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MAxILLARY SINUS ELEvATION BY LATERAL 
WINDOW APPROACH: EvOLUTION Of 
TECHNOLOGY AND TECHNIqUE
Stephen S. Wallace DDS1, Dennis P. Tarnow DDS2, Stuart J. Froum DDS3, Sang-Choon Cho DDS4, 
Homayoun H. Zadeh DDS, PhD5, Janet Stoupel DMD6, Massimo Del Fabbro BSc, PhD7, Tiziano Testori MD, DDS8

ABSTRACT
Context: The maxillary sinus elevation procedure has become an important pre-
prosthetic surgical procedure for the creation of bone volume in the edentulous 
posterior maxilla for the placement of dental implants. Research and clinical experi-
ence over the past 30 years has increased the predictability of this procedure as 
well as reduced patient morbidity.

Evidence Acquisition: Data on grafting materials and implant survival rates comes 
from 10 published evidence-based reviews that include all relevant published data 
from 1980 to 2012. Supporting clinical material comes from the experience of the 
authors.

Evidence synthesis: The evidence-based reviews report and compare the implant 
survival rates utilizing various grafting materials, implant surfaces, and the use or 
non-use of barrier membranes over the lateral window. Clinical studies report on 
complication rates utilizing piezoelectric surgery and compare them to complica-
tion rates with rotary instrumentation.

Conclusions: The conclusions of all the evidence-based reviews indicate that the 
utilization of bone replacement grafts, rough-surfaced implants, and barrier mem-
branes result in the most positive outcomes when considering implant survival. 
further, the utilization of piezoelectric surgery, rather than rotary diamond burs, 
for lateral window preparation and membrane separation leads to a dramatic re-
duction in the occurrence of the intraoperative complications of bleeding and 
membrane perforation.

InTRoDuCTIon
Maxillary sinus elevation became part of our pre-prosthetic surgical armamen-
tarium after being first presented by Tatum1 in 1977 and first published by Boyne 
and James2 in 1980. We presently have 32 years of clinical research and surgical 
experience with many innovations in techniques and technology and, yet, there is 
still no consensus with regard to grafting materials or as to which surgical technique 
leads to the best clinical outcome. 

One must bear in mind that consensus is not an easy task in either case, owing to 
the unparalleled introduction of new grafting materials and biomimetic enhance-
ment factors, as well as the continuous reinvention of the surgical technique.  

This article follows the evolution of the 2 most important trends in  lateral win-
dow sinus augmentation surgery: the transition from autogenous bone to bone 
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EvoluTIon of gRAfTIng MATERIAlS
Autogenous bone has always been considered the “gold stan-
dard” of grafting materials. The rationale is that with an autog-
enous graft, bone formation can occur through the multiple 
pathways of osteoinduction, osteoconduction, and osteogen-
esis. It is therefore reasonable that autogenous bone was the 
early standard for maxillary sinus augmentation. Because of 
the relatively large volume of grafting material required, early 
donor sites were extraoral, coming from the hip, tibia, and 
cranium. In fact, as late of 1996, the majority opinion of the 
Academy of Osseointegration Consensus Conference3 was 
that autogenous bone was appropriate for sinus grafting and 
that allografts, alloplasts, and xenografts may be effective in 
selected clinical situations.

from 2003 until the present there have been 10 evidence-
based reviews reporting on the efficacy of all forms of graft 
materials.4-13 The reviews are in agreement that more fa-
vorable results have been achieved with bone replacement 
grafts than with autogenous bone. “Success” in these reviews 
is reported as the secondary outcome measure of implant 
survival. All the listed reviews report implant survival rates 

replacement grafts as a donor material and the desire to de-
velop a surgical technique that is simpler to perform and has 
the least chance for complications.

It must be realized that this review is performed with the 
understanding of the following limitations:

1.  It is not possible, or necessary, to discuss every bone re-
placement graft available to reach a consensus on trends.

2.  We must accept the fact that success is usually measured 
by the secondary outcome measures of percentage of vi-
tal bone formed (histologic) or by implant survival rates 
(clinical) rather than by the success of the actual surgical 
procedure. 

3.  We do not know what percentage of vital bone must be 
formed to result in implant survival. 

4.  Our data is in many instances subject to the effects of 
confounding variables (more than 1 variable may be re-
sponsible for the observed outcome). 

