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This article reports the long-term efficacy of 
freeze-dried allograft cortical bone to aug-
ment the dorsum of the nose. It expands on 

our initial report of 18 bone allografts that were 
evaluated with cephalometric radiographs, com-
puted tomography, and fluorine-18 bone scans 

documenting persistence of augmentation for 42 
months at level of evidence II.1,2 This study of 62 
bone allografts is prospective, and the objective 
and subjective assessment of results were delayed 
to at least 1.5 years postoperatively.2 The dorsal 
augmentations were evaluated at up to 10 years, 
with a mean follow-up of 4.7 years, and there was 
an 85 percent success as defined by maintenance 
of volume and projection.
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Background: The aim of this study was to evaluate freeze-dried cortical al-
lograft bone for nasal dorsal augmentation. The 42-month report on 18 pa-
tients was published in 2009 in Plastic and Reconstructive Surgery with 89 percent 
success at level II evidence, and this article is the 10-year comprehensive review 
of 62 patients.
Methods: All grafts met standards recommended by the American Association 
of Tissue Banks, the U.S. Food and Drug Administration, and the Centers for 
Disease Control and Prevention. Objective evaluation of the persistence of graft 
volume was obtained by cephalometric radiography, cone beam volumetric com-
puted tomography, and computed tomography at up to 10 years. Vascularization 
and incorporation of new bone elements within the grafts were demonstrated 
by fluorine-18 sodium fluoride positron emission tomography at up to 10 years. 
Subjective estimation of graft volume persisting up to 10 years was obtained by 
patient response to a query conducted by an independent surveyor.
Results: The authors report objective proof of persistence of volume alone or 
combined with proof of neovascularization in 16 of 19 allografts. The authors 
report the patient’s subjective opinion of volume persistence in 37 of 43 grafts. 
The dorsal augmentation was assessed overall to be successful in 85 percent of 
62 patients evaluated between 1 and 10 years, with a mean of 4.7 years.
Conclusions: Freeze-dried allograft bone is a safe and equal alternative for 
dorsal augmentation without donor-site morbidity. Further studies are needed 
to (1) confirm these findings for young patients needing long-term recon-
struction, and (2) partially demineralize allograft bone to allow carving with a 
scalpel. (Plast. Reconstr. Surg. 143: 49e, 2019.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, IV.
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The first choice for dorsal augmentation 
should be long pieces of septal cartilage followed 
by ear cartilage.3 However, this flexible cartilage 
must be first triaged to the mobile lower third 
of the nose for use as struts, septal lengthening 
grafts, tip grafts, and battens. Residual small pieces 
can be diced and packaged into a pocket, but it 
does not have structural strength and, although 
one diced dorsum remained palpable out to 6 
years,4 there is no documentation of sustainability 
beyond 7 months.5,6 If these septal and ear sources 
are inadequate, the surgeon is faced with a signifi-
cant increase in morbidity and technical difficulty 
with harvesting autogenous cranial bone or rib 
cartilage.

Because there is no morbidity or technical 
complexity to opening a package and hydrating 
the contents, a prospective study of freeze-dried 
allograft bone was undertaken. Our data indicate 
that this safe, inexpensive, and morbidity-free 
cadaver bone has a degree of efficacy in the nose 
that is comparable to the success of autogenous 
skull and rib grafts.7,8

PATIENTS AND METHODS
All patients signed informed consent as to 

the experimental nature of this study and that 
the graft might not survive and that there was a 
remote chance of disease transmission. Institu-
tional review board approval was obtained for 
the computed tomographic and fluorine-18 bone 
scan studies at the University of California Davis 
Medical Center. Maintenance of dorsal projection 
was evaluated by the following means,

Objective Evaluation
Cephalometric Radiography Protocol
Serial radiographs were taken 6 to 12 months 

apart measured from fixed skull points by means 
of the projection of barium paint on the skin over-
lying the allograft dorsal augmentation.1

Computed Tomographic/Bone Scan Imaging 
Protocol

The positron emission tomographic, com-
puted tomographic, and fused positron emission 
tomographic/computed tomographic images 
were reviewed by a nuclear radiologist certified by 
both the American Board of Radiology and the 
American Board of Nuclear Medicine. Fluorine-18 
positron emission tomographic/computed tomo-
graphic imaging was used to demonstrate volume 
preservation and vascularization of allografts.1 
Fluoride ion, injected intravenously, is delivered 

to osteoblasts and incorporated into new bone. In 
contradistinction to dead bone or scar tissue, only 
living vascularized bone “lights up,” and there-
fore any allograft image seen is neovascularized 
bone.9,10

Cone Beam Volumetric Computed 
Tomographic Scan Protocol

The I-Cat Next Generation 13-17 (Imag-
ing Sciences International, Hatfield, Pa.) cone 
beam computed tomography scanner was used to 
acquire a scan of the patient that generated RAW 
data that were imported into Dolphin Imaging 
Systems Version 11.95 software (Dolphin Imag-
ing Systems, Chatsworth, Calif.), to build a true 
size cephalometric image format for analysis. The 
density and true size of each graft is accurately 
depicted, and sagittal views were assessed for 
change.

Subjective Evaluation
Subjective Survey Protocol
Patients were contacted by means of e-mail, 

phone call, and letter by a third-party physician 
volunteer who asked whether the dorsal augmen-
tation had decreased in size to a noticeable degree 
or by a loss of greater than 20 percent.

Preparation of Allografts
The description of the bone bank cortical 

allograft preparation protocol can be found in 
the original article.1 We primarily used nonirra-
diated bone to avoid potential radiation damage 
to the growth factors, but 21 percent of allografts 
were irradiated for reasons of choice and avail-
ability (Table 1). Evidently, the amount of radia-
tion (15 kGy) that is required to eliminate any 
human immunodeficiency virus or hepatitis C 
virus does not damage growth factors.11,12 Process-
ing removes periosteum that perhaps should be 
left intact because it contains osteogenic cells and 
osteoinductive signals.13 Freezing the bone allows 
for storage, and there is evidence that it preserves 
osteoinductive ability.14

Matchstick bone precut to 6 × 6 × 50 mm was 
initially used but proved to be rather narrow. We 
now prefer whole tibia or fibula from which a 
thicker and wider graft can be cut, and one can 
choose the ideal dorsal contour from six edges.

