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Biologic complications around dental implants may be cat-

egorized into peri-implant mucositis and peri-implantitis. 

Peri-implant mucositis is defined as reversible inflammation in

the peri-implant mucosa without any apparent bone destruc-

tion. Peri-implantitis refers to inflammatory process that re-

sulted in destruction of alveolar bone and attachment. Poten-

tial etiologic and contributing factors to both diseases are

discussed in this review. By targeting and eliminating the etio-

logic factors nonsurgically as well as surgically, dental implants 

presenting with peri-implant diseases may be rescued, and

then maintained with proper long-term peri-implant support-

ive therapy. Furthermore, clinical cases and their management

are presented to demonstrate the available treatment options. 

Implant therapy should be carefully planned and executed

with consideration of potential etiologic and contributing fac-

tors to developing biologic complications. During the initial 

consideration, patients should be informed of the potential 

biologic complications in dental implant therapy. Clinicians 

should monitor implants for any development or recurrence of 

peri-implant disease to ensure timely therapeutic intervention.

(Quintessence Int 2020;51:810–820; doi: 10.3290/j.qi.a44813)
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Peri-implant health is characterized by absence of clinical signs 

of erythema, edema, suppuration, and bleeding on probing.1

Biologic complications around dental implants may be

categorized into two different disease identities. Peri-implant 

mucositis refers to marginal inflammation in peri-implant 

mucosa with no apparent bone destruction.2 Similar to gingivi-

tis, peri-implant mucositis is reversible with appropriate treat-

ment. On the other hand, peri-implantitis refers to inflamma-

tory process that is associated with loss of marginal supporting 

bone and attachment around a dental implant.2 Sites with

peri-implantitis exhibit active bleeding and/or suppuration 

upon light probing, increased recession and/or deep probing 

depths, in conjunction with progressive radiographic bone loss 

compared to previous examinations.3 It is important to record

the baseline radiographic marginal bone level and probing

depth values in order to identify any progression of the disease.

Variable factors could alter the degree of early marginal bone

level remodeling, such as the depth of the implant insertion, 

mucosal thickness, and abutment height.4 Attention must be

paid to the clinical signs of inflammation and changes in radio-

graphic bone levels to properly and timely identify peri-im-

plantitis. The loss of the supporting bone and attachment is 

irreversible. In the absence of treatment, peri-implantitis pro-

gresses in a “nonlinear and accelerating pattern,” more rapid 

than the progression of periodontitis.3 In the absence of previ-

ous examinations for comparison, the diagnosis of peri-implan-

titis can be based on active bleeding and/or suppuration upon

gentle probing, probing depths ≥ 6 mm, and bone loss beyond

3 mm from the most coronal intraosseous aspect of the 

implant.3 According to a previous meta-analysis of a total of 

1,497 subjects with 6,283 dental implants, 30.7% of dental 

implants comprising 63.4% of subjects presented with peri-im-

plant mucositis.5 Similarly, 9.6% of dental implants represent-

ing 18.8% of subjects presented with peri-implantitis.5

 PERIODONTOLOGY



QUINTESSENCE INTERNATIONAL | volume 51 • number 10 • November/December 2020 811

Kwon et al

The treatment of peri-implantitis, as described in the litera-

ture, ranges from nonsurgical to surgical resective and regen-

erative methods with no specific “gold standard” method

proven to be superior to the others.6 However, the treatment of 

peri-implantitis does not stop after the initial treatment.

Peri-implant maintenance therapy (PIMT) and adequate plaque

control have been well established as crucial for long-term suc-

cess.7-9 In a recent systematic review on the success of peri-

implantitis therapy followed by PIMT, implant survival rates of 

81.73% to 100% at 3 years (seven studies) and 69.63% to

98.72% at 7 years (two studies) were reported.6

The aim of this review was to discuss potential etiologic and 

contributing factors to biologic complications around dental

implants, ie peri-implant mucositis and peri-implantitis. Fur-

thermore, clinical cases and their management are presented

to demonstrate the available treatment options.

