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Partial extraction therapy (PET) is a group of surgical techniques that preserve the 
periodontium and peri-implant tissues during restorative and implant therapy 
by conserving a portion of the patient’s own root structure to maintain the 
blood supply, derived from the periodontal ligament complex. PET includes the 
socket shield technique (SST), proximal shield technique (PrST), pontic shield 
technique (PtST), and root submergence technique (RST). Although their clinical 
success and benefits have been demonstrated, several studies report possible 
complications. The focus of this article is to highlight management strategies 
for the most common complications associated with PET, including internal root 
fragment exposure, external root fragment exposure, and root fragment mobility. 
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Following tooth loss or dental extrac-
tion, alveolar ridge resorption and tis-
sue dimensional changes represent 
significant challenges for the restor-
ative and implant rehabilitation of 
edentulous areas.1–3 Historically, clini-
cians have attempted to preserve the 
alveolar ridge and limit bone loss by 
intentionally submerging root rem-
nants. Utilizing submerged roots to 
maintain the periodontal ligament 
(PDL) complex and stabilize the al-
veolar ridge associated with pontic 
regions of fixed dental prostheses 
and complete dentures has been re-
peatedly described since the 1970s.4 

In the past decade, partial extrac-
tion therapy (PET) techniques have 
emerged as alternative treatment 
modalities to preserve the alveolar 
ridge architecture.5,6 PET is a group 
of surgical techniques that includes 
the socket shield technique (SST), 
root membrane technique (RMT), 
proximal shield technique (PrST), 
pontic shield technique (PtST), and 
root submergence technique (RST). 
These techniques utilize the patient’s 
root structure to maintain blood sup-
ply, derived from the PDL complex, 
in order to preserve the periodon-
tium and peri-implant tissues during 
restorative and implant therapy.5,7–12 

Total extraction and full-arch im-
plant therapy often require a signifi-
cant amount of bone reduction and 
palatolingual implant placement.13,14 
A previous case report15 by the  
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present authors demonstrated the 
use of a combination of PET tech-
niques and minimally traumatic ex-
traction to achieve highly esthetic 
outcomes for full-arch implant ther-
apy. 

As PETs gain popularity in the 
clinical arena, with numerous clinical 
studies demonstrating their benefits, 
several clinical studies and case re-
ports have shown that complications 
may occur.8,16–19 A majority of these 
complications are manageable with-

out implant loss. To ensure predict-
able treatment outcomes and quality 
patient care, it is paramount for clini-
cians to understand the prevention 
and management of complications 
associated with PET. In this article, 
methods to manage the most com-
monly encountered complications 
are discussed, and cases with vari-
ous clinical scenarios are presented, 
including internal root fragment ex-
posure, external root fragment ex-
posure, and root fragment mobility.

Clinical Cases

Case 1: Internal Shield 
Exposure Management

Case 1 demonstrates internal expo-
sure of a root fragment as part of a 
maxillary immediately loaded implant-
supported fixed partial denture case 
involving multiple SST treatments. A 
healthy 59-year-old man presented 
to the clinic with previous implants 
in the posterior maxilla (Fig 1a).  

Fig 1 Case 1: Management of internal shield exposure. (a) Initial clinical and (b) radiographic presentation. (c) The first step in shield 
preparation involves reducing the crown aspects to the bone level, followed by RST and SST preparation. (d) A combination of RST and 
SST were performed. (e) The healed ridge revealed a small internal shield exposure. (f) A rotated palatal pedicle graft was used to close 
the exposure. (g) The final prosthesis was inserted. (h) Panoramic radiographic view of the final result. 
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Radiographic examination revealed 
multiple teeth with a hopeless prog-
nosis due to extensive root caries (Fig 
1b). After presentation of treatment 
options, including a thorough discus-
sion of further crown and bridge op-
tions with endodontic treatment, the 
patient chose to pursue an implant-
supported full-arch option for the 
maxilla. A combination of SST and 
RST was performed to preserve buc-
cal hard and soft tissues in conjunction 
with immediate implant placement 
(Figs 1c and 1d). After a 3-month 
healing period with an immediately 
loaded temporary restoration, a small 
internal shield exposure was observed 
(Fig 1e). Management of this compli-
cation includes adjusting the tem-
porary prosthesis to relieve pressure 

on the edentulous area and using a 
rotated palatal subepithelial connec-
tive tissue pedicle graft to cover the 
exposed aspect (Fig 1f). Once tissue 
maturation was confirmed, fabrication 
of the definitive monolithic zirconia fi-
nal prosthesis was completed (Fig 1g). 
Figure 1h shows the final panoramic 
radiograph after insertion. 

