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Abstract: Many clinical procedures have been developed over the past 20 years
that are aimed at minimizing the volumetric loss that occurs when a tooth
isremoved. One procedure that has been developed and refined in an effort

to overcome alternate procedural limitations is partial extraction therapy
(PET). Integral to this technique is the purposeful retention and shaping of a
portion of the root of the extracted tooth. While it is generally understood that
the PET procedure has a positive effect on the retention of hard- and soft-
tissue volume with minimal complications, clinicians should have a biologic
understanding of why favorable results are able to be achieved with this

technique, as the literature is lacking such a biologic discussion.

LEARNING OBJECTIVES

« Discuss the importance of
minimizing the volumetric
loss that occurs following
tooth removal

* Explain how partial
extraction therapy works
and its intended effect on
the retention of hard- and
soft-tissue volume

* Describe biologically why
partial extraction therapy
is able to achieve favorable
results in implant treatment
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istorically, the implant clinician’s primary atten-

tion was on achieving successful osseointegration.

Although Branemark described this phenomenon

as direct apposition of livingbone onto the implant

(titanium) surface as viewed from the light-micro-
scopiclevel,! such observations cannot be made by clinicians, who
must therefore rely on alternative, biomechanically oriented defi-
nitions of osseointegration. Clinically successful osseointegration
hasbeen proposed as, “A process whereby clinically asymptomatic
rigid fixation of alloplastic materials is achieved, and maintained,
in bone during functional loading.”? Another definition of osseoin-
tegration claims a “functional ankylosis,” and it is further defined
asadirect, structural, and functional connection between ordered,
living bone and the surface of aload-bearing implant.*

The alveolar bone has been said to be a product of the tooth and
will “remain with the tooth in health.”> More specifically, it can be
inferred that, rather than being a product of the tooth, the alveo-
lar bone is an integral structure that, along with the periodontal
tissues—specifically the cementum, periodontal ligament (PDL),
and bundle bone—helps support the tooth. These seemingly indi-
vidual components—the alveolar bone, tooth, cementum, and
PDL—can be grouped as a singular comprehensive functional unit.
Clinicians now understand that unavoidable sequelae occur when a
410
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tooth islost, and when this comprehensive functional unithas one or
more critical components removed, resorption of the alveolar ridge
will ultimately ensue.® Therefore, it can be stated that tooth loss and
the resulting trauma to the hard tissue is accompanied by multiple
dimensional changes and remodeling of the alveolar ridge.”
Studies have demonstrated that there is a net resorptive loss of
50% of the alveolar width that occurs in the first 12 months after the
extraction of a tooth and associated periodontal tissues.'*'? This is
represented by anet deficit of an average of 5 mm to 7 mm of alveolar
bone.? Specifically, the alveolar ridge buccal dimension may expe-
rience horizontal resorption of about 56% and a reduction of the
lingual /palatal bone wall of 30% during the 4-month period follow-
ing tooth extraction.’ This is aresult of the buccal aspect of the alveo-
larbone being entirely composed of bundle bone, which itself may be
better understood as being calcified PDL fibers." Other studies have
proposed that two-thirds of this resorption, primarily of the buccal
plate, occurs in the first 3 months due to it being less robust than
palatal or lingual cortical plates.® Thus, the resulting morphology of
the alveolar ridge post-tooth loss (whether due to trauma, disease,
orplanned extraction) can present asignificant discrepancy inbone
height between the lingual and buccal plate,®*® a decrease in ridge
thickness as measured from buccal to palatal or lingual plates, or a
combination of the two."*1° The net pattern of the healing includes a
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fundamental alteration of the socket volume due to the resorption of
the most coronal portion of the alveolar bone (bundle bone), which is
functionally connected to the periodontal fibers of the tooth.

With the dental profession now having a better understanding
of local micro-anatomy, bone biology, and osseointegration on
a cellular and biochemical level than in the past, contemporary
practices focus on advancements in bioengineering of metaboli-
cally active materials and the creative development of techniques
and technology that may decrease postoperative complications,
thereby enhancing the predictability of osseointegration, function,
and ultimately esthetics.” ! Ultimately, clinicians are collectively
striving for the synthesis of clinically stable osseointegration with
maximum hard- and soft-tissue retention. The methodologies used
to achieve these endpoints are continually changing as innova-
tive techniques are combined with increased understanding of the
anatomical and biological influencers.