Etiology and risk indicators

Dental plaque

According to Ferreira et al,10 patients with poor oral hygiene 

exhibited approximately 15 times greater chance of develop-

ing peri-implantitis. Considering that initiation of peri-implant 

diseases may be triggered by the presence of dental plaque 

similar to that of periodontal diseases,11 achieving and main-

taining excellent plaque control is an important factor in pre-

vention as well as treatment of peri-implant diseases. Based on

the principles of cause-related therapy, clinicians should edu-

cate their patients on how to effectively remove the main etio-

logic factor, dental plaque around teeth and implants.12,13 Fur-

thermore, both surgical and restorative phases of implant 

therapy should be carefully planned and delivered to allow

easy access for patient’s home oral hygiene care. Serino and

Ström14 evaluated a total of 109 implants in 23 patients and 

found 81 implants had no accessibility or capability for proper

oral hygiene. Among these 81 implants, 53 implants had peri-im-

plantitis. In comparison, among the 28 implants that were 

accessible for proper oral hygiene care, only five implants had 

peri-implantitis, confirming the importance of delivering a

hygienic implant restoration to achieve and maintain optimal

peri-implant health.14

Past and active periodontitis

According to Lee et al,15 implants in patients with residual peri-

odontal probing depths of 6 mm or more were at approximately 

5.5 times greater chance of developing peri-implantitis than

implants in patients without any periodontal probing depths of 

6 mm or more. In addition, the transmission of perio-patho-

genic bacteria, including the so-called red complex bacteria,

from the gingival crevice of the adjacent teeth with deep peri-

odontal probing depth to the implant sulcus was reported.16,17

Patients with history of periodontitis, who most likely car-

ried these periodontal pathogens or were genetically more

susceptible, exhibited up to 14 times greater risk of developing 

peri-implantitis.18-20 Thus, clinicians should ensure treating and

stabilizing any active periodontal disease prior to proceeding 

with implant therapy. Furthermore, patients with history of 

periodontitis should be clearly informed regarding the poten-

tial increased risk of implant failure or biologic complications 

around it.

Irregular peri-implant maintenance therapy

Irregular PIMT after implant placement has been proven to be a

major risk indicator of developing peri-implant diseases.3 Costa 

et al21 investigated the incidence of peri-implantitis over a 5-year 

follow-up period in 80 subjects with peri-implant mucositis. In 

subjects who received PIMT, the incidence of peri-implantitis 

was significantly lower than that of subjects who did not 

receive PIMT.21 Similarly, in a cross-sectional study evaluating a 

total of 206 implants in 115 subjects, the prevalence of peri-im-

plantitis was 4.5% in a subject group who received regular PIMT 

at least two times annually.22 In comparison, the prevalence of 

peri-implantitis was 23.9% among subjects who were either 

erratic compliers (PIMT less than two times a year) or noncom-

pliers (no PIMT).22 Furthermore, the positive effect of PIMT on 

the long-term survival of implants was reported in patients

who successfully received surgical peri-implantitis therapy.23

Thus, clinicians should educate their patients, prior to implant

placement, regarding the importance of establishing regular

PIMT as well as meticulous home care habits in order to reduce

the incidence or the recurrence of peri-implant disease. During

PIMT, if indicated, a periapical radiograph may be prescribed to

determine marginal bone level. In addition to professional

mechanical debridement, home care therapy should be care-

fully reviewed with the patient in each PIMT appointment.22,23

Smoking

Similar to periodontal diseases, dental implant patients with

active smoking habits exhibited up to three to five times 

greater chance of developing peri-implantitis.19,24,25 Further-
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more, according to Levin et al,19 during the approximately first

5 years, smokers exhibited a similar implant survival rate com-

pared to nonsmokers. However, after 5 years, the cumulative

implant survival rate was significantly lower in smokers than 

that of nonsmokers.19 Thus, the importance of smoking cessa-

tion on prevention and treatment of peri-implant diseases

should be discussed with and reinforced to patients. 

Lack of keratinized peri-implant mucosa

According to Schrott et al,26 implants with less than 2 mm of 

keratinized mucosa exhibited significantly higher Bleeding

Index, Plaque Index, and greater buccal peri-implant mucosal

recession. Similarly, Monje and Blasi,27 in their evaluation of 66

dental implants in a total of 37 patients, found that the presence

of less than 2 mm of keratinized mucosa was associated with a 

significantly higher odds of developing peri-implant diseases, 

especially in patients with erratic PIMT patterns. Thus, similar to 

natural teeth,28 the presence of at least 2 mm of keratinized

mucosa may be preferable to prevent peri-implant diseases.