Case 2: External Shield 
Exposure

Case 2 demonstrates a full-arch 
maxillary reconstruction using a 
two-stage approach. External root 
fragment exposures were observed 
on the canine socket shields, which 
needed to be reshaped (Fig 2a). A 

full-thickness flap was raised to al-
low for adequate visualization. The 
exposed shield was trimmed down to 
the level of the surrounding alveolar 
bone to ensure no sharp ledges were 
present (Fig 2b) Figure 2c shows the 
final position of the root fragment in 
relation to the bone crest. Any high-
pressure or friction points from the 
prosthesis should be relieved and ad-
justed to avoid additional exposures. 

Case 3: Management of Shield 
Mobility

In some circumstances, the SST or 
PtST can become mobile during the 
initial healing stage. This may be due 
to inadequate length of the prepared 

Fig 2 Case 2: Management of external shield exposure. (a) Initial patient pre-
sentation. (b) A full-thickness flap was elevated and external exposures were 
trimmed. (c) Final result after shield adjustment. Case images are courtesy of  
Dr Jorge Campos. 
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root fragment or due to proximity of 
the implant abutment to the root 
fragment. Case 3 demonstrates the 
management of a mobile shield 2 
weeks after immediate provisional 
restoration.

The patient presented with a 
post core crown on a maxillary left 
central incisor that had lost its reten-
tion (Fig 3a). There was a complete 
lack of ferrule, and thus it was decided 

that the nonrestorable tooth should 
be removed and replaced with an 
implant. PET was carried out on the 
remaining root (Fig 3b). The socket 
shield was completed after removing 
the palatal portion of the root and 
curetting the socket. The shield was 
thinned to about 1 mm to increase 
the size of the jump gap between the 
implant and the shield. A 4 × 13–mm 
implant (AnyRidge, Megagen) was 

placed in the area with a torque  
> 50 Ncm. The jump gap was filled 
with alloplast bone graft particles 
(Osteon, Genoss). Due to the high 
initial primary stability, a provi-
sional crown was fabricated using 
the patient’s crown and retrofit-
ted to the implant using flowable 
composite. The provisional crown 
was placed on the implant and  
torqued to 35 Ncm.

Fig 3 Case 3: Management of socket shield mobility. (a and b) Initial clinical and peri-apical radiographic presentation. (c and d) The SST 
procedure was performed with immediate implant placement. (e) At 2 weeks postoperative, soft tissue granulation tissue was noted.  
(f) An esthetic buccal flap was raised to remove the loose shield. (g) Grafting of the defect was performed. (h) A pericardium membrane 
was secured using two tacks. (i) Clinical view of the final healing and restoration at 3 months postoperative. 
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At 2 weeks postoperative, the 
patient presented with a granuloma-
tous soft tissue growth on the buccal 
aspect of the socket shield (Fig 3c). 
An esthetic buccal flap was raised to 
assess the shield (Fig 3d). The buccal 
bone had resorbed, and the shield 
was loose. However, the implant still 
showed excellent stability, and it was 
decided to keep the implant in place. 
The exposed implant threads were 
decontaminated with an Erbium YAG 
(Er:YAG) laser (Waterlase 2.0, Biolase) 
as well as sodium bicarbonate spray. 
The osseous defect was grafted with 
alloplast particulate bone (Osteon) 
as well as a pericardium membrane 
(Jason membrane, Botiss) (Fig 3e). 
The membrane was secured with two 
bone tacks and was tucked around 
the implant neck (Fig 3f). The site was 
then covered with platelet-rich fibrin 
(PRF) membranes to enhance soft tis-
sue healing, and the flap was sutured 
with 6-0 sutures. Implant osseointe-
gration was confirmed via implant 
stability quotient values at 3 months 
postoperative (Fig 3g).

Discussion

Although numerous clinical studies 
have demonstrated the benefits of 
PET, several groups have demon-
strated that complications can occur, 
though they are typically manage-
able. Root fragment or submerged 
root exposure was common to all PET 
techniques. Most of the complica-
tions reported in the literature were 
successfully managed surgically, and 
implant osseointegration was main-
tained. Management ranges from 
no treatment/observation in shield 

exposure cases without signs of in-
flammation, to shield reduction in the 
case of inflammation, or extraction if 
the shield is mobile. 