Discussion

Vascular Supply

It has been established that the critical vascular supply to the peri-
odontium and supportive alveolar bone is threefold**?*: (1) within

the periosteum of the alveolar bone (Figure 1); (2) within the cancel-
lous portion of the alveolar bone proper (Figure 1 and Figure 2); and

(3) avascular plexus within the PDL itself (Figure 2 and Figure 3).
This further clarifies the fact that not only does the periodontal

functional unit have components that are interdependent to each

other, but critical vascular supply to the alveolar bone is composed

of three unique units.

Disruption or loss of any one or two of these essential vascular
entities would be enough to tip the balance of buccal bone health
and survival into atrophy and loss. It is the intraseptal artery
contained within the alveolar bone that provides blood supply to
the vascular plexus of the PDL. After penetrating the cribriform
plate of the socket walls, these vessels create a lattice-like anas-
tomosis encompassing the root structure in a similar manner to
a basket.?* This appreciation for the presence of a critical blood
supply has also been reviewed as reported observations related
to the presence or absence of interdental papillae as a function of
the linear distance to the apex of the corresponding interseptal
bone.?”?” The authors discussed the critical nature of the blood
supply within the PDL to the survival of the interseptal bone, also
noting that this blood supply influenced the surrounding soft
tissues and their long-term contours.

Besides providing the critical vascular supply contained within,
the PDL plays a significant role in the alveolar bone remodeling
process. Through the presence or absence of inflammation within
the PDL complex, which ultimately may cause up- or down-regula-
tion of pro-inflammatory cytokines and other tissue health-modu-
lating molecules, the RANKL-OPG feedback loop may be influ-
enced. Ultimately, the net effect of this is the ability to promote bone
resorption and bone formation by the stimulation of osteoblasts
and/or osteoclasts.?® Additionally, the vascular network found
within the periodontal ligament has an essential function: that of
nutritional delivery of oxygenated hemoglobin, which provides an
increased oxygen tension to not only the cells within peri-radicular
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Fig 1 and Fig 2. Photomicrographs illustrating vascular supply to the
periodontium and supportive alveolar bone. Fig 1 shows the presence
of a vascular network within the periosteum on the buccal aspect of
the alveolar bone and within the cancellous aspect of the alveolar
bone. Fig 2 demonstrates the vascular blood supply found within the
PDL space adjacent to a tooth that has been sectioned in a buc-
colingual dimension. The blood supply to the cancellous bone and
periosteum is also demonstrated in this section. (Images republished
with permission of CV. Mosby Co., from Keller GJ, Cohen DW. Oral Surg
Oral Med Oral Pathol. 1955;8(5):539-542. Permission conveyed through
Copyright Clearance Center, Inc.) Fig 3. Histology demonstrating the
presence of blood vessels (BV) within the periodontal ligament (PDL).
This PDL spans the distance from the cementum (C) to alveolar bone
(AB). (Image republished with permission of John Wiley & Sons, from
Bosshardt DD, Bergomi M, Vaglio G, Wiskott A. J Anat. 2008;212(3):319-
329. Permission conveyed through Copyright Clearance Center, Inc.)

cellular cementum, but also the inner wall of alveolar bone, thus
forming the “lamina dura-periodontal ligament” or “bundle bone”
integral complex.?” When tooth loss occurs, the destruction of this
complex inevitably ensues, leading to alveolar bone resorption.
Since the PDL and the associated “bundle bone,” which repre-
sents calcified PDL fibers within the buccal wall, are present,**°
buccal bone loss is noted after tooth extraction.?**! Cone-beam
computed tomography (CBCT) analysis has been used to examine
these dimensional alterations that occur in the alveolar process of
incisor and premolar sites of the maxilla following tooth removal.’
Results demonstrated that the overall cross-sectional area was
411
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reduced from 99.1 mm?to 65 mm? height from 11.5 mm to 9.5 mm;
and width from 8.5 mm to 3.2 mm (incisal portion), 8.9 mm to 4.8
mm (middle portion), and 9 mm to 5.7 mm (apical portion).