Furthermore, the presence of an adequate width of keratinized

mucosa around dental implants may lead to better soft and

hard tissue stability, less plaque accumulation, limited soft tis-

sue recession, and lower incidence of peri-implant diseases.29

Therefore, clinicians should carefully examine the amount of 

keratinized mucosa around dental implants. This should also be

part of the pre-implantation assessment and treatment consid-

erations, especially concerning flap design. If deficient, mucogin-

gival therapy around dental implants might be considered.

Presence of foreign body

The presence of a foreign body around dental implants was 

found to be associated with local inflammatory lesions, eliciting 

potential peri-implant diseases.30 These foreign bodies include

predominantly excessive cement materials,30-35 retained retrac-

tion cord,36 and titanium debris.30 In a retrospective analysis of 

129 dental implants, 62 of 73 implants with cement remnants

developed peri-implant disease.33 In comparison, in the group of 

implants without cement remnants, only 17 of 56 implants were

diagnosed with peri-implant diseases, suggesting a potential

role of excessive cement on the development of peri-implant dis-

ease.33 In addition, in recent systematic reviews, a potential role 

of residual cement material in developing peri-implant disease

and crestal bone loss was demonstrated.34,35 Thus, clinicians may 

consider delivering a screw-retained restoration or placing a shal-

low crown-abutment margin in a cement-retained restoration to

allow easier removal of excess cement material.37 If an abutment 

level impression technique is used, clinicians should carefully

examine and ensure the absence of any residual retraction cord

or impression materials.36 Lastly, during the surgical placement of 

a dental implant, copious irrigation should be used during oste-

otomy in order to minimize any residual titanium debris.30

Thin buccal plate

The proceedings of the 2017 World Workshop added “hard and

soft tissue implant site deficiencies” to the list of peri-implant

diseases and conditions.1 Significant ridge deficiencies can

develop after extraction of teeth that had endodontic infec-

tions, periodontal defects, root fractures, maxillary sinus pneu-

matization, poor anatomical position within the alveolar ridge, 

etc.1

Implants with thin buccal plate, dehiscence, or fenestration

may be at a greater risk of developing peri-implantitis and ulti-

mately failure. According to a recent animal study, a critical buc-

cal bony wall thickness of at least 1.5 mm appeared to be essen-

tial for maintaining the buccal bony wall integrity during

physiologic and pathologic resorption.38 Following the extraction

of a natural tooth, clinicians should carefully examine the remain-

ing socket and determine the potential risk of vertical and hori-

zontal residual ridge resorption.39,40 If necessary, clinicians should

consider performing a socket preservation procedure to ensure 

an adequate amount of alveolar bone is available not only for the 

placement of the implant but for having an adequate volume of 

alveolus surrounding the implant.41,42

During the placement of an implant, clinicians should care-

fully select the diameter of the dental implant, ensuring an

adequate alveolar bone support around the implant. Further-

more, clinicians should avoid placing the implant too buccally,

leaving a thin remaining buccal bone wall.43 If necessary, a 

simultaneous buccal contour augmentation or a smaller diam-

eter implant should be considered.44-46 Furthermore, existing

implants should be carefully monitored for any signs of pro-

nounced buccal plate resorption, resulting in thin buccal plate,

dehiscence, or fenestration. Guided bone regeneration therapy

may be performed in order to increase the thickness of the buc-

cal plate or to repair dehiscence or fenestration around the

existing implant when indicated.47

Excessive occlusal force

The potential negative effect of excessive occlusal loading of a 

dental implant on the level of the surrounding marginal bone,
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the percentage of bone to implant contact, and the implant

survival have been reported in animal studies.48-50 Furthermore,

in the presence of plaque-induced peri-implant inflammation,

excessive occlusal forces resulted in a greater horizontal and

angular bone loss.49

The effect of excessive occlusal force on a dental implant in

humans is still unclear.51,52 There are two human case reports

suggesting successful radiographic bone regain by reducing 

excessive occlusal contact alone53 and with anti-infective ther-

apy.54 Within the limited literature, which is predominantly 

derived from the animal studies, clinicians should avoid exces-

sive vertical and excursive occlusal forces on the implant.