TaBlE 1. Implant survival with minimum loading time of 1 year6

implant survival with different sinus grafting materials

• alloplasts 81.0%

• iliac crest 88.0%

• composite grafts 92.0%

• allograft 93.3%

• 100% xenograft 95.6%

Aghaloo TL, Moy PK Int J Oral maxillofac Implants 2007;22:49-70

TaBlE 2. Implant survival with minimum loading time of 3 years13

• ridge height ≥5 mm vs <5mm 94.5%, 92.7%

• simultaneous vs delayed 96.0%, 93.3%

• rough vs machined 96.6%, 81.0%

• 100% BRG vs 100% autogenous 96.3%, 85.3%

• prospective vs retrospective 96.4%, 89.4%

• graft material / implant surface confounding variables

Del fabbro M, Wallace S, Testori T Int J Periodontic Rest Dent (accepted 2011)

TaBlE 3. Implant survival of all implants compared with rough-surfaced implants only: 1-year minimum 
loading time7

1 year implant survival excluding machine-surfaced implants

all rough only

100% autogenous particulate 94.3% 98.7%

100% autogenous block 92.6% 99.9%

composite 98.5% 98.9%

100% bone replacement graft 97.4% 98.9%

Pjetursson BE, Lang N, et al J Clin Periodontol 2008;35(suppl 8):216-240
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xenograft are surrounded in part by new vital bone, and 
through that mechanism they are joined to approximating 
particles (fig. 1).

Long-term maintenance of the early histologic results ob-
tained with xenogeneic bone has been shown at 9 years by 
Traini et al14 and at 11 years by Mordenfeld et al.15 

One question that has long been unanswered is the relation-
ship of xenograft particle size to vital bone formation. A study 
by Chackartchi et al16 reported a nonsignificant difference 
between small and large particle grafts; however, a recent 
study by Testori et al17 has shown a statistically significant dif-
ference with vital bone formation of 26.8% versus 18.8% at 6 
months for large and small particle size respectively.

There are both histologic18,19 and clinical studies dem-
onstrating that graft maturation times can be reduced when 
using autogenous bone or composite grafts with autogenous 
bone as a component. Although the use of autogenous bone 
may have this advantage, it also has the disadvantage of in-
creased morbidity and significant graft resorption, resulting in 
partial re-pneumatization of the sinus with concomitant loss 
of graft height.

It should be noted that successful outcomes have also been 
reported with other bone replacement grafts, such as al-
lografts20 and alloplasts21; however, the studies are fewer in 
number. 

The past decade has seen the introduction of biomimetic and 
stem cell technologies in clinical practice. These technologies 
are presented as a means to achieve more favorable out-
comes, or as a way to achieve comparable outcomes to that 
of autogenous bone grafts without the use of graft materials. 

Bone morphogenetic proteins (BMPs) were evaluated for 
many years before becoming available in the dental market-
place. BMP-2 had been used in spinal fusion surgery for many 
years with purportedly successful outcomes. The Infuse Bone 
Graft (Medtronic), an autogenous bone replacement graft, was 
introduced to the market following safety and efficacy studies 
by Boyne et al.22 very rigid randomized, controlled clinical trials 
were conducted by Boyne et al23 and Triplett et al,24 show-
ing implant survival rates similar to that of autogenous bone. 
Drawbacks with this procedure were high cost, immature bone 
quality at early time intervals, and the propensity of the grafts 
to shrink. Attempts to resolve issues with graft shrinkage and 
poor density by incorporating mineralized bone replacement 
grafts with the collagen sponge have not been entirely suc-
cessful, as studies have shown a BMP-2–mediated accelerated 
resorption of the added allograft material.25 A recent bilateral 
sinus study by Kao et al26 has shown a less favorable histologic 
result when rhBMP-2/ACS was added to the xenograft than 
that achieved with xenografts alone.

with a minimum loading time of 1 year, with the exception 
of the review by Del fabbro et al,13 which reports on a mini-
mum of 3 years loading with similar results (Tables 1 and 2).   

It is important to realize that evidence-based reviews use 
data from multiple and often diverse studies. for that reason, 
it is difficult, if not impossible, to establish a large database 
without it being subject to what are described as confound-
ing variables. When evaluating the efficacy of graft materials, 
it is impossible to ignore the variable effect of implant surface 
texture. The review by Pjetursson et al7 specifically addresses 
this issue. When machine-surfaced implants are removed 
from the database, the results with each of the graft materi-
als appear to be equal (Table 3).         