Preventing Bone Loss

Over the past two decades, studies have been conducted to investi-
gate various protocols used to diminish or prevent bone loss after
dental extraction. These include immediate implant placement
protocols,®>3 soft-tissue augmentation procedures,**** palatally
biased positioning of the implant within the socket environment,*
the use of platform switching,** and several socket preservation

techniques such as “immediate dentoalveolar restoration” or the

Fig 4. Preoperative CBCT cross-sectional view demonstrating very thin
buccal cone. Fig 5. Preoperative clinical image of tooth No. 8 (1:1). A
thin scalloped phenotype, prone to collapse upon removal of the tooth,
was evident. Fig 6. Initial preparation of the buccal aspect of the root
to be retained. Fig 7. Finalized preparation utilizing the PET proto-

col, with implant placement in the No. 8 (1:1) position. An “S”-shaped
chamfer preparation was made internally to the retained buccal portion
of the root. Fig 8. CBCT at 1-year postoperative demonstrated the re-
tention of the buccal portion of the root as well as maintenance of the
buccal plate of bone. Beam hardening and volume averaging artifacts
can be noted in the CBCT cross-section. Fig 9. Facial view of clinical
appearance of facial tissues at 1-year postoperative follow-up.

Fig 10. Oblique view of single-tooth implant No. 8 (1:1) treated with
PET. Note the excellent retention of soft-tissue form around the resto-
ration reflecting maintenance of the supporting buccal plate of bone.
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“

ice cream” technique,* among others.* These techniques have all

demonstrated net positive effects on buccal alveolar bone morphol-
ogy; however, it has been found that over time the negative altera-
tions of the edentulous ridge and/or peri-implant tissues cannot

be completely prevented.***® Unfortunately, this hard-tissue loss

can limit the optimal placement of dental implant(s) and hinder

the overall esthetic outcomes of the prosthesis due to alterations

in the subcritical and critical peri-implant zones.

Contemporary clinical practices seem tobe seeing an increase in
patients who require immediate dental implants, primarily within
the esthetic zone* A fully intact buccal bone wall with a thickness
greater than 1 mm and an associated thick gingival phenotype have
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been noted as the principal anatomical requirements to consider

when treatment planning and placing an immediate implant.* It

has been suggested that when both of the aforementioned condi-
tions are present, there is a relatively low risk of recession of the

buccal gingiva and width reduction of the soft-tissue profile at the

neck of the implant prosthesis.” Any soft-tissue alterations are

biologically suggestive of underlying negative changes (net loss)

of the alveolar bone. Caution should be exercised because these

conditions are not present in most clinical cases.®> Measurements

of the buccal bone wall thickness found that 83% of cases had less

than 1 mm of buccal bone thickness while 50% had less than 0.5

mm thickness.” Other studies have demonstrated that 87% of cases

presenting for implant therapy in the anterior maxilla have less

than 2 mm of buccal bone thickness, thereby necessitating addi-
tional augmentation procedures.>*

Inan attempt to avoid horizontal and /or vertical alveolar resorp-
tion, the preservation of the dental root was first applied via the
root submergence concept, aimed at preserving the ridge dimen-
sions for full denture fabrication.>® Subsequent descriptions of
this method established definitive metrics by which success was
measured, additionally noting the resultant esthetics that occurred
upon maintenance of the soft tissues.”* Based on this concept, a
technique known as “socket shield” was described.®®* The aim of
this technique is to maintain the bundle bone on the buccal side,
through a partial root extraction, in order to preserve the crestal
bone at the original level. Recently, the concept of partial extraction
therapy (PET) was introduced and has been expanded to become
anumbrella term used to indicate all partial extraction procedures,
ie, socket shield, pontic shield, and root submergence therapy. PET
follows the same biological basis as was earlier established with the
socket-shield protocol, which remains the most frequently utilized
therapeutic intervention of the three available PET procedures.®

Socket Shield
Aretrospective evaluation of 128 socket-shield cases in the esthetic
zone and posterior sites reported a survival rate of 96.1%. The most
common complications noted were internal exposures (exposure of
the retained root within the peri-implant sulcus) followed by exter-
nal exposures (occurring on the external surface of the peri-implant
free gingivae) of the retained root shield.** In reaction to this noted
complication, modifications to the original socket-shield technique
were subsequently introduced and emphasized a reduced height of
the socket-shield remnant to be equal in height to the immediate
adjacentbone crestlevel and then preparation of a chamfer finish to
the coronal aspect of the shield’s internal dentin surface. This modi-
fication was designed to avert the internal exposure of the shield
and facilitate fabrication of a prosthetically modified provisional
restoration with an “S”-shaped emergence profile thereby enhanc-
ing the maximum potential of the resultant soft-tissue infill.®> This
modification reduces both internal and external exposures of the
socket shields (according to ongoing research by present author
HG and colleagues, which is yet unpublished). The technique is
depicted in Figure 4 through Figure 10.

