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Background: Chinese hamster ovary (CHO) cell-derived recombi-
nant human bone morphogenetic protein-2 (rhBMP-2) has been intro-
duced for spine, long bone, and craniofacial indications. Escherichia
coli- (E. coli) derived rhBMP-2 displays comparable efficacy to CHO
cell-derived rhBMP-2 in vitro and in small-animal models. The objec-
tive of this study is to evaluate the efficacy of E. coli-derived rhBMP-2
compared to the benchmark CHO cell-derived rhBMP-2 using an
established large-animal model.

Methods: Contralateral, critical-size supraalveolar peri-implant
defects in six adult male Hound Labrador mongrel dogs received
CHOcell- orE. coli-derived rhBMP-2 (0.2mg/mL) in an absorbable col-
lagen sponge (ACS) carrier. In each quadrant, three dental implants
were placed. A titaniummesh device was used to support space provi-
sion. The animals received fluorescent bone markers for qualitative
evaluations. Animals were euthanized at 8 weeks for histopathologic
and histometric evaluation.

Results: Clinical healing included significant swelling, but none of the
animals experienced wound dehiscences. CHO cell- and E. coli-derived
rhBMP-2 supported comparable bone formation (new bone area, 35.8 –
3.6 versus 30.1 – 2.2 mm2; bone density, 31.8% – 1.6% versus 35.6% –
2.5%; and osseointegration, 32.9% – 7.4% versus 33.7% – 8.1%) without
statistically significant differences between treatments. Newly formed im-
mature delicate trabecular bone in fibrovascular marrow filled the space
underneath the titanium mesh and extended coronally above the mesh.
Seroma formation was frequently observed. There were no discernable
qualitative histologic differences between treatments.

Conclusion: CHO cell- and E. coli-derived rhBMP-2 in an ACS carrier
appear equally effective at inducing local bone formation in support of
dental implant osseointegration. J Periodontol 2013;84:415-422.
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T
he observation that de-
vitalized bone extracts
induced ectopic bone

formation was the first step in the
discovery and characterization
of bone morphogenetic proteins
(BMPs).1 Isolation of proteins
from the complex mixture of
bone extracts identified the
bone-inducing substances.2

Researchers subsequently cloned
a series of related proteins named
BMPs, osteogenic proteins, or
growth/differentiation factors.3-9

BMP-2, one important member
of the BMP family of proteins,
has been characterized as bone
inductive, a single molecule dem-
onstrating the same inductive
activity present in bone and bone
extracts.10

Preclinical studies ultimately
paved the way for the use of
BMPs in humans, demonstrat-
ing the efficacy of recombinant
human BMP-2 (rhBMP-2) in
segmental long bone and cra-
nial defects.11-14 rhBMP-2 in
an absorbable collagen sponge
(ACS) carrier was shown to sup-
port clinically relevant bone
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formation in various settings in the craniofacial skeleton
using canine and non-human primate platforms,15-18

and rhBMP-2-induced bone was shown to support
osseointegration and loading of endosseous dental
implants.16,17,19 rhBMP-2 combined with an ACS
carrier has thus been shown to be a realistic alter-
native to the gold-standard autograft bone in ortho-
pedic as well as craniofacial settings, eliminating
comorbidity associated with harvesting the graft.20

Current clinically available rhBMP-2 technology,
approved for spine, long-bone fracture, and alveolar
augmentation indications,21,22 is produced in a re-
combinant expression system using Chinese hamster
ovary (CHO) cells overexpressing the BMP-2 coding
sequence.23 rhBMP-2 may also be produced in the
form of inclusion bodies in Escherichia coli (E. coli),
enabling high yields purified up to 99%.24,25 CHO cell-
and E. coli-derived rhBMP-2 have been shown to in-
duce comparable dose-dependent ectopic bone
formation after intramuscular implantation in rodent
screening models, suggesting E. coli-derived rhBMP-2
to be a realistic alternative to CHO cell-derived rhBMP-
2.26,27 Nevertheless, the efficacy of E. coli-derived
rhBMP-2 in large-animal, orthotopic, clinically relevant
settings has received limited attention.28,29 Therefore,
the objective of this study is to evaluate local bone
formation and dental implant osseointegration in
conjunction with alveolar augmentation using E. coli-
derived rhBMP-2 and compare to the benchmark
CHO cell-derived rhBMP-2 using an established
large-animal model.