The information from all reviews does, however, substanti-
ate the finding that implant survival with bone replacement 
grafts, specifically the most rigorously evaluated group (xeno-
grafts), are equal to or better that that achieved with autoge-
nous bone. These data, coupled with the reduction in patient 
morbidity realized by eliminating the need for a secondary 
surgical (donor) site, appears to position bone replacement 
grafts as the graft material of choice today.

The success of xenografts may be attributed to 3 factors:

1.  They are osteoconductive with approximately 25% vital 
bone formation by volume at 6-8 months

2.  They are not resorbed, adding approximately 25% to the 
mineral content of the future implant receptor sites (25% 
new vital bone + 25% residual nonvital graft material) 

3.  The residual graft material is never seen in direct contact 
with the implant surface, and therefore does not inter-
fere with osseointegration. 

The histologic results with xenografts present a pattern 
that has been called “bone bridging.” Residual particles of 

Figure 1. Histology 6-months post sinus grafting 
with 100% xenograft (BioOss) demonstrating 
“bone bridging” between residual xenograft 
particles (yellow) and newly formed vital bone (red) 
(Stevenel’s blue, van Geisson’s picric fuchsin stains, 
original magnification ×100).
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that the sinus membrane could be elevated with simultaneous 
implant placement, using the implant to support the mem-
brane. The study showed new bone formation in the area filled 
by the blood clot. A recent study by Cricchio et al38 reported 
a 5.3-mm average bone gain with a 98.7% implant survival 
rate. Studies by Lin et al39 and Borges et al40 showed similar 
results. Mazor et al41 has likewise shown favorable radiographic 
and histologic results with Choukron’s platelet-rich fibrin. In all 
these studies, bone height gain was to the level of, or just short 
of the implant apices, depending on the size of the clot forma-
tion and the ability of the implant(s) to “tent” the membrane. 

Digesting all the information available in the literature is a 
formidable task. The authors have taken the tack of relying on 
the results of the multiple evidence-based reviews in form-
ing their daily treatment protocol. What we can derive from 
these reviews is, in part, the following:

1.  Rough-surfaced implants are more favorable than ma-
chined implants.

2.  Bone replacement grafts can be substituted for autogenous 
bone with similar or more favorable results.

3.  Placing a membrane over the window results in an in-
creased implant survival rate.

4.  Simultaneous and delayed implant placements have simi-
lar survival rates assuming primary stability is achieved at 
placement and maintained through the early graft matura-
tion period.

Modifications to the above protocol can be made, using the 
results of studies with overall smaller databases, to reduce 
graft maturation times. The authors take advantage of such 
materials as rh-PDGfββ, which may upregulate bone forma-
tion, giving us the advantage of autogenous bone without the 
need for, or the morbidity of, a bone harvest. This is not to 
say that other options do not result in successful outcomes. It 
may be said, however, that they have smaller evidence bases 
at the present time.

EvoluTIon of SuRgICAl TEChnIquE
The sinus augmentation procedure first entered our surgi-
cal armamentarium with presentations and publications by 
Tatum1 and Boyne and James.2 Entry into the sinus was made 
either through the crest or the lateral wall. The lateral wall 
technique of Boyne and James2 used a large round carbide 
bur to obliterate the wall to make a window access for the 
placement of an autogenous bone graft. Multiple modifica-
tions to this technique have been published over the years. 
The original rotary techniques with either surgical hand 
pieces or high-speed hand pieces were modified by Wood 
and Moore,42 who first published the hinge osteotomy tech-
nique in 1988, and by Smiler,43 who reviewed multiple tech-
nique variations in 1996. In 2001, vercellotti44 introduced the 

Although no adverse events are yet to be reported in the 
sinus grafting literature, concerns about the voracity of the 
initial spine studies has recently come to light.  Reports by 
Carragee et al27,28 claim that reported results of the 13 initial 
studies on spinal fusion may have been presented in an overly 
positive fashion and that they also failed to reveal adverse 
events that have subsequently come to light in later studies.