Ina 2017 report, human histology, retrieved 5 years post-socket-
shield technique, clearly demonstrated the persistent existence
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Fig 11.

Fig 11. Histologic section demonstrating lack of inflammation (health)
of buccal bone, bundle bone, PDL, cementum, retained portion of
tooth (root membrane) and implant. The retained portion of root and
the buccal bone appeared to be intact without any signs of resorption.
Acid fuchsin-toluidine blue 12x. (Image republished with open-access
permission, from Mitsias ME, Siormpas KD, Kotsakis GA, et al. Biomed
Res Int. 2017;2017:7269467, an open-access article distributed under
the Creative Commons Attribution License.) Fig 12. Implant place-
ment No. 27 (4:3) after preparation of the root for PET protocol,
demonstrating the ability to ideally place the implant within the newly
prepared PET socket and maintain the integrity of the surrounding
soft tissues. Fig 13. Anatomically correct composite-customized heal-
ing abutment immediately affixed to implant at implant placement to
provide long-term physical support for the mucosal tissues. Fig 14.
Final restoration on implant placed into position No. 27 (4:3) with PET
protocol, illustrating the final esthetic outcome of this implant and as-
sociated restoration in a thin phenotype.
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of the buccal plate of bone without any deficiency of volume or

morphology (Figure 11).° Furthermore, an intact and healthy PDL

was evident and the implant demonstrated osseointegration at

the light-microscopiclevel with a high bone-to-implant contact of
76.2%. The root shield itself did not show any signs of resorption.
A critical observation of the author group was that the buccal bone

plate was supported and nourished by a healthy, intact PDL. It

follows that this nourishment is supplied by the vasculature struc-
tures found within the PDL space, thus providing substance to the

present authors’ thesis that the vascularity within the PDL space

is the biologic requisite for socket-shield success.

Recent published data has also examined the volumetric stabil-
ity of the ridges following the socket-shield technique. Volumetric
analysis was used to measure the 3-dimensional stability of the
alveolarridge following immediate implant placement with a socket
shield.®” The data showed minimal changes in the buccopalatal
dimensions, and it was concluded that the socket-shield technique
provided high esthetic outcomes and effective preservation of the
facial tissue contours.

Immediate post-extraction implant techniques designed to mini-
mize the volume of tissue loss, which can be considerable, continue
to be employed by clinicians.”*? It is unclear, however, whether or
not these protocols effect anet decrease in alveolar bone resorption
that occurs post-therapy. Nevertheless, several valid techniques for
augmentation of post-extraction sites are utilized and many have
been evaluated in randomized controlled trials.®®°° Yet, it is still
uncertain if these approaches can consistently reduce horizontal
and vertical resorption and whether any could be considered as the
premier augmentation technique.”

Inarandomized controlled clinical trial in 2011, the researchers
compared immediate implant placement with and without bone
grafting. Seven out of 74 implants placed failed, and this relatively
high rate was attributed also to possible infection of the grafts.”
Subsequently noted, when immediate implant placement was
conducted in conjunction with socket-shield preservation utiliz-
ing bone substitute grafting in the marginal gap, no infections
were reported.”>” Retention of the buccal aspect of the tooth root
for dental implant placement does not appear to interfere with
osseointegration, nor does it cause an inflammatory or resorption
response.® Conclusions drawn from these studies suggest that
retention of a buccal shield of root structure, comprising dentin,
cementum, PDL, and bundle bone, leads to an increase in the stabil-
ity of the hard and, thus, soft tissues without increased incidence
of implant infection. Inference has been drawn that in addition to
the retention of dentin, cementum, PDL, and bundle bone, itis the
blood supply contained within the PDL that provides the requisite
nutrients and oxygen tension to inhibit the resorption of the bundle
bone thereby keeping the buccal alveolar bone intact.