Insertion and Fixation 
All allografts were cortical bone and were 

contoured with a high-speed saw and burr, and 
appropriate holes were drilled before insertion 
by means of a closed approach. The grafts were 
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Table 1. Summary

Patient Age (yr) Donor Age (yr) Recipient Site Decreased Size LOE A (yr) LOE B (yr) Irradiated

A.T. 35§ 35 71 2° No* 10.5 10.5 No
C.B. 22 22 31 1° No 2.0 8.5 No
S.D. 52 52 38 6° No 2.1 5.0 No
S.S. 46 46 71 1° No 1.8 9.0 No
J.Y.K. 48 48 68 1° No 1.8 8.5 No
J.R. 38¶ 38 67 4° No* 2.0 9.0 No
K.S. 43¶ 43 60 2° No* 2.0 8.0 Yes
N.B. 50‡ 50 67 1°     
L.P. 45 45 51 2° No 1.0 8.6 No
B.H. 52 52 51 2° No 1.6 8.5 Yes
R.V. 51 51 62 1° No  8.3 No
R.B. 21 21 59 1° No 1.1 8.0 No
W.W. 54‡ 54 52 1° No    
A.S. 42 42 59 1° No 10.5 10.5 No
C.T. 26 26 17 2° No 10.0 10.0 No
M.C. 21 21 59 1° No 1.0 7.7 No
K.S. 45 45 59 3° No 1.1 7.0 No
N.G.†§ 41 59 1° >50% 2.5 2.5 No
N.G.† 44 40 2° No  5.0 Yes
E.H. 47 47 63 1° No  6.0 No
M.K. 48 48 63 2° No  6.5 No
D.K. 31 31 63 1° No, <20% 1.0 6.5 No
N.M. 39‡ 39 52 1°     
B.V. 37‡ 37 63 2°     
T.M. 22‖ 22 49 2° >50%  6.0 No
N.M. 23 23 38 1° No  6.2 No
L.J. 35 35 52 3° No  1.0 yr No
G.B. 35 35 57 2° No  5.8 No
S.F. 42 42 76 4° No  5.5 No
D.T. 55 55 50 3° No  5.5 No
B.R. 41 41 51 2° No  4.8 No
S.B. 62 62 51 2° No  5.5 No
M.B. 27 27 43 1° No  1.3 Yes
J.C. 34 34 49 1° No  5.8 No
K.B. 29†§ 29 59 2° >50% 1.0 1.0 No
K.B. 30† 30 59 3° No  4.8 No
A.B. 27 27 65 1° No 9.0 9.0 No
K.M. 29 29 53 1° No  1.0 No
L.M. 55 55 71 3° No  6.3 No
S.A. 30‡ 30 51 2°     
J.P. 27 27 65 4° No  5.0 No
K.C. 37 37 27 1° No  1.0 No
A.C. 27 27 65 3° No  1.0 Yes
A.B. 38 38 65 3° No  4.0 Yes
S.N. 22§ 22 53 1° >50%  1.0 No
M.B. 39 39 43 1° No 7.0 7.0 No
C.N. 48 48 43 1° No  4.5 No
V.M. 27§ 27 51 1° >50%  4.0 No
M.B. 29 29 51 2° No  3.5 No
M.A. 45 45 29 2° No  3.5 No
M.O. 38 38 27 1° No  4.0 No
R.J. 55‡ 55 57 2°     
J.R. 41 41 57 3° No  4.0 No
K.L. 26 26 45 2° No  3.5 No
P.M. 56 56 35 1° No  3.5 No
S.S. 42 42 21 3° No  3.5 No
J.B. 32‡ 32 21 2°     
L.S. 30§ 30 35 1° >50%  3.0 No
S.S. 50 50 21 1° No  3.8 No
D.T. 25 25 50 2° No  2.0 No
S.P. 26 26 19 1° No  1.0 No
K.B. 41 41 51 3° No  2.5 No
M.M. 34 34 61 1° No  2.5 Yes
S.R. 35 35 74 1° No  1.5 Yes
C.T. 25 25 67 1° No  2.0 Yes
S.L. 36 36 55 1° No  1.8 Yes
K.A. 51 51 39 1° No  1.5 Yes
T.R. 51 51 42 1° No  1.8 Yes
S.D. 38 38 22 3° No  1.8 Yes
LOE, level of evidence; A, high level of evidence; B, lower level of evidence/patient’s opinion.
*Surgeon opinion that allograft resorption was >20%.
†Replacement allograft was successful in same patient.
‡Lost to follow-up.
§Graft absorption was >20% by objective or subjective evaluation protocols.
‖Infection.
¶Surgeon thinks more resorption (>20%) than patient has reported.
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positioned under nasal bone periosteum, and 
they most often were intended as an onlay and 
were secured with 4-0 polydioxanone percutane-
ously at the nasion and internal at the anterior 
septal angle. When used as a cantilever, more 
aggressive fixation required a transcutaneous 
threaded Kirschner wire or, rarely, a 1.5-mm tita-
nium screw.

Assessment of Persistence of Allograft
To evaluate the degree of persistence of a 

potentially resorbable graft, objective evidence 
is preferred and was achieved in 19 patients. 
Our most attainable and least expensive objec-
tive tool for assessing the persistence of graft size 
was serial cephalometric radiographs. Unfor-
tunately, these radiographs became obsolete in 
favor of cone beam scans, and we were unable to 
compare the new volumetric (cone beam) scans 
to the prior radiographs. Thus, the continuity 
of follow-up by radiography ceased at 3.5 years. 
Changing the method of objective evaluation to 
expensive cone beam computed tomographic 
scans limited the number of cases with objective 
follow-up. Nonetheless, we do have comparative 
cone beam studies taken 6 and 7 years apart in 
two patients.

We also had fluorine-18 positron emission 
tomographic/computed tomographic imaging in 
five patients ranging from 15 to 42 months post-
operatively.1 Three of these original five patients 
returned for comparison bone scans at 10 years 
postoperatively.

Therefore, because of the aforementioned 
untimely demise of cephalometric radiographs, 
the restrictive expense of serial cone beam scans, 
and the prohibitive cost of fluorine-18 positron 
emission tomographic/computed tomographic 
imaging, we had to resort to subjective evidence 
in 44 patients. We thought self-reporting from 
the patient might be a higher level of subjective 
evidence than the surgeon’s opinion. Actually, 
despite inherent bias, the surgeon’s observation 
may be more accurate; however, the patient’s opin-
ion is paramount in cosmetic surgery. We were 
able to demonstrate two levels of evidence (level A 
and level B) (Table 1). Level A is the highest level 
of evidence. It is objective evidence that consists 
of serial cephalometric radiographs with or with-
out fluorine-18 positron emission tomographic/
computed tomographic imaging or cone beam 
scans. Level B is the next best level of evidence 
achievable and is subjective evidence, consisting 
of patient opinion of loss in graft size greater than 
20 percent.