Platelet-rich plasma, produced by the centrifugation of freshly 
drawn venous blood from the patient, has been proposed 
as an autologous source of multiple growth factors. Available 
centrifuge systems are able to increase the concentration of 
blood-borne growth factors by 3 to 5 times. The major growth 
factor is PDGf-ββ. There are some published reports that claim 
improvements in soft tissue healing and increased vital bone 
formation. Three evidence-based reviews have not supported 
claims for enhanced outcomes in maxillary sinus elevation.29-31

Recombinant human platelet-derived growth factor ββ (rh-
PDGfββ) has a long history of development before its in-
troduction to the dental market as GEM-21S (Osteohealth; 
Shirley, NY). The effect of this growth factor on wound 
healing, including its effect on type 1 collagen synthesis, has 
been well documented in the periodontal literature and this 
product has been approved for use in periodontal regenera-
tion.32,33 The concentration of growth factor in the recom-
binant product can be 3000 times that of whole blood. At 
present, utilization in maxillary sinus elevation is off-label. 
There are, however, sinus studies that show both above-aver-
age vital bone formation34 and earlier bone formation,35 the 
latter study reporting 21.1% versus 11.8% at 4 to 5 months 
for BioOss + rh-PDGfββ and BioOss (Geistlich Pharma AG, 
Wolhusen, Switzerland) alone respectively. 

Osteocel, (Nuvasive, San Diego, CA) a fresh frozen allograft 
(multipotential cellular bone matrix) with enhanced stem cell 
content, has also been used in sinus augmentation. A study 
by Gonshor et al36 has shown vital bone formation at 3 to 4 
months to be 32.5% versus 18.3% when comparing Osteo-
Cel to a traditional allograft control. 

The 2 outcome measures that could be influenced by these 
new technologies are implant survival and/or graft matura-
tion time. As implant survival rates of more than 98% can be 
achieved by using rough-surfaced implants, xenogeneic bone, 
and the placement of a membrane over the window,4-13 it 
is unlikely that this survival rate can be improved with bio-
mimetic technologies. There are, however, bilateral clinical 
studies that show more rapid (earlier) bone formation when 
using either rh-PDGfββ or OsteoCel. There are no published 
studies as yet on implant survival with these technologies. 

There also has been an alternative development of lateral win-
dow techniques that do not use a bone graft but rely on a 
blood clot or a centrifuged autogenous blood product as the 
sole grafting material. Initial studies by Lundgren et al37 showed 
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for these reasons, the authors feel that a presurgical CT scan 
or cone-bean scan is strongly suggested before maxillary si-
nus elevation surgery.

flAP EnTRy
visualization of and access to the lateral sinus wall are ac-
complished via a full-thickness mucoperiosteal flap originating 
from the midcrestal area or slightly to the palate if the sinus 
floor is close to the crest or there is a minimal zone of ke-
ratinized tissue. Anterior and posterior releasing incisions are 
made of sufficient length, and in a slightly flaring direction, to 
provide both sufficient access and a flap with a good basal 
blood supply. A preoperative CT scan and clinical evaluation 
should make the location of the proposed antrostomy evi-
dent so that the releasing incisions are made distant to the 
proposed window site and the position of the overlapping 
barrier membrane. This will generally eliminate the potential 
for flap dehiscence. 

AnTRoSToMy TEChnIquES 
An antrostomy is made in the lateral sinus wall to gain access 
to the Schneiderian membrane for the purpose of elevat-
ing this membrane, thereby creating a space for the place-
ment of the bone graft material. The size of the window is 
generally a trade-off between preserving the lateral wall as 
a source of blood supply to the graft and achieving suffi-
cient access and vision to perform the membrane elevation 
and graft placement without complications. It is the author’s 
opinion (SSW) that larger windows should be made when 
the surgeon expects the elevation procedure to be difficult. 
This would include sinuses with septa, suspected membrane 
adhesions, narrow lateral to medial anatomy, “v-shaped” me-
dial walls, and preexisting lateral wall defects from extractions 
or prior failed sinus augmentation procedures. The author 
(SSW) further likes to position the window approximately 
3 mm from the sinus floor and 3 mm from the anterior wall, 
as this position greatly facilitates membrane elevation. The 
superior osteotomy is made at 15 mm from the crest to 

Piezoelectric technique in the United States (introduced ear-
lier in Europe) and in 2011 the Dentium Advanced Sinus Kit 
(DASK) technique was first published by Lozada et al.45 Mul-
tiple publications have demonstrated transcrestal approaches 
to the sinus using osteotomes, special safe-cutting drills and 
diamonds, hydraulic pressure, piezoelectric surgery, and bal-
loon elevation techniques. 

