W) Check for updates

Received: 15 May 2022 Accepted: 21 June 2022

DOI: 10.1002/cap.10216

Charles A. Powell’ | Alicia Casarez-Quintana’ | Jacob Zellner' | Omar Al-Bayati’ |

Kerri Font?

"Department of Periodontics, UT Health San
Antonio, San Antonio, Texas

Abstract

Background: Since the introduction of sinus augmentation in the 1970s the
procedure has been performed with or without biomaterials. Autologous blood
products (ABPs) for use in sinus augmentation was first introduced in the 2000s,
to aid potentially in bone and soft tissue healing.

Methods: Three different applications of leukocyte- and platelet-rich fibrin (L-PRF)
in maxillary sinus augmentation are presented in this case series. In case 1, L-PRF is
used in bilateral sinus augmentation to support placement of implants to support
a maxillary hybrid denture. Case 2 highlights the use of L-PRF in a complica-
tion associate with Schneiderian membrane elevation. Case 3 provides histology
taken at the time of implant placement 6 months following L-PRF/xenograft sinus
augmentation.

Results: All cases resulted in the successful placement of dental implants. In
case 2, an osseodensification procedure was performed with freeze-dried bone
allograft, which provided an approximate 4 mm of additional vertical height for
implant placement. Histology from case 3 at 6 months post sinus augmentation
demonstrated the presence of new vital bone in contact with the xenograft.
Conclusion: To date, there is only a limited amount of evidence reporting on
platelet-rich fibrin (PRF) or L-PRF use in maxillary sinus augmentation. Bone gain
from either product has ranged from 3.2 to 11.8 mm, with the percentage of newly
formed bone reported in case series as 33% =+ 5%. Despite the lack of strong evi-
dence, L-PRF appears to have beneficial effects on bone regeneration when used
in sinus augmentation.
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nique involved access to the sinus via a lateral window.
Graft materials used in this procedure include autogenous

A challenge encountered in implant dentistry is placement
of implants in an atrophic maxilla. Deficiencies in hard and
soft tissues, as well as pneumatization of the maxillary
sinus can be encountered. When deficiencies are present
in the posterior maxilla, augmentation of the maxillary
sinus is considered. There has been a continual evolution
in the methods and materials used in augmentation of
the maxillary sinus. Though Tatum first discussed sinus
augmentation in 1977, the first publication of a sinus lift
procedure was by Boyne and James in 1980." Their tech-

bone, allografts, xenografts, or combinations of the various
materials.” Others such as Lundgren et al.> reported in 2004
one of the first reports of bone reformation in the max-
illary sinus of humans with no grafting materials utilized.
The first human histologic evidence of new bone formation
in the maxillary sinus with only membrane elevation sup-
ported by dental implants was reported by Sohn et al. in
2008. In 10 patients with an average residual bone height
of 5 mm (range 1-9 mm) blood only filled the space cre-
ated by the Schneiderian membrane elevation. At 6 months
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biopsies obtained from the maxillary sinuses demonstrated
new bone formation.*

Autologous blood products (ABPs) represent a different
approach to consider when grafting a maxillary sinus. Their
use in combination with a grafting material or as a stand-
alone material can provide a reservoir of growth factors that
can act directly on osteoblasts, endothelial cells, chondro-
cytes, and fibroblasts.? Specifically, platelet-rich fibrin (PRF)
contains transforming growth factor 81 (TGF 1), platelet-
derived growth factor (PDGF), vascular endothelial growth
factor (VEGF), and interleukin (IL)-1p3, IL-4, and IL-6.5 These
products along with leukocytes within the fibrin network
can be key to tissue regeneration with their angiogenic
potential, immune system control, potential to recruit circu-
lating stem cells, and their ability to promote wound closure
by epithelial tissues.”

In this case series, we present three approaches to graft-
ing of a maxillary sinus using leukocyte-platelet-rich fibrin
(L-PRF). The first case will highlight the use of L-PRF over the
lateral window in a sinus grafted with an allograft/xenograft
combination. The second case will demonstrate the use
of L-PRF alone when a Schneiderian membrane tear pre-
cluded the use of other materials. The third case will utilize
an L-PRF/xenograft combination to graft the maxillary
sinus.