Other factors

Patients with penicillin allergy were reported to be at three to

four times greater risk for implant failure due to a higher inci-

dence of postoperative infection compared to non-penicillin

allergic patients.55,56 In addition, according to a recent system-

atic review with meta-analysis, diabetic patients exhibited 

approximately 50% greater chance of developing peri-implan-

titis than nondiabetic patients.57 Furthermore, a restorative

emergence angle of greater than 30 degrees and convex profile 

were associated with a greater risk for developing peri-implan-

titis in bone-level implants.58

1a 1b

1c

Fig 1a Maxillary right central incisor im-
plant with peri-implant mucosal recession
and limited keratinized tissue. 

Fig 1b A CBCT scan revealed that the implant was pos-
itioned buccally, outside of the alveolar housing.

Fig 1c A periapical radiograph revealed satisfactory inter-
proximal peri-implant bone level.

1d

1g

1e

Figs 1d to 1f Gingival graft surgery (recipient site preparation, donor site preparation, and immediate postoperative view).

1f

Fig 1g One-year follow-up.
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Case one

A 68-year-old man was referred by his general dental practi-

tioner for an evaluation of his progressive buccal soft tissue

recession around the maxillary right central incisor implant

that presented also with a deep probing depth. His medical

history was noncontributory and reported no known drug

allergy. Clinical evaluation revealed a 3-mm peri-mucosal buc-

cal recession on his maxillary right central incisor implant, 

partly exposing its abutment (Fig 1a). The peri-implant mucosa 

appeared thin and an 8-mm midbuccal peri-implant probing

depth with bleeding was noted. The patient reported pain 

upon palpating the buccal aspect of the implant. He was also

concerned esthetically due to progressive exposure of the

metal portion of implant-abutment complex. A cone beam

computed tomography (CBCT) evaluation revealed a complete

bony dehiscence on the buccal aspect of the implant (Fig 1b). 

An adequate interproximal bone height was noted around the

implant (Fig 1c). The buccal bony dehiscence appeared to be

associated with the implant, which was positioned buccally

outside of the alveolar housing. Since guided bone regenera-

tion outside of the existing alveolar housing may be unpredict-

able, a soft tissue augmentation based on the principle of gin-

gival unit graft was performed (Figs 1d to 1f ).59-61

The recipient site was prepared in a partial thickness man-

ner. The gingival graft was harvested from the palatal aspect of 

the maxillary premolar and stabilized over the recipient site. At

the 1-year follow-up, a significant reduction in peri-implant

mucosal recession was noted with a significant gain in the 

thickness of the mucosa (Fig 1g). The patient no longer experi-

enced any pain upon buccal palpation. The peri-mucosal prob-

ing depth was reduced from 8 mm to 3 mm. The patient was

recommended for every 4 months PIMT to continuously moni-

tor the implant and determine his compliance with the sug-

gested home care therapy on gingival line tooth brushing (ie, 

modified Bass technique)62 and flossing.

Case two

A 57-year-old man presented for a follow-up after receiving a 

final restoration on the mandibular left canine implant from his

general dental practitioner. The clinical evaluation revealed

peri-mucosal inflammation with erythema and edema, which

was more pronounced on the mesial aspect (Fig 2a). A 6-mm

probing depth was noted on its mesial aspect with bleeding on 

probing. A radiographic evaluation revealed a foreign body on 

the mesial aspect, which appeared to be residual excessive

cement (Fig 2b). After achieving an adequate local anesthesia, a

piezoelectric scaler (Piezon, Hu-Friedy) with chlorhexidine irri-

gation was used to remove the excessive cement. Immediately

following the scaling, another periapical radiograph was 

obtained to confirm the complete cement removal (Fig 2c). At

2a 2b 2c 2d

Fig 2a A mandibular left  
canine implant with peri-im-
plant mucosal erythema and 
edema. 

Fig 2b A periapical radiograph
of the implant revealed a poten-
tial excessive cement mass on its 
mesial aspect.

Fig 2c Following debridement,
a periapical radiograph con-
firmed a complete removal of 
the excessive cement mass.