RESULTS
This study started with 69 patients and was 

culled to 62, with seven lost to follow-up. The 
mean follow-up was 4.7 years. The average age 
of patients was 38 years and the average age 
of donors was 52 years. Only 50 percent of the 
patients were primary rhinoplasty patients, with 
26 percent secondary and 24 percent at least ter-
tiary (Table 2). If objective data showed—and/or 
the patient reported—that the dorsal augmenta-
tion had not noticeably decreased, or any change 
was less than 20 percent, they were counted as a 
success.

Objective Results (Group A)
Group A consisted of 19 patients who were fol-

lowed using the objective studies described. Three 
patients were followed at least 10 years, and the 
mean objective follow-up was 3.6 years. There was 
no significant absorption in 16 of these 19 patients 
(84 percent). Two patients (N.G. and K.B.) had 
greater than 50 percent absorption requiring suc-
cessful replacement grafts. One patient (A.T., case 
2) had fluorine-18 uptake and no change in mid-
section computed tomography over 7 years, yet he 
is considered a failure because he demonstrated 
partial resorption in the cephalic 30 percent where 
it was overlying a prior graft, which may have lim-
ited osteoconduction. In contrast, another patient 
(D.K.) had early less than 20 percent loss on radi-
ography at 1 year; however, because it remained 
unchanged over the next 7 years, he is listed as a 
success (Table 1).

Subjective Results (Group B)
All 62 patients reported to the surveyor their 

opinion about the perseverance of dorsal projec-
tion, and we had to rely on this subjective evidence 
alone in 43 of the cases. This group (group B) of 
43 patients was followed for 1 to 8.3 years, with 
a mean follow-up of 3.7 years. Only six patients 
reported significant resorption (>20 percent), and 
each stated that it was over 50 percent, suggest-
ing that resorption tends to be an “all-or-nothing” 
phenomenon. The success rate was 86 percent in 
group B (Table 1).

Table 2. Primary and Secondary Rhinoplasty

 No. of Patients (%)

Total 62 
Primary rhinoplasty 31 (50)
Secondary rhinoplasty 16 (26)
3–5 previous rhinoplasties 15 (24)
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Overall Results
Five of the absorptions were not associated with 

any trauma or infection and may be attributable to 
some donor processing or recipient-site problem. 
There was one reported loss caused by methicillin-
resistant Staphylococcus aureus occurring well after 
initial healing. Infection can occur with any implant 
or autograft and is not an indictment of allograft, 
and an isolated case suggests no propensity of 
allograft to become infected. Nonetheless, this 
patient remains in the study as an allograft failure.

Two patients demonstrated either “willing-to-
please” confirmation bias or did not notice grad-
ual loss of graft over 5 to 10 years. The trained 
investigator can trump the patient’s opinion 
under the circumstances when it does not favor 
the study. Therefore, the final failure rate must 
increase from seven to nine.

Thus, 53 of 62 patients had successful aug-
mentation based on the described objective and/
or subjective criteria. The mean long-term follow-
up of all patients was 4.7 years. The success rate 
for nasal dorsal augmentation with freeze-dried 
allograft bone is 85 percent and the failure rate is 

15 percent (Table 3). The infection rate was one 
of 62 (2 percent).

CASE REPORTS

Case 1
A 27-year-old Hispanic woman (C.T.) underwent allograft 

bone dorsal and premaxillary augmentation (Fig. 1). Serial ceph-
alometric radiographic, computed tomographic, and fluorine-18 
bone scanning images 7 years apart show no significant change 
in volume, and the fluorine-18 uptake was equal to the maxillary 
bone (Fig. 2) (see case 1 in Table 4). [See Figure, Supplemental 
Digital Content 1, which shows (left) a computed tomographic 
scan (lateral view) of the patient in case 1 obtained in 2007, 1 
year after augmentation of the premaxilla and nasal dorsum 
with allograft bone. (Right) Computed tomographic scan (lat-
eral view) obtained in 2014, 8 years after augmentation of the 
premaxilla and nasal dorsum with allograft bone, demonstrating 
no significant change, http://links.lww.com/PRS/D156.]

Case 2
A 35-year-old Filipino man (A.T.) underwent secondary 

allograft dorsal augmentation. [See Figure, Supplemental Digital 
Content 2, which shows the patient in case 2 (left) preoperatively, 
with a wide and underprojected nose; (center) 5 years postopera-
tively after dorsal augmentation with allograft bone; and (right) 
10 years postoperatively, showing partial allograft resorption at 
the nasion, http://links.lww.com/PRS/D157.] Computed tomo-
graphic scans obtained at 3 and 10 years show persistence of 
volume in the midportion of the graft, and fluorine-18 uptake 
shows vascularization between soft tissue and cranium (see case 2 
in Table 4). [See Figure, Supplemental Digital Content 3, which 
shows (above, left) a computed tomographic scan, midsection, of 
the patient in case 2 obtained in 2014, 10 years after dorsal aug-
mentation with allograft bone showing no significant change in 

Table 3. Absorption

 No. of Patients (%)

Total 62
No absorption 53 (85)
>20% absorption 9 (15)

Fig. 1. Case 1. (Left) Preoperative nasal dorsal and premaxillary deficiency. (Right) Five 
years after nasal dorsal and premaxillary augmentation with allograft bone. 

http://links.lww.com/PRS/D156
http://links.lww.com/PRS/D157
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caudal two-thirds of the allograft. (Below, left) Computed tomo-
graphic scan, midsection, obtained in 2007, 3 years after dorsal 
augmentation with allograft bone. (Above, right) Fluorine-18 posi-
tron emission tomographic scan, midsection, obtained in 2014, 
10 years postoperatively, demonstrating continued vasculariza-
tion of the midportion of the allograft. (Below, right) Fluorine-18 
positron emission tomographic scan, midsection, obtained in 
2007, 3 years postoperatively, demonstrating revascularization of 
the midportion of the allograft, http://links.lww.com/PRS/D158.] 
The patient was satisfied, but on 10-year examination and on 
scans, late 30 percent resorption in the nasion was evident, and 
he is considered a failure.