MATERIALS AND METHODS

Animals
Six male Hound Labrador mongrel dogs, �24 months
old, weighing 20 to 25 kg, and obtained from a US
Department of Agriculture-licensed vendor, were used.
Animal selection and management, surgery protocol,
and alveolar defect preparation followed a protocol
approved by the Institutional Animal Care and Use
Committee, Georgia Regents University, Augusta,
Georgia. The animals were accustomed to a soft dog-
fooddietduringacclimatization topreventunnecessary
stress caused by diet alterations after surgical pro-
cedures. One oral prophylaxis was performed under
sedation (5 mg/kg telazol and 1 mg/kg xylazine, in-
tramuscularly [IM]) using aseptic technique within 2
weeks before experimental surgery.

Dental Implants
Threaded sandblasted, large-grit, acid-etched (SLA)
dental implantsi (4.0 · 10.0 mm diameter; Ra =
1.3 mm) with a custom reference groove at the 5-mm
level of the implant were used (Fig. 1).

rhBMP-2 Constructs
CHO cell-derived rhBMP-2¶ and E. coli-derived
rhBMP-2# were used. Lyophilized rhBMP-2 was recon-

stituted with sterile water** to produce a 0.2 mg/mL
solution soak-loaded onto the precut ACS carrier††

for 30 minutes. A total of 2 mL rhBMP-2 was used
for each site. This rhBMP-2 dose and construct volume
are consistent with previous studies using the same
animal model.30,31

To alleviate compression of the rhBMP-2/ACS,
a titanium-mesh (50·37mm,1.7-mm-diameter pore
size, 0.2-mm thick)‡‡ formed into a cage-shaped
device fixed with three self-drilling bone screws (1.4 ·
4 mm diameter)§§ was used.

Experimental Surgery
Surgical protocol. Food was withheld the night pre-
ceding surgery. The animals were preanesthetized
with atropine (0.02 to 0.04 mg/kg, IM), buprenorphine
HCl (0.01 to 0.03 mg/kg, IM), and acepromazine
(0.2 to 0.3 mg/kg, IM). After tranquilization, a 20- to
23-gauge intravenous catheter was placed in the
foreleg for induction with propofol (5 to 7 mg/kg,
intravenously [IV]). Animals were then moved to the
surgical theater and maintained on gas anesthe-
sia (1% to 2% isoflurane/O2 to effect). The animals
received a slow constant rate infusion of lactated
Ringer’s solution (10 to 20 mL/kg/hour, IV) to maintain
hydration during surgery. Depth of anesthesia was
monitored by lack of response to toe pinch; lack of
corneal reflex; and monitoring the depth of respira-
tion, respiratory rate, and heart rate. Routine dental
infiltration anesthesia (2% lidocaine HCl, 1:100,000
epinephrine) was used at the surgical sites.

Two experienced surgeons (JL,CS) performed all
surgicalprocedures.Bilateral,critical-sizesupraalveolar
peri-implant defects were created in the mandibular
premolar region.32 Briefly, buccal and lingual mu-
coperiosteal flaps were reflected, and alveolar bone
was removed around the circumference of the pre-
molar teeth toa level�6mmfromthecemento-enamel
junction using water-cooled rotating burs. The pre-
molar teeth were then extracted, and the first molar
was amputated at the level of the reduced alveolar
crest. Three SLA titanium implants were placed into
osteotomies prepared into the extraction site of the
distal root of the third (P1 implant) and the mesial (P2
implant) and distal (P3 implant) root of the fourth pre-
molar in each jaw quadrant. Using the 5-mm custom
groove as a reference, 5 mm of the implant was
placed within the surgically reduced alveolar ridge,
creating 5-mm supraalveolar peri-implant defects.
Cover screws were placed onto the implants. Contra-
lateral supraalveolar, peri-implant defects received