Fig 2d A 6-week follow-up re-
vealed significant resolution of 
peri-implant mucosal erythema 
and edema. 
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the 6-week follow-up, a significant resolution of the peri-im-

plant inflammation was noted with a reduction in erythema and 

edema (Fig 2d). Home care therapy on gingival line tooth brush-

ing,62 flossing, and interproximal rubber tipping was thoroughly

reviewed with the patient. The patient was recommended a

follow-up every 4 months to monitor the implant and deter-

mine his compliance with the suggested home care therapy.

Case three

An 80-year-old man was referred for an evaluation of the max-

illary right lateral incisor and maxillary left central incisor 

implants due to evidence of bone loss. The clinical exam

revealed deep probing depth of 8 to 10 mm surrounding the

implants with bleeding and suppuration. The patient reported

extreme difficulty of performing home care as the fixed pros-

thesis was in extremely close contact with the soft tissue ridge, 

leaving no space to insert and use a cleaning device such as 

Super Floss, toothbrush, or interdental brush (Fig 3a). Radio-

graphic examination revealed approximately 30% peri-im-

plant bone loss around both implants (Fig 3b). After achieving

an adequate local anesthesia, scaling was performed using a 

piezoelectric scaler (Piezon, Hu-Friedy) and Gracey curettes 

(Hu-Friedy; Fig 3c). Excessive vertical and lateral occlusal con-

tact were adjusted. The “gingival” portion of the existing pros-

thesis was then removed and modified until an interdental 

brush (Oral B, Procter & Gamble) could be inserted passively 

(Fig 3d). The patient was then advised to perform adequate

home care involving gingival line tooth brushing,62 interdental 

brushing, and interproximal rubber tipping (Sunstar). The

patient received PIMT every 3 months with continuous moni-

toring of home care therapy. At the 1-year follow-up, a significant

reduction of 4 to 6 mm in probing depth was noted. A

complete resolution of peri-implant mucosal erythema and 

edema were also observed. No visible residual plaque was 

recorded, indicating his effective home care (Fig 3e).

Fig 3a Maxillary right lateral and left cen-
tral incisor implants with deep probing 
depth. 

Fig 3b A periapical radiograph revealed a
moderate peri-implant bone loss.

Fig 3c Following scaling, the existing pros-
thesis was modified. 

Fig 3d Passive insertion of an interdental
brush was confirmed. 

3a

3b

3c

3e3d

Fig 3e One-year follow-up revealed a sig-
nificant resolution of peri-implant mucosal
erythema and edema.
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Case four

A 67-year-old man was referred for an evaluation of severe

bone loss around the maxillary right lateral incisor implant. The 

clinical evaluation revealed a 9- to 12-mm probing depth

around the implant with peri-implant mucosal swelling on its

buccal aspect (Fig 4a). The buccal peri-implant mucosal tissue

was tender upon palpation. Suppuration and bleeding were 

noted upon probing (Figs 4b and 4c). A radiographic examin-

ation revealed 50% to 70% alveolar bone loss around the im-

plant, which was more pronounced on the mesial aspect. A 

partial two- to three-walled alveolar defect was suspected on

both mesial and distal aspects (Fig 4d). Thus, peri-implant

guided bone regeneration was attempted following the 

cause-related, nonsurgical treatment phase.12,13 After achieving

adequate local anesthesia, Nd:YAG laser (Millennium Dental 

Technologies) was used to selectively remove the diseased in-

ner sulcular epithelium while carefully avoiding the implant

surface.63,64 Piezoelectric scalers (Piezon, Hu-Friedy) with copi-

ous chlorhexidine irrigation were used to mechanically and 

chemically clean the contaminated implant surface. The osse-

ous defect was carefully mapped and was instrumented with 

a fine piezoelectric scaler tip (PS tip, Hu-Friedy). Occlusion was

adjusted in order to remove excessive centric and lateral ex-

cursive contacts (Fig 4e). At 5 months follow-up, a significant 

increase in bone density was noted on a periapical radio-

graph, possibly suggesting peri-implant bone regeneration 

(Fig 4f ). Upon probing, a significant reduction in probing

depth was noted to 4 to 5 mm with no evidence of suppura-

tion or bleeding. The peri-implant mucosal swelling was re-

solved (Fig 4g). The patient was advised to perform adequate

home care involving gingival line tooth brushing,62 interden-

tal brushing, and interproximal rubber tipping, and to use

chlorhexidine daily around the marginal peri-implant mucosa 

in order to maintain a favorable environment for continuous 

peri-implant tissue regeneration.