A 69-year-old male presented to the Graduate Periodontics
department at UT Health San Antonio (UTHSCSA) for com-
prehensive treatment. The patients’ chief complaint was to
restore masticatory function and esthetics of his partially
edentulous maxillary arch. His medical history consisted of
chronic sinusitis, asthma, and a 10 pack-year smoking his-
tory. Fexofenadine was used as needed by the patient for
seasonal allergies.

Upon clinical evaluation, the patient had a termi-
nal maxillary dentition secondary to caries and coro-
nal tooth fractures, endodontically involved teeth #6,
#10-#12, #15, moderate two-body generalized wear, and
bilateral pneumatized maxillary sinuses. A prosthodontic
evaluation was completed, and the patient was treat-
ment planned for replacement of the maxillary dentition
with six dental implants for a maxillary hybrid prosthe-
sis. A decision was made to not place implants imme-
diately at the time of maxillary extractions due to the
size of endodontic lesions associated with #6, #10-12,
and #15, the need for bilateral sinus augmentation, and
the patients’ high functional load evident by his two-
body wear and opposing natural dentition. The patient
was initially referred to a Board-certified otolaryngolo-
gist for evaluation of chronic sinusitis. After evaluation,
the otolaryngologist performed a septoplasty with bal-
loon sinuplasty to treat the diagnosed chronic sinusi-

tis. The patient was subsequently returned to Graduate
Periodontics.

Prior to treatment, the patient was provided with a thor-
ough discussion of the treatment plan, and verbal and
written informed consent was obtained for the surgical
and restorative treatment plan. Surgical treatment began
with extraction of all maxillary teeth with ridge preserva-
tion and delivery of an immediate maxillary denture. Ridge
preservation was performed at potential implant sites since
pooled analysis of different ridge preservation treatment
modalities have shown benefits in preventing horizon-
tal resorption, vertical midbuccal and vertical midlingual
bone changes.” The patient was then allowed to heal four
months prior to sinus augmentation surgery. Bilateral sinus
augmentations were performed over two separate appoint-
ments. L-PRF use was planned for each procedure. The
procedure was completed with moderate sedation and
local anesthesia. On each side of the maxilla, a midcre-
stal incision was made on the edentulous ridge, with two
vertical releasing incisions, one at the anterior aspect of
the flap and the second at the posterior aspect of the
flap. Mucoperiosteal flaps were reflected 20 mm from the
crest of the ridge until complete visualization of the lateral
wall of the maxillary sinus was observed. A lateral win-
dow was created on each side using a round diamond
bur in a high-speed electric handpiece and Piezo tips with
copious irrigation. The bone remaining attached to the
Schneiderian membrane was rotated medially and superi-
orly into the sinus. The Schneiderian membrane was ele-
vated approximately 14 mm based on the planned implant
size, length, and amount of ridge reduction required for
prosthetic space (Figure 1). No evidence of membrane
perforation was observed. L-PRF was prepared with a cen-
trifuge (Intraspin, BioHorizons, Birmingham, AL) according
to the manufacturer’s instructions for “sticky bone” proto-
col and L-PRF membranes. The platelet poor plasma was
separated from the L-PRF after 3 min at 2700 revolutions
per minute (RPM) and mixed with a 50%/50% combination
of freeze-dried bone allograft (Freeze-Dried Bone Allograft,
Straumann USA, Andover, MA) and anorganic bovine bone
xenograft (Bio-Oss, Geistlich Pharma North America, Prince-
ton, NJ), with 3.0 cc total placed into the sinus. A collagen
(BioGide, Geistlich Pharma North America, Princeton, NJ)
25 X 25 mm barrier membrane was trimmed and placed
over the lateral window osteotomy. The L-PRF membranes
(spun for additional 9 min at 2700 RPM) were then placed
over the grafted lateral window and collagen membrane
(Figure 2) and the flap was repositioned and stabilized
with 4-0 dense polytetrafluoroethylene sutures in single
interrupted and continuous interlocking fashion. The ver-
tical releasing incisions were closed with 5-0 chromic gut.
Medications for postoperative management were 600 mg
of Ibuprofen, 500 mg of acetaminophen every 4-6 hours,
amoxicillin/clavulanic acid 875/125 starting one full day
prior to surgery every 12 hours for seven days, a Medrol
Dose Pack starting one day prior to surgery, and 0.12%
chlorhexidine mouthrinse. The same medication protocol
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FIGURE 1 Preparation of the lateral window
with Schneiderian membrane elevation. The
lower panel shows the approximate vertical
elevation obtained.