i Simple Line, Dentium, Seoul, South Korea.
¶ INFUSE Bone Graft, Medtronic, Memphis, TN.
# Daewoong Pharmaceutical, Seoul, South Korea.
** Sterile Water for Injection, USP, Abbot Laboratories, North Chicago, IL.
†† Helistat, 1 · 2 · 5.0 mm, Integra LifeSciences, Plainsboro, NJ.
‡‡ Jeil Medical, Seoul, South Korea.
§§ Micro Self-Drilling Screw, Jeil Medical.
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E. coli-derived or CHO cell derived rhBMP-2 alter-
nated between left and right jaw quadrants in sub-
sequent animals. The custom-fit titanium mesh was
then secured over the implants and rhBMP-2/ACS
using the bone screws. The periostea of the mucogin-
gival flaps were fenestrated at the base of the flaps to
allow tension-free flap apposition and wound closure.
The flaps were advanced 3 to 4 mm coronal to tita-
nium mesh, and the flap margins were adapted and
sutured.ii Photographs were taken after implant place-
ment, after installation of the titanium mesh, and after
wound closure (Fig. 2). The maxillary first, second, and
third premolar teeth were surgically extracted, the
maxillary fourth premolars were reduced in height, and
exposed pulpal tissues were sealed¶¶ to alleviate po-
tential trauma from the maxillary teeth to the experi-
mental mandibular sites.

Postsurgery procedures. A long-acting opioid
(0.01 to 0.03 mg/kg buprenorphine HCl, IM, twice
per day for 3 days) was administered for pain control.
A broad-spectrum antibiotic (2.5 mg/kg enrofloxacin,
IM, twice per day for 7 days) was administered for
infection control. Plaque control was maintained by
daily flushing of the oral cavity using 20 to 30 mL of a
2% chlorhexidine gluconate solution## until the end
of the study. Sutures were removed under sedation (5
mg/kg telazol and 1mg/kg xylazine, IM) 10 to 11 days
after surgery. Experimental areas were monitored
daily until suture removal and thereafter at least
weekly for wound swelling/dehiscence/infection.

Fluorescent bone labeling. The animals received
fluorescent bone labels for a qualitative evaluation of
bone formation.33 Oxytetracycline hydrochloride (25
mg/kg, subcutaneously [SQ])*** was administered at 3
weeks, xylenol orange (200 mg/mL; 90 mg/kg, SQ,
twice1dayapart)††† at4weeks,andcalcein(25mg/mL;
5 mg/kg, SQ)‡‡‡ at 10 and 3 days before euthanasia.

Euthanasia. The animals were sedated (5 mg/kg
telazol and 1 mg/kg xylazine, IM) and euthanized
using an intravenous injection of concentrated so-
dium pentobarbital§§§ at week 8 after surgery. After

euthanasia, block sections, in-
cluding titanium implants, ti-
taniummesh, alveolar bone, and
surrounding mucosa, were col-
lected. The specimens were
rinsed in sterile saline and trans-
ferred to 10% neutral buffered
formalin at a volume 10 times
that of the block section.

Histotechnical Processing
The tissue blocks were fixed in
10% buffered formalin for 3 to
5 days, dehydrated in alcohol,
and embedded in methyl-

methacrylate resin.iii The implants were cut mid-
axially in a buccal–lingual plane into 200-µm-thick
sections using the cutting–grinding technique,¶¶¶ and
subsequently ground and polished to a final thickness
of �30 µm.34,35 Unstained central sections were used
for fluorescent light microscopy analysis and imag-
ing. The same selected sections were stained with
Stevenel blue and van Gieson picro fuchsin for histo-
pathologic and histometric analysis using incan-
descent and polarized light microscopy.

Histopathologic Analyses
Two experienced masked examiners (UMW, JL)
conducted the histopathologic evaluation using in-
candescent and polarized light microscopy,### in-
cluding observations of peri-implant bone formation
and remodeling (formation/resorption), woven and
lamellar bone, cortex formation, fibrovascular tissue and
marrow, inflammatory responses, seroma formation,
and vascularity. The examiners analyzed the fluoro-
chrome bone histodynamic markers using fluores-
cent light microscopy.**** bone formation was
observed relative to the presence or absence, in-
tensity, and width of the fluorochromemarkers at the 3-
and 4-week and presacrifice intervals (evidenced by
red, yellow, orange, or green labels, respectively).