Case 3
A 35-year-old black woman (A.S.) underwent allograft 

bone augmentation of her nasal dorsum and premaxilla (Figs. 3 
and 4). Computed tomographic bone scans at 18 months com-
pared to 9 years show maintenance of projection. Fluorine-18 
uptake was greater than that within the surrounding maxillary 
bone, consistent with ingrowth of vascular and osseous elements 
(Figs. 5 and 6) (see case 3 in Table 4).

Case 4
A 25-year-old Eurasian woman (A.B.) desired more narrow-

ing of her dorsum and had dorsal allograft augmentation. Her 
photographs represent a 9-year result. [See Figure, Supplemen-
tal Digital Content 4, which shows the patient in case 4. (Left) 
Preoperatively, a wide relatively flat nose; (right) 9 years after 
dorsal augmentation with allograft bone; her primary desire was 
to narrow the anteroposterior appearance of her nose, http://
links.lww.com/PRS/D159.] Volumetric cone beam scan in 2010 
and comparison follow-up scan in 2017 demonstrate no change 
in dorsal allograft. This view of the volumetric scan illustrates 
the measurement indices. [See Figure, Supplemental Digital 
Content 5, which shows the patient in case 4. (Left) Cone beam 

Fig. 2. Case 1. (Above, left) Computed tomographic scan obtained in 2014, 8 years after augmentation of the premaxilla 
and nasal dorsum with allograft bone. (Below, left) Computed tomographic scan obtained in 2007, 1 year after augmenta-
tion of the premaxilla and nasal dorsum with allograft bone. (Above, right) Fluorine-18 positron emission tomographic 
scan obtained in 2014, 8 years after augmentation of the premaxilla and nasal dorsum with allograft bone. (Below, right) 
Fluorine-18 positron emission tomographic scan obtained in 2007, 1 year after augmentation of the premaxilla and nasal 
dorsum with allograft bone.

Table 4. Fluorine-18 Uptake in Allograft

Case Midsection of Graft*

1 3
2 2
3 4
*Grading key: 0, less than soft tissue; 1, equal to soft tissue; 2, between 
soft tissue and maxillary bone; 3, equal to maxillary bone; 4, greater 
than maxillary bone.

http://links.lww.com/PRS/D158
http://links.lww.com/PRS/D159
http://links.lww.com/PRS/D159
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computed tomographic scan obtained in 2010, 2 years after dor-
sal and premaxilla augmentation with allograft bone. (Right) 
Cone beam computed tomographic scan obtained in 2017, 9 
years after dorsal and premaxilla augmentation with allograft 
bone showing no change, http://links.lww.com/PRS/D160.] 

Case 5
A 39-year-old Caucasian/Puerto Rican woman (M.B.) under-

went dorsal and pyriform aperture augmentation with allograft 
bone (Fig. 7). Volumetric cone beam scans were obtained 1 year 

postoperatively, and comparison scans 6 years later show no sig-
nificant loss of volume of allografts (Fig. 8).

PROS AND CONS COMPARED TO 
ALTERNATIVES

The factors favoring the use of allograft over 
autogenous bone or rib include no donor-site 
morbidity and the unlimited amount of material 

Fig. 3. Case 3. (Left) Preoperative image, showing wide and amorphous nose. (Right) 
Nine years after nasal dorsal and premaxillary augmentation with allograft bone.

Fig. 4. Case 3. (Left) Preoperative image, showing wide and amorphous nose. (Right) 
Nine years after nasal dorsal and premaxillary augmentation with allograft bone.

http://links.lww.com/PRS/D160
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with which to work.15,16 There is morbidity associ-
ated with the harvesting of both cranial bone and 
rib cartilage, and the incidence of complications 
varies with surgeon training and experience.17–19 A 
study of 30 fresh human cadaver heads found that 
the skull is significantly weakened (36 percent) by 
harvesting cranial bone grafts. This finding should 
give pause when safer alternatives are available.20 
The harvesting of rib results in a scar, possible per-
sistent pain, and pneumothorax, and ossification 
of the rib cartilage may make it unworkable.21

There is a lack of objective evidence in dor-
sal augmentation, but there are retrospective 
subjective reports of minimal absorption and 
satisfactory results in the vast majority of cranial 
bone grafts.17,22,23 A respected surgeon’s opinion 
is valuable yet vulnerable to recall bias. Perhaps 
“satisfactory” means less than 25 percent resorp-
tion and perhaps “vast majority” means at least 80 
percent. Posnick et al. lamented on his inability 
to objectively measure, yet he estimated a resorp-
tion rate of 15 to 20 percent with autogenous 
cranial bone grafts to the nose.24 One patient 
questionnaire reflected a decrease in size in 19 

percent of rib grafts used for dorsal augmenta-
tion.25 Another “patient reporting” study showed 
17 percent absorption of rib cartilage as a dor-
sal onlay.26 Our 15 percent compares reasonably 
with these estimated 15 to 20 percent resorption 
rates of rib and cranial autografts.

Allografts do not have the potential to curl like a 
cranial bone graft or warp like a rib graft.26–29 Despite 
attempts to reduce rib cartilage warping with intra-
operative carving, warping has been shown to occur 
after 1 month and is likely to continue over time 
and thus remains an unpredictable problem.21,30–33 
Cortical allografts share with autograft rib and bone 
traits desirable (i.e., linear lines, strength, and abil-
ity to overcome resistance of skin envelope) and 
undesirable (i.e., rotation, malposition, and shelv-
ing that is noticeable through thin skin).

An advantage of rib cartilage is the ease of 
carving to size in the operating room. In contrast, 
cortical mineralized bone, whether autograft or 
allograft, needs to be cut and shaped with expen-
sive high-speed saws, burrs, and drills. Working 
with high-speed tools probably creates heat dam-
age to growth factors.27,34

A concern that is more specific to allograft is 
the variation of donor bone quality. Deterioration 
of bone morphogenetic protein/growth factors 
may be related to a potential 24-hour window of 
delay in postmortem processing and to the age of 
the donor.