FIGURE 2 All photos are of the maxillary
right surgery. Upper left photo shows L-PRF
placed over the grafted lateral window. Upper
right photo shows placement of L-PRF over a
collagen membrane. Bottom photograph shows
immediate postoperative wound closure.
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was followed for the patient’s right side and the patient was
allowed to heal undisturbed for six months following sinus
augmentation surgery while wearing a complete maxil-
lary denture. Postoperative care was provided after each
surgery at two weeks for suture removal. Thereafter the
patient was seen at four weeks, three and six months. The
patient reported no postoperative complications, and there
were no wound dehiscences or signs of infection at any
postoperative visit. A new CBCT was obtained at six months
(Figure 3) prior to the placement of six dental implants at
sites #3, #5,#7,#10,#12,and #14. Allimplants demonstrated
an insertion torque >35 Ncm at placement. The existing
maxillary denture was converted by a prosthodontic resi-
dent on the day of implant placement to an interim hybrid
prosthesis. A final hybrid prosthesis will be constructed
following six months of implant healing.

A 65-year-old male presented to the Graduate Periodontics
department at UTHSCSA for comprehensive treatment. The

CBCT obtained 6 months post sinus
augmentation

patient was seeking care for placement of a dental implant
in the left maxillary posterior region. His medical history
was positive for hypertension, hypercholesterolemia, and
depression. Medications reported were sertraline 100 mg
daily, fenofibrate 5 mg daily, and rosuvastatin 10 mg daily.
Implants were present at sites #7, #9 and #11. Cone beam
computed tomography (CBCT) revealed approximately
3.5 mm of vertical bone height at the #14 edentulous site
(Figure 4).

Examination findings were discussed with the patient
and verbal and written informed consent were obtained for
the surgical procedures and restorative plan. Lateral win-
dow sinus augmentation was performed at the maxillary
left sinus. The procedure was completed under moder-
ate sedation with local anesthesia. Sulcular incisions were
made from the mesial of #13, midcrestal at the edentu-
lous area, and sulcular at #15 with vertical release distal
to #15. A mucoperiosteal flap was reflected approximately
15 mm from the crest of the ridge until complete visualiza-
tion of the lateral wall of the maxillary sinus was observed. A
10 mm X 8 mm window was made using a round diamond
bur in a high-speed electric handpiece and Piezo tips with
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Preoperative CBCT. Approximately 3.5 mm of vertical bone height is present at the #14 edentulous site.

copious irrigation on the lateral wall of the sinus. Intraoper-
atively Schneiderian membrane adhesions were found on
the inferior aspect of the sinus. Medical history was incon-
clusive as to the reason why adhesions were found. While
attempting to free the adhesions, the Schneiderian mem-
brane tore approximately 10 mm. Due to the size of the
tear, L-PRF alone was placed in the sinus to aid in blood
clot formation and help support the elevated Schneiderian
membrane. L-PRF was prepared with a centrifuge (Versah,
Jackson, MI) according to the manufacturer’s instructions,
spun for 12 min at 2700 RPM. A collagen membrane (Zim-
mer TSV, Zimmer Biomet, Carlsbad, CA) was placed over the
window and primary closure was obtained with 4-0 dense
polytetrafluoroethylene single interrupted sutures, and the
vertical releasing incision was closed with 5-0 chromic gut.
Medications for postoperative management were 600 mg
of Ibuprofen, 500 mg of acetaminophen every 4-6 hours,
amoxicillin/clavulanic acid 875/125 every 12 hours starting
one day prior to surgery for 7 days, and 0.12% chlorhex-
idine mouthrinse. At six months, a new CBCT was taken,
which demonstrated a gain of 4.5 mm of vertical bone
height (Figure 5), for a total of 8.0 mm of vertical height.
At eight months, an osseodensification procedure was per-
formed according to the Densah Sinus Lift Protocol | with
freeze-dried bone allograft, which provided an approxi-
mate 4 mm of additional vertical height. A 4.7 X 10 mm
implant (Salvin Variable Speed Centrifuge, Salvin Dental,
Charlotte, NC) was placed, with an insertion torque of 35
Ncm (Figure 6). The patient reported no postoperative
complications, and at 3 months postimplant placement,
the implant was uncovered and a healing abutment was
placed.