Histometric Analyses
Two calibrated masked examiners (JL, JY) performed
the histometric analysis using incandescent and po-
larized light microscopy,†††† a microscope digital
camera system,‡‡‡‡ and a personal computer-based

Figure 1.
SLA implantwithanadditional grooveat the5-mmlevel toguideplacementof the implantandserveas reference
for the histologic/histometric analysis and scanning electron microscopy photomicrographs of the SLA surface.

ii GORE-TEX Suture CV5, W.L. Gore & Associates, Flagstaff, AZ.
¶¶ Cavit, ESPE, Seefeld/Oberbayern, Germany.
## Xttrium Laboratories, Chicago, IL.
*** Maxim-200, Phoenix Pharmaceuticals, St. Joseph, MO.
††† Sigma-Aldrich, St. Louis, MO.
‡‡‡ Sigma-Aldrich.
§§§ Euthasol, Delmarva Laboratories, Midlothian, VA.
iii Technovit 7200 VLC, Kulzer, Wehrheim, Germany.
¶¶¶ Exakt Apparatebau, Norderstedt, Germany.
### BX51, Olympus America, Melville, NY.
**** BX51, Olympus America.
†††† BX51, Olympus America.
‡‡‡‡ Retiga 4000R, QImaging, Burnaby, BC.
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image analysis system.§§§§ The following measure-
ments were recorded (calculated) for the buccal and
lingual surfaces of the most central section of each
implant: 1) bone formation within the titanium mesh
device, a cross-sectional area of newly formed bone
along the implant above the 5-mm reference thread
within the confines of the titaniummesh device; 2) bone
fill, fraction bone fill within the confines of the titanium
mesh device (bone formation/device area · 100); 3)
bone density, fraction mineralized bone within newly
formed bone; and 4) osseointegration (BIC), fraction of
mineralized bone–implant contact between the 5-mm
reference thread and implant platform.

Statistical Analyses
Statistical analyses were performed using statistical
software.iiii The animal was used as the unit of anal-
ysis. Measurements at the site level were used, and
estimates were adjusted for the clustering of obser-
vations into animals using a robust variance estimator.
Wald tests were used for between group comparisons.
The level of significance was set at 5%.

Examiner reliability for the histometric evaluation
was assessed using the concordance correlation co-
efficient.36 Within the context of the present study,
this coefficient ranged from 0.87 to 0.99, values
close to 1, indicating high reliability.

RESULTS

Clinical Observations
Healingwasgenerally uneventful. Therewere no signs
of infection and exposure of the titanium mesh device.
Swelling observed from day 2 appeared to peak by
week 2. The swelling, which was bluish, soft, and fluc-
tuating to palpation, decreased from week 2 to appear
firm on palpation from week 4. At week 8 (sacrifice), the
swelling appeared hard on palpation. Incidence and
severity of swelling appeared more related to indi-
vidual animals than treatment group. Moreover, ini-
tial swelling appeared related to final bone volume;
that is, larger ridge shapes followed initially more
extensive swelling. The soft tissue over the titanium
mesh device maintained integrity throughout the

healing interval, but it became thinner as time elapsed;
that is, the titaniummesh showed through the alveolar
mucosa at week 8.

Microscopy Observations
Fluorescent light microscopy. Substantial bone for-
mation (wide diffuse yellow and orange bands) was
observed through weeks 3 (oxytetracycline HCl) and 4
(xylenol orange) for both treatment groups, and re-
modeling (distinct narrow green lines) at week 8 (calcein
green). There were no apparent differences between
groups. There were also no immediate suggestions of
bone consolidation of the seroma-like structures (Fig. 3).

Incandescent light microscopy. Both treatments,
CHO cell- and E. coli-derived rhBMP-2, induced
substantial bone formation over the 8-week healing
interval, at times extending beyond the confines of the
titanium mesh; bone formation was more abundant on
the lingual aspect of the implants over the wider al-
veolar base (Fig. 3). There were no remarkable dif-
ferences between the two protocols. The immature
newly formed delicate trabecular bone exhibited
emerging cortices. bone formation also included se-
roma formation at �30% of the implants without
preference for CHO cell- or E. coli-derived rhBMP-2,
the dimension of the seromas apparently correlating
with the extent of bone formation. The seromas con-
tained no appreciable cellular elements. bone forma-
tion was also correlated to postsurgery swelling,
whereas in an animal that showed limited swelling,
bone formation appeared less abundant than in an
animal with more substantial clinical swelling.

Histometric analyses. The histometric analysis
shown in Table 1 included bone formation, bone fill,
bone density, and BIC. Bone occasionally formed
beyond the confines of the titanium mesh was not
recorded. CHO cell- and E. coli-derived rhBMP-2 in-
duced similar amounts of bone formation (35.8 – 3.6
versus 30.1 – 2.2 mm2; P = 0.10). There were also no
meaningful differences betweenCHO cell- and E. coli-
derived rhBMP-2 in bone fill (87.1% – 3.1% versus

Figure 2.
Ten-mm implants placed5mm into the surgically reducedalveolar crest creating5-mmcritical-size supraalveolar peri-implant defects (A), after implantation
of rhBMP-2/ACS (B), after placement of the titanium mesh device (C), and after wound closure (D).