DISCUSSION
This study provides long-term evidence sup-

porting freeze-dried allograft bone for nasal dor-
sal augmentation. It is important to understand 
that this processed bone is extremely safe and 
does not stimulate an immune system rejection 
response. The bone bank preparation is approved 
by the American Association of Tissue Banks, 
eliminates antigenic protein and lipid cells, and 
includes irradiation, which kills viruses and bac-
teria. Theoretical human immunodeficiency virus 
transmission is one per 1,600,000.35,36 The Centers 
for Disease Control and Prevention reports no 
cases of human immunodeficiency virus or hepa-
titis C with these processed freeze-dried bones.37,38

Freeze-dried mineralized allograft has been 
proven successful in maxillofacial surgery39 and 
has been used in up to one-third of orthopedic 
cases, especially cervical spine fusions.40–48 The 
periodontal literature supports the use of demin-
eralized allograft bone in powder form, which has 
more available bone growth factors,49–51 but pow-
der does not hold its shape well.52 The established 

Fig. 5. Case 3. (Left) Computed tomographic scan obtained in 
2007, 2 years after nasal dorsal and premaxillary augmenta-
tion with allograft bone. (Right) Computed tomographic scan 
obtained in 2014, 9 years after nasal dorsal and premaxillary 
augmentation with allograft bone.
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amount of bone morphogenetic protein and 
growth factors assayed for demineralized bone has 
to also be present, albeit less readily available, in 
the mineralized form of the bone.51,53 Mineralized 
cortical bone was chosen for this study because it 
is strong enough to give structural support and to 
overcome soft-tissue resistance.

This study suggests that allograft bone may 
remodel through a combination of osteocon-
duction and osteoinduction. Osteoconduction 
involves providing a scaffold on which recipient-
site mesenchymal stem cells, capillaries, and tis-
sue can migrate to produce bone. Allografts are 
highly osteoconductive and are the prototype for 
an osteoconductive matrix.54,56 Osteoinduction is 
the process of stimulating mesenchymal stem cells 
at the recipient site to differentiate into osteo-
blasts.35,57 The growth factors embedded in the 
cortical allograft bone matrix include insulin-like 
growth factor type II, transforming growth factor, 

platelet-derived growth factor, and bone morpho-
genic proteins, all of which make allograft bone 
potentially osteoinductive.54 Bone morphogenetic 
protein (BMP)-4 has been shown to induce osteo-
genic differentiation of osteoblasts from osteopro-
genitor cells.55 Interaction of BMP-2, BMP-4, and 
BMP-7 may contribute to osteoinduction.51

In the dorsum of the nose, there is only partial 
host bone–to-allograft bone contact, in which the 
cephalic portion of the allograft sits on nasal bones 
and the caudal portion sits on midvault cartilage. 
Because we did not see significantly more allograft 
resorption in the distal half, osteoconduction may 
prove to be no more important than osteoinduction.

Bone graft incorporation involves a clot that 
serves to nourish the graft until distinct capillaries 
develop. Granulation tissue ingrowth will revascu-
larize the graft.57 Neovascularization depends on 
cytokines and growth factors to stimulate sprout-
ing of local endothelial cells (angiogenesis) and 

Fig. 6. Case 3. (Above, left) Computed tomographic scan obtained in 2014, 9 years after nasal dorsal and premaxillary aug-
mentation with allograft bone. (Below, left) Computed tomographic scans obtained in 2007, 2 years after nasal dorsal and 
premaxillary augmentation with allograft bone. (Above, right) Fluorine-19 positron emission tomographic scan obtained in 
2014, 9 years after nasal dorsal and premaxillary augmentation with allograft bone. (Below, right) Fluorine-19 positron emis-
sion tomographic scan obtained in 2007, F2 years after nasal dorsal and premaxillary augmentation with allograft bone.
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forming new vessels from circulating progenitor 
cells (vasculogenesis).58

Neovascularization brings into the graft osteo-
clasts, which are derived from pluripotential cells, 
which are derived from circulating monocytes and 
macrophages and capillary pericytes.53 The osteo-
clasts follow Haversian canals, resorbing allograft 
bone and releasing embedded bone morphoge-
netic protein and growth factors, and then change 
to osteoblasts and eventually to osteocytes.35,55,59–65 
The process of new bone formation and remodel-
ing initiated by osteoclastic resorption has been 
called reverse creeping substitution.57

Revascularization, whether by osteoconduc-
tion or osteoinduction, is dependent on the qual-
ity and vascularity of the host bed. We have had 
success with both primary (48 percent) and sec-
ondary or multiple revision rhinoplasty (52 per-
cent). Of the allograft resorptions, 55 percent 
were primary and 45 percent were revision, which 
suggests that a virgin versus a scarred recipient 
bed was not a factor in this study.

Perhaps more important than the recipient 
site is the quality of the donor bone. There is vari-
ation of growth factors between donor individuals 
based on genetics and health,66 perhaps influ-
encing the success of osteoinduction and osteo-
conduction.67 Bone morphogenetic protein and 
growth factor may deteriorate during the time 

Fig. 7. Case 5. (Left) Preoperative image, with a low radix and acute nasolabial angle. 
(Right) Four years after nasal dorsal and premaxillary augmentation with allograft bone.

Fig. 8. Case 5. (Above) Cone beam computed tomographic scan 
obtained in 2010, 1 year after nasal dorsal and premaxillary aug-
mentation with allograft bone. (Below) Cone beam computed 
tomographic scan obtained in 2016, 7 years after nasal dorsal 
and premaxillary augmentation with allograft bone.
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window allowed between demise and icing and 
allograft processing.

Although one study found no correlation 
between donor age and the levels of measured 
bone morphogenetic proteins,51 a more recent 
report concluded that BMP-4 undergoes an 
age-related decrease that may contribute to the 
reduction of bone volume observed with aging.68 
There is perhaps less bone morphogenetic pro-
tein and growth factors in older bone, and osteo-
genesis appears to be age-dependent.69 Two of 
our patients demonstrating resorption within 2 
years had donors older than 60 years. Each had 
a successful replacement allograft from a donor 
younger than 40 years. Even so, because the aver-
age age for all donors was 52 years and that for 
the nine failures was 56 years, donor age was not 
significant in this study.

