจยั   การเปิดเผยข้อมลูเก่ียวกบัตวัข้าพเจ้าตอ่หน่วยงานตา่งๆ ท่ีเก่ียวข้องกระทําได้เฉพาะกรณี

จําเป็น   ด้วยเหตผุลทางวิชาการเทา่นัน้ 

 
 ข้าพเจ้าได้อา่นข้อความข้างต้นแล้ว และมีความเข้าใจดีทกุประการ และได้ลงนามในใบยินยอมนีด้้วย

ความเตม็ใจ 

 
 ลงนาม............................................................................................ผู้ ยินยอม  
 (.................................................................................................................)  
 ลงนาม.................................................................................................พยาน  
 (..................................................................................................................)  
 ลงนาม.................................................................................................พยาน  
 (..................................................................................................................)  
 ลงนาม.............................................................................หวัหน้าโครงการวจิยั  
  (.................ทญ.สปุรีดา..สภุนนัตชาติ..............................)  
            วนัให้คํายินยอมเข้าร่วมวิจยั    วนัท่ี...........เดือน..........................พ.ศ..............  
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