§§§§ Image-Pro Plus, Media Cybernetic, Silver Spring, MD.
iiii Stata v.11.1 for Mac, Stata, College Station, TX.
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80.8% – 5.6%; P = 0.32). CHOcell- and E. coli-derived
rhBMP-2 induced bone of similar density (bone
density, 31.7% – 1.6% versus 35.6% – 2.5%; P =
0.15). There were also no significant differences in
BIC between the CHO cell- and E. coli-derived
rhBMP-2groups (32.9%–7.4%versus 33.7% –8.1%;
P = 0.89).

DISCUSSION

In this study, local bone formation and dental implant
osseointegrationwere evaluated after onlay application
of CHO cell- or E-coli-derived rhBMP-2 soak-loaded
onto ACS using an established, critical-size supra-
alveolar peri-implant defect model. The histologic and
histometric evaluations after the 8-week healing in-
terval suggest that the CHO cell- and E. coli-derived
rhBMP-2 constructs appear equally effective in in-
ducing local bone formation in support of osseoin-
tegration. However, because healing is characterized
by delayed bone maturation complexed by seroma

formation, the rhBMP-2 dose and/or delivery system
may need to be reconsidered for enhanced bone for-
mation/maturation to optimize clinical performance.

Both the CHO cell- and E. coli-derived rhBMP-2
induced substantial but immature bone formation. The
light microscopy analysis failed to ascertain relevant
differences between the benchmark CHO cell- and
E. coli-derived rhBMP-2. Others have already shown
E. coli-derived rhBMP-2 to be a viable alternative to
CHO cell-derived rhBMP-2 using the ACS carrier
in rat calvarial and rabbit sinus screening models.37,38

To the best of our knowledge, the present study, using
the critical-size supraalveolar peri-implant defect
model,32 provides evidence that CHO cell-derived
and E. coli-derived rhBMP-2 have similar potential to
induce bone formation and osseointegration in a
large-animal model, allowing testing in a clinically
relevant setting; i.e., to restore/increase the vertical
and horizontal dimension of the alveolar ridge in
the presence of dental implants for patient use. This
critical-size supraalveolar peri-implant defect model
has demonstrated limited, if any, innate regenerative
potential with or without a space-providing device
such as in the current study and has thus been shown
to be a valuable discriminating instrument in the
evaluation of regenerative technologies, including
biologics, biomaterials, and devices for alveolar
augmentation/osseointegration.32

Space provision appears critical for rhBMP-2/ACS-
inducedbone formation because of the vulnerability of
the ACS to compression. Substantial rhBMP-2/ACS-
induced bone formation in this study filled, and some-
times exceeded, the large space provided by the tita-
nium mesh device. Bone fill reached >80% of the
device cross-section; bone area within the device was
�36 mm2 for the CHO cell- and �30 mm2 for E. coli-
derived rhBMP-2. This result contrasts with previous

Table 1.

Histometric Analysis of Bone Formation
for CHO Cell- Versus E. coli-Derived
rhBMP-2 (mean – SE)

Parameters

CHO Cell-Derived

rhBMP-2

E. coli-Derived

rhBMP-2 P Value

Bone Formation
(mm2)

35.77 – 3.55 30.13 – 2.17 0.10

Bone fill (%) 87.05 – 3.07 80.78 – 5.58 0.32

bone density (%) 31.74 – 1.63 35.59 – 2.52 0.15

BIC (%) 32.92 – 7.44 33.68 – 8.07 0.89

Figure 3.
Representative photomicrographs, incandescent and fluorescent light microscopy, of specimens receiving CHO cell- (A andB) versus E. coli-derived (C and
D) rhBMP-2 in anACS carrier. The horizontal blue line at the implant 5-mmreference groove separates resident fromnewly formed (rhBMP-2-induced) bone.
Stevenel blue and van Gieson picro fuchsin stain (original magnification ·4).
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studies using the same experimental model without
a space-providing device, showing more modest
bone formation after the use of rhBMP-2/ACS alone,
ranging from 2.3 to 7.5 mm2,30,39 or rhBMP-2 delivered
from a dental implant surface ranging from 4.6 to 7.4
mm2 31,40,41 but confirms the principle of unobstructed
space provision put forward in previous reports using
a space-providing macro-porous expanded poly-
tetrafluoroethylene (ePTFE) device supporting bone
formation of �10 mm2.30,42 Also, a previous study
using a compression-resistant calcium phosphate
putty as candidate carrier for rhBMP-2 confirmed the
value of space provision for rhBMP-2-induced bone
formation that can only be discerned in onlay settings
such as that provided when using the critical-size su-
praalveolar peri-implant defect model.43