Recent evaluation of current evidence on the socket-shield tech-
nique has provided data points related to results and complications
associated with this technique.””> However, both of these reviews,
which included not only human but also animal studies and case
reports, showed complications after root fragments were unin-
tentionally retained, without restriction of follow-up time for the
outcome observations; therefore, there was no demonstratable
414
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heterogeneity of data accumulation. Limitations of these reviews
include the lack of long-term follow-up and the inadequate defini-
tion of the outcomes as analyzed, ultimately leading to non-homo-
geneous data being included in the reports.

Of note, evaluation of outcome metrics from implant sites
performed with socket shields concluded that the socket-shield
technique has short-term positive effects related to changes in
width and height of buccal bone plate, peri-implant marginal bone
levels, esthetic outcomes,” marginal bone loss reduction, changes
in buccal bone width, and higher pink esthetic score (Figure 12
through Figure 14).777°

Inrandomized controlled trials, after 6 months of observation,
significantly less vertical and horizontal buccal bone resorption
and less midfacial mucosal recession was found in a socket-shield
group compared to a group comprised of conventional immedi-
ate implant placement and provisionalization.® In a second study,
with observations made 1 year following implant restoration, a
group with xenograft placed as a gap grafting material demon-
strated similar results.®!

Conclusion

The maintenance of buccal bone volume in implant therapy contin-
ues tobe a challenge, as confirmed by the numerous augmentation

procedures historically employed. Partial extraction therapy, or
socket-shield therapy, appears to be a promising technique that

provides the practitioner a single procedure in which the buccal

plate of bone and overlying soft-tissue contours can be maintained,
resultant 3-dimensional alterations to the alveolar ridge profile

minimized, and highly esthetic results achieved. The success of this

technique is due largely to retention of the intra-PDL blood supply,
which, in turn, promotes maintenance of the peri-implant hard and

soft tissues and, consequently, esthetics. More research with larger
cohorts is necessary to further validate this technique.
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1. Branemark described osseointegration as direct apposition 6.
of living bone onto the implant surface as viewed:

A. ona scanning electron microscope.

B. ona transmission electron microscope.
(. from the light-microscopic level.

D. froma (BCT scan.

2. The periodontal tissues are composed of:
A. dentin, cementum, and periodontal ligament (PDL). 1
B. cementum, PDL, and bundle hone.
(. cementum, PDL, bundle bone, and alveolar bone.
D. dentin, PDL, and alveolar hone.

3. Two-thirds of alveolar bone resorption that takes place
following tooth extraction occurs:

A. inthe first month. 8.
B. inthe first 3 months.

(. after 12 months.

D. due to the robust nature of the buccal plate.

4. Vascular supply to the periodontium and supportive
alveolar bone comes from:

A. within the periosteum of the alveolar bone.

B. within the cancellous portion of the alveolar bone proper.
(. avascular plexus within the PDL itself.

D. Al of the above

5. ThePDL plays a key role in alveolar bone remodeling,
with bone resorption and bone formation promoted by
stimulation of:

A osteocytes and fibroblasts. 0.
B. cytokines and RANKL.

(. osetoclasts and osteoblasts.
D. osetocells and osteons.
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Studies have shown that what percentage of cases
presenting for implant therapy in the anterior maxilla have
<2 mm of buccal bone thickness?

A 7%
B. 27%
C 57%
D. 87%

The most frequently utilized partial extraction therapy
(PET) procedure is:

A. socket shield.
B. pontic shield.
(. root submergence.
D. platform shift.

In a retrospective evaluation of 128 socket-shield cases,
the most common complications were internal and external
exposures of:

A. implant threads.

B. the retained root shield.
(. hone graft material.
D. the healing abutment.

Retention of the buccal aspect of the tooth root for
dental implant placement reportedly:

A. causes chronic inflammation.

B. leads to the resorption of the retained root.

(. likely interferes with osseointegration.

D. does not appear to interfere with osseointegration.

What provides nutrients and oxygen tension to inhibit the
resorption of bundle bone, thereby keeping the buccal
alveolar bone intact?

A. the blood supply within the PDL

B. the process of osseointegration

(. the retention of the buccal gingivae

D. None of the above
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