The most common complication 
appears to be shield exposures and 
mobility. Gluckman et al reported 
root fragment exposure requiring 
surgical management due to a soft 
tissue deficiency that requires buccal 
flap advancement for shield closure 
and coverage.8 Bäumer et al reported 
soft tissue recession around root frag-
ments.20 A retrospective case series 
examining 128 sites reported 19.5% 
combined complication (25/128 
sites). Although 5 implants failed to 
osseointegrate and required removal, 
the remaining 20 complications were 
managed with implant survival, in-
cluding 16 shield exposures, 3 infec-
tions, and 1 shield migration.16 Stuani 
et al19 reported periapical radiolucen-
cy around an implant, which mani-
fested clinically as a buccal fenestra-
tion. The complication was managed 
surgically with curettage of the lesion 
and grafting with xenogeneic bone. 
At the 12-month follow-up, implant 
osseointegration was maintained and 
new radiographic bone formation ob-
served.19 Zuhr et al reported a case 
of shield mobility after 4 years with 
deep buccal probing depths. The 
complication was managed, and the 
implant survived.18 

Internal shield exposure is the 
most common PET complication. This 
can be due to lack of adequate space 
between the temporary prosthesis 
and tissue at the time of initial sur-
gery and/or excessive pressure from 
the temporary prosthesis. It is impor-
tant to ensure that the root shield is 
prepared to the bone crest with an 

adequate bevel to allow for tissue 
development around the abutment. 
In the case of an internal shield ex-
posure, a round diamond bur can be 
used to trim the exposed root down 
sufficiently. This allows for clot and 
epithelium formation to cover the 
exposed root fragment. Some fac-
tors for internal shield exposure are  
attributed to the overlying connec-
tive tissue thickness or to inadequate 
shield preparation down to the bone 
crest. In cases where the shield is 
left supracrestally above the buccal 
bone crest, it is more likely to be-
come exposed. Thus, shield reduc-
tion down to the level of the alveolar 
bone crest is a key factor in mini-
mizing the chance of internal shield 
exposure.

In cases where an external ex-
posure occurs, simply trimming the  
exposed root fragment with a dia-
mond bur will lead to soft tissue 
scarring. It is more appropriate to 
elevate a full-thickness flap, with 
a border separated approximately  
3 to 4 mm from the exposed root 
fragment. Using a diamond bur, trim 
the root fragment to the level of buc-
cal alveolar bone. At this time, plac-
ing a subepithelial connective tissue 
graft to thicken the soft tissue may 
be indicated depending on the cur-
rent keratinized tissue thickness. If 
the soft tissue is thick (3 to 4 mm), 
trimming the shield should be suf-
ficient to allow full epithelization over 
the exposure. However, if the soft 
tissue is thin, proceeding with soft 
tissue phenotype modification may  
beneficial.21,22 

The most likely reason for early 
shield mobility presented in Case 3 
is excessive thinning of the shield, 
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which may cause flexion. Thus, 
the buccolingual shield thickness 
should be about 1.5 to 2 mm, and 
the corono-apical dimension should 
be about two-thirds the length of 
the buccal root. The present case 
highlights a more profound defect 
following a complication from PET. 
In such cases, it is important to un-
derstand risk management and be 
capable of surgically repairing the 
defect area. When a mobile shield 
is loose, this often results in total 
buccal bone loss of the implant as 
well as a soft tissue defect that both 
requires immediate resolution. In the 
present case, adequate implant de-
contamination was required using 
an Er:YAG laser in combination with 
sodium bicarbonate trophy spray. 
It is worth noting that this area was 
then grafted with a bone graft to 
replace the buccal shield loss and 
was grafted with PRF to improve soft 
tissue healing.

It has been well documented 
in the literature that PRF favors soft 
tissue healing over hard tissues.23,24 
Therefore, when the socket shield is 
lost along with the buccal plate, the 
use of PRF (owing to its incorpora-
tion of leukocytes) often improves 
soft tissue healing and reduces the 
risk of infection during the healing 
process.23,24 

Conclusions

The three presented cases demon-
strate complication management 
strategies for the most common PET 
complications in full-arch implant 

dentistry and the anterior esthetic 
zone. Understanding the surgical 
and restorative considerations are 
critical in the prevention of complica-
tions associated with PET. Ultimately, 
careful case selection and meticu-
lous treatment execution by experi-
enced clinicians are key to success.
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