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Abstract

Objective: Comparison between bovine-derived demineralized bone matrix (DMBM) and iliac crest graft over long term for
secondary alveolar bone grafting (SABG) in patients with unilateral cleft lip and palate (UCLP) in terms of radiological and clinical
outcomes.

Design: Prospective, randomized, parallel groups, double-blind, controlled trial.

Setting: Unit of Oral and Maxillofacial Surgery, Oral Health Science Centre, Postgraduate Institute of Medical Education &
Research, Chandigarh.

Participants: Twenty patients with UCLP.

Interventions: Patients were allocated into group I (Iliac crest bone graft) and group II (DMBM) for SABG. Outcomes were assessed
at 2 weeks, 6 months, and then after mean follow-up period of 63 months.

Outcomes Measures: Volumetric analysis of the grafted bone in the alveolar cleft site was done through cone beam computed
tomography using Cavalieri principle and modified assessment tool. Clinical assessment was performed in terms of pain, swelling,
duration of hospital stay, cost of surgery, alar base symmetry, and donor site morbidity associated with iliac crest harvesting.

Results: Volumetric analysis through Cavalieri principle revealed comparable bone uptake at follow-up of 6 months between group
I (70%) and group II (69%). Modified assessment tool showed no significant difference between horizontal and vertical bone scores
over short- and long-term follow-up. In group II, there was higher cost of surgery, but no donor site morbidity unlike group I.

Conclusions: Demineralized bone matrix proved analogous to iliac crest bone graft as per volumetric analysis over shorter period.
However, although statistically insignificant, net bone volume achieved was lower than the iliac crest graft at longer follow-up.
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Introduction

Secondary alveolar bone grafting (SABG) of the residual

alveolar cleft in patients with cleft lip and palate (CLP) is a

well-established procedure. It provides bone tissue at the site of

alveolar cleft site, which helps in stabilization of the maxillary

alveolar arch and periodontium, facilitates the closure of oro-

nasal fistulas, permits the eruption of teeth augments nasal alar

base, and allows the orthodontic movement (Amanat & Lang-

don, 1991). Several sources of autogenous bone have been
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used, but anterior iliac crest is regarded as the gold standard for

grafting because it has strong osteogenic potential that provides

immunocompatible bone cells. Apart from rapid integration, a

superior success of iliac cancellous bone in closing the cleft

defect has been largely documented (Bertz, 1981; Yilmaz et al.,

2000).

However, there are various disadvantages of harvesting an

autologous iliac bone graft including donor site morbidity, gait

disturbances, excessive resorption rate, prolonged duration of

hospital stay, hematoma formation, and long operating time.

This may further culminate to unusual postsurgical complica-

tions pertaining to harvest of iliac crest bone such as hypersen-

sitivity, infection, pelvic instability, and paresthesia, affecting

10% to 30% of patients (Arrington et al., 1996).

This has led to a search for an alternative suitable material.

Various materials have been used for the alveolar cleft defect

such as bioabsorbable hydroxyapatite, b-tricalcium phosphate,

demineralized bone matrix (DMBM), and bone morphogenic

protein 2 (BMP). Of these, bovine-derived DMBM is an induc-

tive bioresorbable cortical xenograft. It is the type I collagen

protein component of bone, which is a safe and biocompatible

bone graft with osteoinductive properties. It has been used in

periodontal bony defect, postextraction, bone cavity filling,

dehiscence and fenestration, and transalveolar sinus lifting

procedures.

Comprehensive evaluation of the literature reveals that there

are a few studies (Francis et al., 2013) using DMBM for SABG

assessing outcomes for a period of 6 months or 1 year; how-

ever, there is lacunae of long-term prospective studies to eval-

uate bone graft outcomes in terms of bone volume (Stasiak

et al., 2019). Therefore, the aim of this study was to compare

bovine-derived DMBM with iliac crest graft over long term for

SABG in patients with unilateral cleft lip and palate (UCLP) in

terms of radiological and clinical outcomes.

Materials and Methods

Study Design and Participants

This prospective, randomized, parallel group controlled trial

was conducted among the patients with CLP presenting to the

Unit of Oral and Maxillofacial Surgery, Oral Health Science

Centre, Postgraduate Institute of Medical Education &

Research, Chandigarh. Ethical clearance was taken from the

ethical committee of the institute (NK/1151/MDS/14162-63).

The patients were recruited between the period of June 2013

and December 2014 and followed up to February 2020.