The success of allograft bone will improve 
with advances in bone engineering. Simply leav-
ing the periosteum intact would provide more 
rapid revascularization.35,70 Bone morphogenetic 
protein added to allograft bone may improve 
the take rate but is currently too expensive. Allo-
genic bone graft healing is enhanced in rabbits by 
autologous mesenchymal stem cells and platelet-
rich plasma, suggesting that recipient sites could 
be enriched with autogenous adipose-derived 
stem cells.71 Osteoclastogenesis may improve by 
coating allograft with a polymer releasing BMP-2 
and vascular endothelial growth factor.72 Because 
cortical bone revascularization is hampered by 
its dense architecture,57 laser perforation may 
promote ingrowth of new bone without chang-
ing structural integrity.59 Partial demineraliza-
tion of cortical bone grafts may accomplish two 
things: (1) release encased bone morphogenetic 
protein and growth factors to foster osteogenesis 
and (2) soften the bone somewhere between rock 
hard and powder to where strength is maintained 
but grafts can be shaped by scalpel carving in the 
operating room.

The irradiated allografts used in this study 
were purchased from American Association of 
Tissue Banks–certified bone banks that used a 
standard of terminal irradiation of 15 to 20 kGy. 
Intuitively, one would suspect significant loss of 
efficacy with irradiation, but in a study of dry 
demineralized bone, the application of 15 to 
20 kGy resulted in only a small loss of activity.73 
Irradiation did not appear to negatively impact 
our results, because 16.3 percent of the nonir-
radiated allografts resorbed and only 8 percent 
of the irradiated allografts resorbed. It is possible 
that the mineralized form of the allograft bone 

that is used in our study may protect the bone 
morphogenetic protein and growth factors dur-
ing irradiation.

In an effort to develop an office tool for accu-
rate assessment of graft survival, we modified a 
soft-tissue cephalometric concept introduced by 
Guyuron.74 [See Figure, Supplemental Digital 
Content 6, which shows (left) preoperative trau-
matic collapse of nasal bone and cartilage. (Cen-
ter) Acetate overlay planning technique based 
on full-size photograph. This office-available, 
photographic technique may prove applicable to 
follow persistence of dorsal projection. (Right) 
Early 7-month postoperative result (patient not 
part of this study). The acetate overlay technique 
can now be used to follow and detect changes in 
allograft resorption, http://links.lww.com/PRS/
D161.] When used for preoperative planning, 
an acetate tracing of a full-size photograph is 
redrawn to the desired result and, when aligned 
over the original photograph, exact measure-
ments of reduction or augmentation can be 
made. Postoperative use of this technique may 
prove an inexpensive tool for objective serial 
postoperative assessment of maintenance of dor-
sal projection.

CONCLUSIONS
Freeze-dried allograft cortical bone has equal 

success in augmentation rhinoplasty that is com-
parable to mainstream alternatives, without the 
donor-site morbidity, and should be considered 
for nasal dorsal augmentation. Further studies are 
needed to corroborate or refute the finding of this 
report and to obtain 20-year data on duration of 
allograft and its suitability for use in young patients.
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83 Scripps Drive, Suite 130

Sacramento, Calif. 95825
rclarkmd@cwo.com

ACKNOWLEDGMENT
The authors thank Craig Dial, DRT, DDI Imaging.

PATIENT CONSENT
Patients provided written consent for the use of 

patients’ images.

REFERENCES
 1. Clark RP, Wong G, Johnson LM, et al. Nasal dorsal augmen-

tation with freeze-dried allograft bone. Plast Reconstr Surg. 
2009;124:1312–1325.

http://links.lww.com/PRS/D161
http://links.lww.com/PRS/D161
mailto:rclarkmd@cwo.com


60e

Plastic and Reconstructive Surgery • January 2019

 2. Lee MR, Unger JG, Rohrich RJ. Management of the nasal 
dorsum in rhinoplasty: A systematic review of the literature 
regarding technique, outcomes, and complications. Plast 
Reconstr Surg. 2011;128:538e–550e.

 3. Gunter JP, Rohrich RJ. Augmentation rhinoplasty: Dorsal 
onlay grafting using shaped autogenous septal cartilage. 
Plast Reconstr Surg. 1990;86:39–45.

 4. Daniel RK, Calvert JW. Diced cartilage grafts in rhinoplasty 
surgery. Plast Reconstr Surg. 2004;113:2156–2171.

 5. Kreutzer C, Hoehne J, Gubisch W, Rezaeian F, Haack S. Free 
diced cartilage: A new application of diced cartilage grafts 
in primary and secondary rhinoplasty. Plast Reconstr Surg. 
2017;140:461–470.

 6. Park JH, Jin HR. Use of autologous costal cartilage in Asian 
rhinoplasty. Plast Reconstr Surg. 2012;130:1338–1348.

 7. Samartzis D, Shen FH, Matthews DK, Yoon ST, Goldberg EJ, 
An HS. Comparison of allograft to autograft in multilevel 
anterior cervical discectomy and fusion with rigid plate fixa-
tion. Spine J. 2003;3:451–459.

 8. Godzik J, Ravindra VM, Ray WZ, Schmidt MH, Bisson EF, 
Dailey AT. Comparison of structural allograft and traditional 
autograft technique in occipitocervical fusion: Radiological 
and clinical outcomes from a single institution. J Neurosurg 
Spine 2015;23:144–152.

 9. Krishnamurthy GT, Huebotter RJ, Tubis M, Blahd WH. 
Pharmaco-kinetics of current skeletal-seeking radiopharma-
ceuticals. AJR Am J Roentgenol. 1976;126:293–301.

 10. Moon NF, Dworkin HJ, LaFluer PD. The clinical use 
of sodium fluoride F 18 in bone photoscanning. JAMA 
1968;204:974–980.

 11. Nguyen H, Morgan DA, Sly LI, Benkovich M, Cull S, Forwood 
MR. Validation of 15 kGy as a radiation sterilisation dose 
for bone allografts manufactured at the Queensland Bone 
Bank: Application of the VDmax 15 method. Cell Tissue Bank. 
2008;9:139–147.

 12. HollingerJO, EinhornTA, DollB, SfeirC, eds. Bone Tissue 
Engineering. Boca Raton, Fla: CRC Press; 2005.

 13. Romero R, Chubb L, Travers JK, Gonzales TR, Ehrhart NP, 
Kipper MJ. Coating cortical bone allografts with periosteum-
mimetic scaffolds made of chitosan, trimethyl chitosan, and 
heparin. Carbohydr Polym. 2015;122:144–151.

 14. Takata M, Sugimoto N, Yamamoto N, et al. Activity of bone 
morphogenetic protein-7 after treatment at various tem-
peratures: Freezing vs. pasteurization vs. allograft. Cryobiology 
2011;63:235–239.