A 68-year-old female presented to Graduate Periodontics
at the University of Colorado School of Dental Medicine
(CUSDM) requesting evaluation for implant placement at
site #3 (Figure 7). Her medical history was positive for type 2
diabetes mellitus, hypertension, and ulcerative colitis. Med-
ications reported were verapamil, losartan, mesalamine,
fluticasone, and valacyclovir. At the time of surgery, the
patient’s latest HbA1c was 6.3%, and diabetes was con-
trolled by diet and exercise. CBCT evaluation showed a
pneumatized right maxillary sinus with insufficient vertical
bone height to support an implant.

Following a thorough discussion of exam findings verbal
and written informed consent was obtained for the surgical
and restorative treatment plan. Lateral window sinus aug-
mentation was performed under moderate sedation with
local anesthesia. Sulcular incisions were made from the dis-
tal of #2 to the distal of #5, with midcrestal incision at the
edentulous site. Vertical releasing incisions were placed at
#2 distal and #4 mesial. A mucoperiosteal flap was reflected
approximately 25 mm from the crest of the ridge until
complete visualization of the lateral wall of the maxillary
sinus was observed. A 10 X 10 mm lateral window was cre-
ated by removing all bone over the window with a round
diamond bur in a high-speed handpiece and Piezo tips.
The Schneiderian membrane was elevated approximately
15 mm vertically and was observed to be thin. Blood was
drawn and L-PRF was prepared using a centrifuge (Salvin
Variable Speed Centrifuge, Salvin Dental, Charlotte, NC) set
at 2700 RPM for 12 min. One L-PRF membrane was placed
over the Schneiderian membrane, with a second L-PRF cut
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FIGURE 5  Six months post sinus augmentation CBCT radiographically suggests an approximate gain of 4.5 mm of vertical bone height over

preoperative CBCT.

FIGURE 6 Implant placement procedure. Osseodensification preparation is shown on the upper left panel. Implant placement is shown on the

upper right panel. Implant with final restoration is shown at lower radiograph.

up and mixed with a porcine xenograft (Z-Core, Osteogen-
ics, Lubbock, TX). The combination L-PRF/xenograft was
placed within the sinus, and the window was covered with
a porcine collagen membrane (MemLok Pliable, BioHori-
zons, Birmingham, AL) (Figure 8). A third L-PRF membrane
was then placed over the collagen membrane, the flap

was repositioned, and sutured with a horizontal mattress
and interrupted 4-0 dense polytetrafluoroethylene sutures.
Medications for postoperative management were 600 mg
of Ibuprofen, 500 mg of acetaminophen every 4-6 hours,
azithromycin 500 mg starting one day prior to surgery
followed by azithromycin 250 mg the next four days,
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FIGURE 8 Top left panel demonstrating lateral window preparation. Top right panel shows L-PRF placed over the elevated Schneiderian membrane.
Bottom left panel shows “cut-up” L-PRF mixed into xenograft. Bottom right panel shows L-PRF/xenograft combination being placed into the lateral

window.

and 0.12% chlorhexidine mouthrinse. Six months follow-
ing surgery a 4.3 X 11.5 mm implant (NobelReplace, Nobel
Biocare, Yorba Linda, CA) was placed at the #3 site at an
insertion torque of 35 Ncm (Figure 9). A trephine core was
collected at the site from the crest of the ridge for histology
(Figure 10). The histologic core demonstrates the presence
of new vital bone in contact with the xenograft.