Included participants had unilateral cleft lip, alveolus and

palate, and were between the age group of 7 and 16 years, while

those with previous alveolar surgery (failed bone graft or gin-

givaperiosteoplasty), bilateral cleft, and with any other sys-

temic disease or syndrome were excluded. Twenty patients

were randomly allocated into 2 groups through a computer-

generated randomized sequence. Opaque envelopes containing

random numbers were preprepared and were kept aside by a

nurse. Patients were asked to pick 1 envelope. They were then

allocated to 2 groups accordingly (Figure 1). Group I included

iliac crest bone graft, whereas group II included bovine-derived

DMBM. Preoperative intraoral periapical and occlusal radio-

graphs were obtained for all the patients. The patients received

orthodontic treatment, and the plan of SABG was decided by

orthodontist after suitable preparation in from of presurgical

expansion of arches with fixed orthodontic appliances or quad

helix appliance, dental extractions, and professional oral pro-

phylaxis. Patients were explained the surgical procedure and

the risk involved through patient information sheet. Patients

and their primary caregiver were then asked to sign the written

informed consent form. It was a double-blind study as the

primary investigator and the analyzer during radiological and

photographic evaluation were unaware of the patient’s allo-

cated group.

Intervention

Surgical procedure. Secondary alveolar bone grafting was per-

formed by the same surgeon using same surgical technique. An

incision was made around the labial component of the fistula

and extended along the margin of the alveolar cleft vertically

toward the alveolus on each side. On reaching alveolar crest,

the incisions were carried within the gingival sulci of the teeth

on their labial aspect. In the lesser segment, the incision was

extended to the molar region, while that in larger segment was

extended till premolar region. Next, an oblique and posteriorly

directed back cut was made toward the vestibule. The muco-

periosteum was elevated off the bony walls of the cleft from the

alveolar crest to the nasal floor, exposing the lateral aspect of

the anterior nasal spine and the lower pyriform rim. Palatal

mucoperiosteum was mobilized and retracted, the soft tissue

within the fistula on the palatal side was dissected superiorly to

the nasal floor. This tissue was turned over toward and used to

reconstruct the nasal floor. Closure of the nasal layer proceeds

from posterior to anterior using a 4-0 resorbable Vicryl suture.

Figure 1. CONSORT flowchart.
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The palatal flaps were then advanced medially and secured

together with interrupted 4-0 resorbable sutures. At this time,

before placement of the bone graft, adequate labial soft-tissue

mobility was confirmed that provided a tension-free closure

over the bone graft. Alveolar cleft sites were filled with can-

cellous bone harvested from anterior iliac crest using conven-

tional trapdoor technique in group I patient. In group II

patients, bovine-derived DMBM—Osseograft (Advanced Bio-

tech Private Limited; size *250 mm) mixed with autologous

blood was placed followed by covering it with absorbable type

I collagen membrane (Healguide; Advanced Biotech Private

Limited). Analgesics, antibiotics, and chlorhexidine

mouthwash were prescribed according to standard protocol.

Outcomes

Outcomes were assessed at 2 weeks, 6 months, and then after

mean follow-up period of 5.25 years (63 months). Since the

patients were recruited at different ages and the treatment of

CLP has patient individualized approach, the follow-up period

varied from 48 to 75 months.

Radiological evaluation. Graft volume was assessed with cone

beam computed tomography (CBCT; Kodak 9500 cone beam

3-D system; Carestream Health). Small field of view (9 � 15)

with a minimum of 0.2 mm voxel size was used, and volu-

metric data were reconstructed and sectioned into 1 mm iso-

tropic volume in axial section. Short-term radiological

evaluation was performed at 2 weeks postoperatively and at

6-month follow-up. The volume of harvested bone was calcu-

lated using the Cavalieri principle and the planimetry

technique.

Cavalieri principle is a steoreological method of volume

estimation of various biological tissues/organs (Emirzeoglu

et al., 2005; Bayram et al., 2012). It gives numerical values,

thereby providing accurate quantitative measurements (Gun-

dersen & Jensen, 1987) by multiplying total area of the parallel

section with the slice thickness. The surface area of every

section was measured by means of the planimetry technique,

using Image J software (Figure 2A). The sum of the areas was

used to estimate the volume using the following formula:

V ¼ t � SA; where t refers to the section thickness of consec-

utive sections and SA is the total sectional area of the consec-

utive sections. This method though gave very authentic results

but could only be used as long as new bone could be delineated.

Therefore, long-term assessment was conducted at mean

follow-up period of 5.25 year (63 months) on the basis of

method adopted from a previous study conducted by Anver

et al. (2020) in which bone was evaluated both horizontally

(horizontal score) and vertically (vertical score). This modified

scale has been derived from other 2 scales documented by

Suomalainen et al. (2014) and Wangsrimongkol et al. (2013).

It was again done using CBCT images sections. For vertical

height measurement of newly formed bone, the tooth mesial to

the cleft was selected and a line along the long axis of tooth was

drawn. It was then divided into 4 equal sections from apex to

Figure 2. A, Volumetric evaluation by Cavalieri principle and planimetry technique using image J software in 1-mm axial sections. B, Vertical
score 0 to 4 (white lines). C, Horizontal score 0 to 4 (white lines) using tooth mesial to cleft by modified assessment tool (Anver et al., 2020).
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1 mm below the cementoenamel junction. Taking these sec-

tions as reference, bone height was measured and scored from 0

to 4. “Score 0 denotes 0% to 24% of expected bone height,

1 ¼ 25% to 49% of expected bone height, 2 ¼ 50% to 74% of

expected bone height, 3 ¼ 75% to 99% of expected bone

height, and 4 ¼ 100% of expected bone height” (Figure 2B).