 15. Bauer TW, Muschler GF. Bone graft materials: An overview 
of the basic science. Clin Orthop Rel Res. 2000;371:10–27.

 16. Fleming JE Jr, Cornell CN, Muschler GF. Bone cells and 
matrices in orthopedic tissue engineering. Orthop Clin North 
Am. 2000;31:357–374.

 17. Jackson IT, Choi HY, Clay R, et al. Long-term follow-up of cra-
nial bone graft in dorsal nasal augmentation. Plast Reconstr 
Surg. 1998;102:1869–1873.

 18. Sammartino G, Marenzi G, Colella G, Califano L, Grivetto 
F, Mortellaro C. Autogenous calvarial bone graft har-
vest: Intraoperational complications. J Craniofac Surg. 
2005;16:312–319.

 19. Tessier P, Kawamoto H, Posnick J, Raulo Y, Tulasne JF, Wolfe 
SA. Complications of harvesting autogenous bone grafts: 
A group experience of 20,000 cases. Plast Reconstr Surg. 
2005;116(Suppl):72S–73S; discussion 92S–94S.

 20. Kline RM Jr, Wolfe SA. Complications associated with the har-
vesting of cranial bone grafts. Plast Reconstr Surg. 1995;95:5–
13; discussion 14–20.

 21. Marin VP, Landecker A, Gunter JP. Harvesting rib carti-
lage grafts for secondary rhinoplasty. Plast Reconstr Surg. 
2008;121:1442–1448.

 22. Parsa FD. Nasal augmentation with split calvarial grafts in 
Orientals. Plast Reconstr Surg. 1991;87:245–253.

 23. Himy S, Zink S, Bodin F, Bruant-Rodier C, Wilk A, Meyer 
C. Calvarial bone grafting in augmentation rhinoplasty: 
Long-term results (in French). Rev Stomatol Chir Maxillofac. 
2009;110:256–262.

 24. Posnick JC, Seagle MB, Armstrong D. Nasal reconstruction 
with full-thickness cranial bone grafts and rigid internal skel-
eton fixation through a coronal incision. Plast Reconstr Surg. 
1990;86:894–902; discussion 903–904.

 25. Yilmaz M, Vayvada H, Menderes A, Mola F, Atabey A. Dorsal 
nasal augmentation with rib cartilage graft: Long-term results 
and patient satisfaction. J Craniofac Surg. 2007;18:1457–1462.

 26. Christophel JJ, Hilger PA. Osseocartilaginous rib graft rhi-
noplasty: A stable, predictable technique for major dorsal 
reconstruction. Arch Facial Plast Surg. 2011;13:78–83.

 27. Hodgkinson DJ. Cranial bone grafts for dorsal nasal aug-
mentation. Plast Reconstr Surg. 1999;104:1570–1571.

 28. Neu BR. Segmental bone and cartilage reconstruc-
tion of major nasal dorsal defects. Plast Reconstr Surg. 
2000;106:160–170.

 29. Farkas JP, Lee MR, Rohrich RJ. Technical maneuvers to 
decrease warping of peripheral costal cartilage grafts. Plast 
Reconstr Surg. 2016;138:228e–232e.

 30. Farkas JP, Lee MR, Lakianhi C, Rohrich RJ. Effects of carv-
ing plane, level of harvest, and oppositional suturing tech-
niques on costal cartilage warping. Plast Reconstr Surg. 
2013;132:319–325.

 31. Gibson T, Davis WB. The distortion of autogenous car-
tilage grafts: Its cause and prevention. Br J Plast Surg. 
1958;10:257–274.

 32. Harris S, Pan Y, Peterson R, Stal S, Spira M. Cartilage warping: 
An experimental model. Plast Reconstr Surg. 1993;92:912–915.

 33. Adams WP Jr, Rohrich RJ, Gunter JP, Clark CP, Robinson 
JB Jr. The rate of warping in irradiated and nonirradiated 
homograft rib cartilage: A controlled comparison and clini-
cal implications. Plast Reconstr Surg. 1999;103:265–270.

 34. Lee J. Personal communication, September 21, 2017.
 35. Buck BE, Malinin TI. Human bone and tissue allografts: 

Preparation and safety. Clin Orthop Relat Res. 1994;303:8–17.
 36. Boyce T, Edwards J, Scarborough N. Allograft bone: The 

influence of processing on safety and performance. Orthop 
Clin North Am. 1999;30:571–581.

 37. Joyce MJ. Safety and FDA regulations for musculoskeletal 
allografts: Perspective of an orthopaedic surgeon. Clin Orthop 
Relat Res. 2005;435:22–30.

 38. McAllister DR, Joyce MJ, Mann BJ, Vangsness CT Jr. 
Allograft update: The current status of tissue regulation, 
procurement, processing, and sterilization. Am J Sports Med. 
2007;35:2148–2158.

 39. Bianchini MA, Buttendorf AR, Benfatti CA, Bez LV, Ferreira 
CF, de Andrade RF. The use of freeze-dried bone allograft as 
an alternative to autogenous bone graft in the atrophic max-
illa: A 3-year clinical follow-up. Int J Periodontics Restorative 
Dent. 2009;29:643–647.

 40. Marx RE, Kline SN, Johnson RP, Malinin TI, Matthews JG II, 
Gambill V. The use of freeze-dried allogeneic bone in oral 
and maxillofacial surgery. J Oral Surg. 1981;39:264–274.

 41. Kelly JF, Friedlaender GE. Preprosthetic bone graft augmen-
tation with allogeneic bone: A preliminary report. J Oral 
Surg. 1977;35:268–275.

 42. Hubli EH, Salyer KE, Gendler E. Demineralized bone ban-
deau in a patient with kleeblattschädel skull deformity. Ann 
Plast Surg. 1998;41:81–85.

 43. Yavuzer R, Tuncer S, Başterzi Y, Işik İ, Sari A, Latifoğlu O. 
Reconstruction of orbital floor fracture using solvent-pre-
served bone graft. Plast Reconstr Surg. 2004;113:34–44.



Volume 143, Number 1 • Nasal Dorsal Augmentation

61e

 44. Vargel I, Tunçbilek G, Mavili E, et al. Solvent-dehydrated 
calvarial allografts in craniofacial surgery. Plast Reconstr Surg. 
2004;114:298–306.