Newly formed bone density averaged 32% and 36%,
respectively, for the CHO cell- and E. coli-derived
rhBMP-2 constructs. This observation is consistent
with previous studies using rhBMP-2/ACS alone
or rhBMP-2/ACS combined with a space-providing
ePTFE device ranging from 21% to 27%.30,39,42

In comparison, rhBMP-2 delivery from an implant
surface generated significantly greater bone density
ranging £63%.31,40,41 Related estimates of dental
implant osseointegration in this study ranging from 33%
to 34% compare favorably to estimates from rhBMP-
2-coated anodized titanium implants ranging from 25%
to 39%,31,40,41 but contrasts with that of previous studies
also using CHO cell-derived BMP-2 in an ACS carrier
(6% to 18%).30,39,42 Differences in BIC estimates
may relate to application mode, as well as implant
surface technology and dose. The SLA surface in the
present study in perspective appears to be a favor-
able matrix for rhBMP-2-induced bone formation
compared to turned titanium in previous studies.

Contemporary preclinical research is directed by the
3R principle of refinement–reduction–replacement,44

key strategies of humane experimental techniques
with a strong emphasis on study sample size re-
duction. Therefore, sample size calculations have
to be performed within these constrains but still
provide the necessary number of observations for
meaningful and clinically relevant conclusions. Since
the introduction and characterization of the critical-
size supraalveolar periodontal and peri-implant de-
fectmodels,32,45we have shown that these surgically
created discriminating defect models yield minimal
bone and cementum formation without additional
wound manipulation. Our more recent work has
confirmed that studies with five to six animals are able
to distinguish bone-inducing technologies with strong
biologic potential from interventions with no or
limited effect.31,40,41,46,47 Despite the fact that new
studies using these defect models no longer have
sham-surgery groups as routine, it is important to

acknowledge that a tacit comparison is always
present. Formally, five to six animals would achieve
‡80% power to detect a difference of at least 2.0 –
1.0 mm (SD) with a significance level of 5% using a
two-sided test for the main outcome of new bone
height in a side-by-side comparison. It is noteworthy
to recognize that sample size calculation in this
context is complicated by unwanted/unanticipated
therapy-related occurrences, unknown variability
associated with new treatments/technologies, and
multiple observations within animals. Nevertheless,
sample sizes of five to six animals in the critical-size
periodontal/peri-implant defect models have stood
the test of time and provided meaningful insight into
potential new treatments/technologies for periodon-
tal wound healing/regeneration and alveolar bone
augmentation.

CONCLUSIONS

CHO cell- and E. coli-derived rhBMP-2 in an ACS
carrier appear equally effective at inducing local bone
formation in support of dental implant osseointe-
gration using a discriminating, clinically relevant,
large-animal model. Healing at 8 weeks is charac-
terized by immature trabecular bone with emerging
cortices but is complicated by seroma formation. The
relatively immature bone and presence of seromas
suggest that rhBMP-2doseand/ordeliverysystemmay
need to be reconsidered for optimized bone formation/
maturation and clinical performance.
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JM, Wikesjö UM. Bone formation and osseointegration
stimulated by rhBMP-2 following subantral augmenta-
tion procedures in nonhuman primates. Int J Oral
Maxillofac Implants 1997;12:785-792.

18. Sigurdsson TJ, Fu E, Tatakis DN, Rohrer MD, Wikesjö
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30. Wikesjö UM, Qahash M, Thomson RC, et al. Space-
providing expanded polytetrafluoroethylene devices
define alveolar augmentation at dental implants in-
duced by recombinant human bone morphogenetic
protein 2 in an absorbable collagen sponge carrier. Clin
Implant Dent Relat Res 2003;5:112-123.

31. Wikesjö UM,QahashM, Polimeni G, et al. Alveolar ridge
augmentation using implants coated with recombinant
human bone morphogenetic protein-2: Histologic ob-
servations. J Clin Periodontol 2008;35:1001-1010.
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