4a 4b 4c

Fig 4a Maxillary right lateral incisor im-
plant with peri-implant mucosal edema.

Fig 4b A 12-mm probing depth was noted
on the mid-buccal aspect. 

Fig 4c Upon probing, suppuration and 
bleeding were noted. 

Fig 4d A peri-
apical radiograph 
revealed 50% to
70% alveolar bone 
loss around the 
implant. 

Fig 4e Guided bone regeneration therapy
was performed around the implant using 
Nd:YAG laser.

Fig 4f At the 
5-month follow-up, 
an increase in alveo-
lar height as well as 
density were noted,
possibly indicating
bone regeneration.

4d 4e 4f 4g

Fig 4g At the 5-month follow-up, a sig-
nificant resolution of peri-implant mucosal
edema was noted. 
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Case five

A 55-year-old woman was referred for evaluation of bone loss

around the maxillary left first premolar implant (Fig 5a). Her 

medical history was noncontributory and reported no known

drug allergy. Clinical evaluation revealed 6- to 8-mm probing

depth on the buccal aspect with suppuration and bleeding 

upon probing (Fig 5b). No radiographic bone loss was noted

on the mesial and the distal aspect of the implant. Moderate

horizontal ridge deficiency was noted on the buccal aspect, 

which was more pronounced apically. Thus, peri-implantitis

appeared to be associated with possible underlying hard tis-

sue defect on the buccal aspect for which guided bone regen-

eration therapy was planned following the cause-related, non-

surgical treatment phase. After achieving adequate local 

anesthesia, a buccal periosteal pocket flap was prepared as

described by Steigmann et al65 with an anticipation for hori-

zontal guided bone regeneration therapy. After removing

granulation tissue completely, extremely thin buccal plate 

with apical fenestration along the body of the implant in com-

5a

5d

5g

5b

5e

5f

5c

5f

5i

Fig 5a Maxillary left first premolar implant 
with moderate buccal horizontal ridge defi-
ciency and peri-implant mucosal cyanosis.

Fig 5b Upon probing, suppuration and
bleeding were noted.

Fig 5c Upon elevating the flap, thin buccal 
plate with apical fenestration (not shown)
and crestal dehiscence was noted. 

Fig 5d Occlusal view showing the moder-
ate buccal concavity.

Fig 5e The bony defect was repaired with
FDBA and a cross-linked collagen membrane.

Fig 5f Immediate postoperative view.

Fig 5g At the 6-month follow-up, a com-
plete resolution of the buccal ridge defi-
ciency was noted.

Fig 5h Occlusal view confirming the reso-
lution of the buccal ridge deficiency.

Fig 5i At the 6-month follow-up, a signifi-
cant reduction in probing depth to 4 mm was
noted. No suppuration or bleeding was noted.
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bination with 2-mm crestal dehiscence was noted (Figs 5c and 

5d). To repair the bony defect and increase the thickness of the

buccal plate, freeze-dried bone allografts (FDBA; RegenerOss, 

Zimmer Biomet) were introduced into the buccal periosteal

pocket and a cross-linked collagen membrane (BioMend Ex-

tend Membrane, Zimmer Biomet) was placed between the

grafts and the inner aspect of the periosteal pocket (Fig 5e).65

The flap was repositioned and sutured (Fig 5f ). At 6 months

follow-up, a complete resolution of buccal horizontal ridge de-

ficiency was noted, suggesting possible thickening of the un-

derlying buccal plate (Figs 5g and 5h). Upon probing, a signif-ff

icant reduction in probing depth was noted to 4 mm with no 

evidence of suppuration or bleeding (Fig 5i). In addition to 

regular PIMT every 4 months, the patient was advised to per-

form adequate home care involving gingival line tooth brush-

ing, interdental brushing, and interproximal rubber tipping, 

and to use chlorhexidine daily around the marginal peri-im-

plant mucosa.

Conclusion

Implant therapy should be carefully planned and executed with 

consideration of potential etiologic and contributing factors to 

developing biologic complications. During the initial consulta-

tion, patients should be informed of the potential biologic com-

plications in dental implant therapy. Clinicians should continu-

ously monitor implants for any development or recurrence of 

peri-implant disease to ensure timely therapeutic intervention. 
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