 45. Park YH, Choi SH, Cho KS, Lee JS. Dimensional alterations fol-
lowing vertical ridge augmentation using collagen membrane 
and three types of bone grafting materials: A retrospective 
observational study. Clin Implant Dent Relat Res. 2017;19:742–749.

 46. Deluiz D, Oliveira LS,Fletcher P, Pires FR, Tinoco JM, 
Tinoco EM. Histologic and tomographic findings of bone 
block allografts in a 4 years follow-up: A case series. Braz Dent 
J. 2016;27:775–780.

 47. Contar CM, Sarot JR, da Costa MB, et al. Fresh-frozen bone 
allografts in maxillary ridge augmentation: Histologic analy-
sis. J Oral Implantol. 2011;37:223–231.

 48. Kadam A, Millhouse PW, Kepler CK, et al. Bone substitutes 
and expanders in spine surgery: A review of their fusion effi-
cacies. Int J Spine Surg. 2016;10:33.

 49. Redondo LM, Verrier Hernández A, García Cantera JM, 
Torres Nieto MA, Vaquero Puerta C. Repair of experimen-
tal mandibular defects in rats with autogenous, demin-
eralised, frozen and fresh bone. Br J Oral Maxillofac Surg. 
1997;35:166–169.

 50. Drosos GI, Kazakos KI, Kouzoumpasis P, Verettas DA. Safety 
and efficacy of commercially available demineralised bone 
matrix preparations: A critical review of clinical studies. 
Injury 2007;38(Suppl 4):S13–S21.

 51. Pietrzak WS, Woodell-May J, McDonald N. Assay of bone 
morphogenetic protein-2, -4, and -7 in human demineral-
ized bone matrix. J Craniofac Surg. 2006;17:84–90.

 52. Salyer KE. Personal communication, 2006.
 53. Bormann N, Pruss A, Schmidmaier G, Wildemann B. 

In vitro testing of the osteoinductive potential of differ-
ent bony allograft preparations. Arch Orthop Trauma Surg. 
2010;130:143–149.

 54. Fleming JE Jr, Cornell CN, Muschler GF. Bone cells and 
matrices in orthopedic tissue engineering. Orthop Clin North 
Am. 2000;31:357–374.

 55. Torrecillas-Martínez L, Galindo-Moreno P, Ávila-Ortiz G, et 
al. Significance of the immunohistochemical expression of 
bone morphogenetic protein-4 in bone maturation after 
maxillary sinus grafting in humans. Clin Implant Dent Relat 
Res. 2016;18:717–724.

 56. Canale ST, Beaty JH. Campbell’s Operative Orthopedics. 12th ed. 
St. Louis: Mosby; 2012.

 57. Buck DW II, Dumanian GA. Bone biology and physi-
ology: Part II. Clinical correlates. Plast Reconstr Surg. 
2012;129:950e–956e.

 58. Glotzbach JP, Levi B, Wong VW, Longaker MT, Gurtner 
GC. The basic science of vascular biology: Implications 
for the practicing surgeon. Plast Reconstr Surg. 
2010;126:1528–1538.

 59. Lewandrowski KU, Tomford WW, Schomacker KT, Deutsch 
TF, Mankin HJ. Improved osteoinduction of cortical bone 
allografts: A study of the effects of laser perforation and par-
tial demineralization. J Orthop Res. 1997;15:748–756.

 60. Chapman MW. Chapman’s Orthopaedic Surgery. Philadelphia: 
Lippincott Williams & Wilkins; 2001.

 61. Head WC, Malinin TI, Mallory TH, Emerson RH Jr. Onlay 
cortical allografting for the femur. Orthop Clin North Am. 
1998;29:307–312.

 62. Khan SN, Cammisa FP Jr, Sandhu HS, Diwan AD, Girardi 
FP, Lane JM. The biology of bone grafting. J Am Acad Orthop 
Surg. 2005;13:77–86.

 63. Pape HC, Evans A, Kobbe P. Autologous bone graft: Properties 
and techniques. J Orthop Trauma 2010;24(Suppl 1):S36–S40.

 64. Burchardt H. The biology of bone graft repair. Clin Orthop 
Rel Res. 1983;174:28–42.

 65. Wood MB, Gilbert A, eds. Microvascular Bone Reconstruction. 
St. Louis: Mosby; 1997.

 66. Wildemann B, Kadow-Romacker A, Haas NP, Schmidmaier 
G. Quantification of various growth factors in different 
demineralized bone matrix preparations. J Biomed Mater Res 
A 2007;81:437–442.

 67. Glowacki J. A review of osteoinductive testing methods and 
sterilization processes for demineralized bone. Cell Tissue 
Bank. 2005;6:3–12.

 68. Honsawek S, Dhitiseith D. Content of bone morphogenetic 
protein-4 in human demineralized bone: Relationship to 
donor age and ability to induce new bone formation. J Med 
Assoc Thai. 2005;88(Suppl 4):S260–S265.

 69. Schwartz Z, Somers A, Mellonig JT, et al. Ability of commer-
cial demineralized freeze-dried bone allograft to induce new 
bone formation is dependent on donor age but not gender. 
J Periodontol. 1998;69:470–478.

 70. Romero R, Chubb L, Travers JK, Gonzales TR, Ehrhart NP, 
Kipper MJ. Coating cortical bone allografts with periosteum-
mimetic scaffolds made of chitosan, trimethyl chitosan, and 
heparin. Carbohydr Polym. 2015;122:144–151.

 71. Park CG, Joo MW, Jeong J, Kang YK, Lee DR. Evaluation 
of the effects of the combination of autologous mesenchy-
mal stem cells and platelet-rich plasma on structural bone 
allograft healing. Cell Tissue Bank. 2017;18:229–238.

 72. Sharmin F, McDermott C, Lieberman J, Sanjay A, Khan 
Y. Dual growth factor delivery from biofunctionalized 
allografts: Sequential VEGF and BMP-2 release to stimulate 
allograft remodeling. J Orthop Res. 2017;35:1086–1095.

 73. Han B, Yang Z, Nimni M. Effects of gamma irradiation on 
osteoinduction associated with demineralized bone matrix. 
J Orthop Res. 2008;26:75–82.

 74. Guyuron B. Precision rhinoplasty: Part I. The role of life-size 
photographs and soft tissue cephalometric analysis. Plast 
Reconstr Surg. 1988;81:489–499.