The ultimate goal of the sinus augmentation technique is to 
increase the available height for implant placement. This is 
accomplished by the sequential steps of flap entry, window 
access to the sinus cavity, elevation of the Schneiderian mem-
brane to create a confined space for the placement of graft 
material, graft material placement, barrier membrane place-
ment, and flap closure.

The continuous introduction of new techniques for lateral 
window entry are, in reality, surgical modifications designed 
to increase the predictability of the procedure while reducing 
the occurrence of the 2 main intraoperative complications: 
profuse bleeding and sinus membrane perforation. These 
complications can affect the procedural outcome by resulting 
in the abandonment of the procedure.46 They can also affect 
procedural success by creating postoperative complications 
and, ultimately, they can affect implant survival by resulting in 
a deficient quantity and/or poor quality of bone.47

PRESuRgICAl ASSESSMEnT 
Although not the subject of this review, it is incumbent on 
the clinician to obtain sufficient diagnostic information be-
fore proceeding with this surgical technique. This information 
should include material relevant to both the surgical proce-
dure and to the proposed prosthetic treatment plan, real-
izing that maxillary sinus elevation, after all, is a pre-prosthetic 
surgical procedure. In a survey paper of New York State ear, 
nose, and throat (ENT) specialists by Cote et al,48 only 58.7% 
of this specialist group agreed that a computed tomography 
(CT) scan was a necessary part of presurgical diagnostic pro-
cedures. This viewpoint may result from an extension of the 
ENT’s general protocol of not performing a surgical proce-
dure on an asymptomatic patient, as well as the general trend 
toward reducing radiation exposure to patients. One could 
and should question this rationale for a number of reasons:

1.  Knowledge of the health status of the sinus can prevent 
major postoperative complications.

2.  Knowledge of the sinus anatomy can prevent many intra-
operative complications.

3.  Knowledge of 3-dimensional sinus anatomy can determine 
the validity of the proposed prosthetic plan.

4.  Knowledge of preexisting sinus health and anatomy can 
prevent medico-legal complications.

Figure 2. Window location 3 mm from sinus floor, 
3 mm from anterior wall.
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facilitate grafting to that height without having to release the 
membrane farther in the superior direction (fig. 2). It is un-
derstood that the vascular supply to the newly placed graft 
comes mostly from the bony walls of the sinus and not from 
the Schneiderian membrane. It is therefore imperative that 
the membrane be elevated across the sinus floor and up 
the medial wall to the level of the proposed graft placement. 
further, this elevation usually must extend anteriorly to reach 
and extend up a portion of the anterior sinus wall to allow 
for graft placement in the future receptor site for the most 
anterior implant. This will enable a vascular supply from the 
medial wall to reach the graft. As vascular ingrowth occurs 
at a rate of 1 mm per month, graft maturation time can be 
substantially reduced with this dual blood supply, especially in 
wide sinuses. Thorough grafting from lateral to medial walls is 
also of importance when considering implant placement. The 
maxilla resorbs in an upward and inward direction, which in 
many instances requires the apex of the implant to be angled 
toward the medial wall to achieve a proper prosthetic posi-
tioning. A graft falling short of this end point may ultimately 
compromise implant placement (fig. 3, A and B).

Figure 5. Complete osteotomy. Window is removed 
before elevation of the membrane.

Figure 6. Particulate xenograft in place.

Figure 3. Postoperative CT cross sectional views of 
a properly (a) and improperly (B) grafted sinus.

A

B

Figure 4. (a) Sinus membrane visible on all but 
superior antrostomy cut (the hinge). (B) Hinge 
osteotomy. Note elevation of the membrane up the 
medial wall.

A

B
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wall “window” is rotated (hinged) inward and upward to a 
horizontal position. Alternatively the osteotomy can extend 
360º creating an “island” of bone in the center. This can re-
main attached to the membrane, being elevated with it, or it 
can be removed with the procedure now called a complete 
osteotomy. There are no published data to show that one 
approach is more favorable than another. In cases where the 
sinus is narrow, the window must be removed, as it may not 
be possible to hinge it inward without being obstructed by 
the medial wall. The elevation of the membrane is followed 
by the introduction of the graft material and the placement 
of a collagen barrier membrane extending a few mm over 
the lateral window (figs. 4–7).