DISCUSSION

L-PRF use in sinus augmentation has been documented in
recent years in combination with various biomaterials or as
a sole material. The cases presented highlight the versatility
of L-PRF to promote bone healing in a variety of different
applications.

Following injury there are four overlapping phases of
wound healing: initial hemostasis, an inflammatory phase,
a proliferative phase, and a remodeling phase. Platelets
regulate hemostasis through vascular obliteration and facil-
itating fibrin clot formation. In the inflammatory phase,
white blood cells and platelets release cellular products
that initiate the healing process. If platelet-rich fibrin (PRF)
is applied to a wound site, the concentrated growth fac-
tors present within PRF augment the healing process by
mediating cell migration, proliferation, and differentiation.?

Our second case utilizing L-PRF alone produced an
approximate 4.5 mm in vertical bone gain as demonstrated

on CBCT. This compares favorably to one other study’
where a lateral window approach was used with L-PRF, and
mean bone gain was found to be 5.4 + 1.5 mm. This study
also utilized immediate implant placement to support the
Schneiderian membrane. Two studies'®'" reported bone
gain of 10 mm (range 7-13 mm) with L-PRF. To date,
only one study'® has reported on the amount of newly
formed bone from the sole use of L-PRF. That study found
histologically 33% + 5% new bone after six months of
healing.

The influence of PRF on soft tissue healing in humans
is emerging. In a recent systematic review,'” nine of
13 studies using appropriate controls reported results
favoring the use of PRF in soft tissue regeneration and
wound healing. Data on the use of PRF with biomate-
rials when assessed by pooled analysis has shown that
radiographically there are no statistically significant dif-
ferences in mean augmented bone height.'" Histomor-
phometric assessment has reported new bone formation
with PRF and biomaterials to range from 17% to 45%,
compared to new bone formation of 13%-33% with bio-
materials alone.”® Meta-analysis showed 1.98% more new
bone formation when PRF was added to biomaterials,
although findings were not statistically significant and
there was moderate heterogeneity'' between the studies.
As for residual biomaterial, pooled analysis showed statis-
tically significant less residual biomaterial (4.60%) with PRF
use.”?
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FIGURE 9 Top and middle panels show six months post sinus
augmentation. Bottom panel periapical radiograph shows implant
placement into grafted site.

CONCLUSION

While to date there is not robust evidence on the use of
ABPs in sinus augmentation procedures, there is a trend
suggesting that L-PRF may offer an advantage to the clin-
ician through enhanced bone formation and soft tissue
healing. Due to the presence of growth factors, osteoinduc-
tion as well as enhanced revascularization may occur.
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FIGURE 10 Atrephine core taken at the time of implant placement,
six months post sinus augmentation (H&E staining). The bottom third of
the slide demonstrates the existing native bone. The middle and top third
demonstrates xenograft particles and the formation of new vital bone in
contact with some of the xenograft.

CONFLICT OF INTEREST
All authors declare no conflict of interest.

REFERENCES

1.

Boyne P, James R. Grafting of the maxillary sinus floor with autoge-
nous marrow and bone. J Oral Surg. 1980;38:613-616.

. Al-Moraissi E, Alkhutari A, Abotaleb B, et al. Do osteoconductive bone

substitutes result in similar bone regeneration for maxillary sinus aug-
mentation when compared to osteogenic and osteoinductive bone
grafts? A systematic review and frequentist network meta-analysis. Int
J Oral Maxillofac Surg. 2020;49:107-120.

. Lundgren S, Andersson S, Sennerby L. Bone formation with sinus

membrane elevation: a new surgical technique for maxillary sinus
floor augmentation. Clin Implant Dent Relat Res. 2004;6:165-173.

. Sohn D, Lee J, Ahn M, Shin H. New bone formation in the maxillary

sinus without bone grafts. Implant Dent. 2008;17:321-331.

. Miron RJ, Zucchelli G, Pikos MA, et al. Use of platelet-rich fib-

rin in regenerative dentistry: a systematic review. Clin Oral Invest.
2017;21:1913-1927.