RoTARy TEChnIquE 
Once the window location is determined or outlined, a high-
speed hand piece or surgical motor with external irrigation 
is used with a round diamond bur (safer than carbide) to 
create a “window” in the lateral sinus wall. The cutting motion 
should be with a lateral motion rather than an up-and-down 
motion, the latter being more likely to result in membrane 
perforation. The sinus membrane, usually visualized as a dark 
shadow, is approached carefully until it is possible to observe 
movement of the window. The hinge technique keeps the 
superior osteotomy cut partially incomplete and the lateral 

Figure 9. Piezoelectric osteotomy insert in place to 
refine antrostomy.

Figure 10. artery isolated and left intact.

 
Figure 11. Initial piezoelectric elevator in position.

Figure 7. Collagen barrier membrane (BioGide) 
over window. a supple membrane that adapts to 
the irregular bony surface requires no stabilization.

Figure 8. (a) Piezoelectric osteoplasty insert in 
place. (B) Bone removal following osteoplasty.

A

B
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PIEzoElECTRIC TEChnIquE
Although the rotary technique has proven to be a very pre-
dictable technique over the past 30 years, it is subject to a 
pair of intraoperative complications, namely sinus membrane 
perforation and instances of profuse, usually intrabony, bleed-
ing. In a study by Zijderveld et al49 reporting on intraoperative 
complications in 100 consecutive cases, membrane perfora-
tions were reported in 11% of cases and profuse bleeding 
in 2%. The perforation rate in this study using rotary instru-
mentation is quite low, as a review of the literature reveals an 
average perforation rate of 20% to 25%.

Figure 16. Membrane elevation completed.

Figure 17. Bone replacement graft in place.

Figure 18. Collagen barrier membrane in place.

Figure 12. an 8-mm DaSK drill on sinus wall.

Figure 13. Thinning the lateral wall.

Figure 14. Window completed, leaving very thin 
layer of bone and microvasculature intact.

Figure 15. Initial membrane elevation.
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traditional rotary instrumentation. The drill is used with light 
pressure to plane or thin the bone of the lateral wall. As the 
bone is thinned, the blue shadow of the sinus membrane 
becomes more apparent. With proper technique, a very thin, 
movable, layer of bone remains attached to the sinus mem-
brane. It is often possible to see the microvasculature of the 
lateral wall intact within this layer. The thin bony layer and 
membrane can be elevated as a unit or the bone fragments 
can be gently removed with a curette, creating a complete 
osteotomy, allowing for ideal access and vision to elevate the 
sinus membrane (figs. 12-19).

ConCluSIonS
The maxillary sinus elevation procedure is today considered 
to be the most predictable of the pre-prosthetic surgical 
techniques.6 Success rates, as determined by the secondary 
outcome measure of implant survival, are in the high 90th 
percentile when utilizing the proven evidence-based deci-
sions to use rough-surfaced implants, xenogeneic bone re-
placement grafts, and a membrane over the window. With 
such high success rates, the developing technologies of bone 
graft enhancement factors (BMPs, growth factors, and stem 
cell products) are unlikely to result in any dramatic change. 
What they may do is reduce the time necessary for graft 
maturation. Studies using rh-PDGfββ

35 and Osteocel36 have 
shown this capability. The evolution of surgical technique is 
directed toward reducing the complications that may nega-
tively affect the primary outcome of procedural success. A 
study by Becker et al46 has shown that 10% of membrane 
perforations could not be repaired and resulted in termina-
tion of the sinus elevation procedure. Piezoelectric surgery, 
and recently the DASK technique, have demonstrated the 
capability to dramatically reduce the perforation rate and 
thereby reduce the number of procedure terminations.

Future clinical studies will likely substantiate these findings 
and possibly lead to further improvements in our ability to 
provide beneficial services to our patients. 
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Piezosurgery, a surgical technique invented by Dr Tomaso 
Vercellotti, and first published in the United States in 2001,44 
uses low-frequency ultrasonic vibration to create the lateral 
window and elevate the sinus membrane. This technique 
eliminates the “drag” created by rotary instrumentation 
and is therefore less likely to damage blood vessels or the 
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