. Dohan DM, Choukroun J, Diss A, et al. Platelet-rich fibrin (PRF):

a second-generation platelet concentrate. Part II: platelet-related
biologic features. Oral Surg, Oral Med, Oral Pathol Oral Radiol
Endod;101:e45-e50. https://doi.org/10:1016/j.tripleo.2005.07.009

. Avila-Ortiz G, Chambrone L, Vignoletti F. Effect of alveolar ridge

preservation interventions following tooth extraction: a systematic
review and meta-analysis. J Clin Periodontol. 2019;46(21):195-223.
Supp.

. Fan'Y, Perez K, Dym H. Clinical uses of platelet-rich fibrin in oral and

maxillofacial surgery. Dent Clin North Am. 2020;64:291-303.

. Molemans B, Cortellini S, Jacobs R, Pinto N, Teughels W, Quirynen

M. Simultaneous sinus floor elevation and implant placement using
leukocyte- and platelet-rich fibrin as a sole graft material. Int J Oral
Makxillofac Implants. 2019;34:1195-1201.

35U SUOLUWIOD BAERID 3|ced e By A peuienoB e So e YO 88N J0S8IN. 10 ARIqIT BUIIUO AB|IA O (SUONIPLOD-PUR-SLLLBIALICD" B 1 ALR1d]1jou [U0//Sd L) SUORIPUOD PUe SWB 1 3U) 885 *[2202/TT/0] U0 ARIqIT 8UIUO AB1IM ‘3 L Ad 9TZ0T ded/z00T 0T /10p w00 A |imAke.qpu uo-dee//:sdiy o1y papeojumod ‘0 *260089TZ


https://doi.org/10:1016/j.tripleo.2005.07.009

10 POWELL ET AL.
10. Mazor Z, Horowitz RA, Del Corso M, Prasad HS, Rohrer MD, Ehrenfest lary sinus augmentation: systematic review. Materials. 2020;13:622-
D. Sinus floor augmentation with simultaneous implant placement 655.
using Choukroun’s platelet-rich fibrin as the sole grafting mate-
rial: a radiologic and histologic study at 6 months. J Periodontol.
2009;80:2056-2064.
11. Simonpieri A, Choukroun J, Del Corso M, Sammartino G, Ehrenfest . . .
D. Simultaneous sinus-lift and implantation using microthreaded How to cite this article: Powell CA,
implants and leukocyte- and platelet-rich fibrin as sole grafting Casarez-Quintana A, Zellner J, Al-Bayati O, Font K.
material: a six-year experience. Implant Dent. 2011;20:2-12. The application of Ieukocyte— and platelet-rich fibrin
12. Miron R, Fujioka-Kobayashi M, Bishara M, Zhang Y, Hernandez M, (L-PRF) in mainIary sinus augmentation. Clin Adv
Choukroun J. Platelet-Rich fibrin and soft tissue healing: a systematic Periodontics. 2022:1-10
review. Tissue Eng Part B Rev. 2017;23:83-99. o ! :
13. Ortega-Mejia H, Estrugo-Devesa A, Saka-Herran C, Ayuso-Montero https://don.org/1 0.1002/cap.10216

R, Lopez-Lopez J, Velasco-Ortega E. Platelet-rich plasma in maxil-

85UB017 SUOWILIOD BAITeRID 8 |gedl(dde au Ag peusenob ale sejoiie WO ‘8sn J0 Se|n Joy AeiqiauluQ A8]IAN UO (SUOTIPUOD-pUe-SWLR)W0Y" A8 1M AReIq 1 BUI|UO//:SANY) SUONIPUOD PUe SWe | 8U18es *[2202/TT/y0] o Akeiqiauluo 481 ‘158 L Aq 9TZ0T deo/z00T 0T/I0p/Wod A3 | Im Akelq Ul juo-dee//:sdy Wwolj pepeojumod ‘0 ‘2600912


https://doi.org/10.1002/cap.10216

	The application of leukocyte- and platelet-rich fibrin (L-PRF) in maxillary sinus augmentation
	Abstract
	INTRODUCTION
	METHODS AND RESULTS
	Case 1
	Case 2
	Case 3

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	REFERENCES