Horizontal dimension of bone was estimated on the distal

aspect of tooth mesial to the cleft. At mid root level, taking

labiolingual width of the tooth as reference value, scoring for

new bone formation was done from 0 to 4. “Score 0 means no

bone present, 1 ¼ 0% to 49% of root width covered by bone,

2 ¼ 50% to 99% of the root width covered by bone, 3 ¼ 100%
of the root width covered by bone, and 4 means bone extends

beyond width of root in both dimensions” (Figure 2C). The

CBCT images were evaluated by 2 independent examiners for

which k value was calculated to test for inter-rater reliability.

This method was also implied at 6 months to ensure a common

method of bone evaluation at short- and long-term follow-up.

Clinical evaluation. Clinical examination was done preopera-

tively, 14th day and after 6 months.

Preoperative evaluation. It included clinical history and exam-

ination; preoperative facial measurement (cm) done using

3 lines: line 1 from the tip of tragus of the right ear to the

midpoint of philtrum of the upper lip; line 2 from the midpoint

of philtrum of the upper lip to the tip of tragus of the left ear;

and line 3 from lateral canthus of eye on cleft side to soft-tissue

pogonion. Nasal alar base symmetry was evaluated preopera-

tively and postoperative after 6 months using extraoral photo-

graphs by 2 blinded observers. Examiners graded patients from

0 to 3 on the basis of criteria used earlier by Dickson et al.

Score 0 ¼ minimum or no change from preoperative alar base

position. Score 1 ¼ 25% to 50% improvement. Score 2 ¼ 50%
to 75% improvement, and score 3 ¼ 75% to 100%
improvement.

Intraoperative evaluation. It involved recording of time taken

for the surgery (minutes).

Postoperative evaluation. It was done on the first, second, and

fourteenth days and later at 6 months. It included pain at grafted

site by Visual Analogue Scale (VAS), swelling by comparing

with preoperative facial measurement, infection of cleft site,

dehiscence, alar base symmetry, length of hospital stay, cost of

procedure, and iliac crest site morbidity such as pain, gait dis-

turbance, infection, hematoma, paresthesias, and scarring.

Orthodontic treatments began after 6 months and orthodonti-

cally/spontaneous tooth movements were recorded at month

6 and then at subsequent orthodontic treatment visits.

Statistical analysis. The continuous data were presented as mean

+ SD. First, the normality of the data was assessed by Shapiro-

Wilk test. Descriptive and inferential statistics were used.

Means of 2 groups were compared using Mann-Whitney U test.

Time-related variables were compared using paired t test and

Wilcoxon signed-rank test as applicable. Qualitative or catego-

rical variables were described as frequencies and proportions.

Proportions were compared using w2 test. A P value <.05 sug-

gests statistical significant data. All calculations were done

using SPSS version 21.

Results

There were 10 participants in each group, with comparable

mean age of 12 + 3.23 years in group I and 12.20 + 2.74

years in group II. The sample in group I is composed of 4 males

and 6 females, while that in group II consisted of 7 males and

3 females. Group I had 3 patients with cleft lip and alveolus and

7 with CLP. Group II had 2 patients with cleft lip and alveolus

and 8 patients with CLP. There was no statistically significant

difference between the 2 study groups (P value ¼ .370).

All patients underwent surgical procedure without anes-

thetic complications. Group I and group II had 2 and 3 cases,

respectively, which were lost to follow-up after 6 months.

Radiological Outcomes

Volumetric analysis done at 14th day and 6 months showed that

the volume of grafted bone in both the groups was similar with

no significant difference (Table 1). At 14th day, the volume of

grafted bone was 1564.7 mm3 versus 1557.9 mm3 in group

I and group II. The uptake of the bovine-derived DMBM was

69%, which was found to be similar to the cancellous bone

from anterior iliac crest, that is, 70% in terms of volume after

6 months. Bone resorption in both the groups was same, with a

follow-up period of 6 months, that is, 30% in group I and 31%
in group II (P > .05).

Long-term radiological analysis was conducted to evaluate

vertical and horizontal bone height formation by 2 independent

investigators with substantial agreement (k¼ .78). Vertical and

horizontal discrete scores for each patient are given in Supple-

mentary material. Mean values of both the parameters

Table 1. Comparison of Volume (in mm3) Between 2 Groups at 14th Day and 6 Months.a

Grafted bone volume (mm3) Group Mean + SD Range P value

Volume of graft at 14th day I 1564.74 + 527.22 899.12-2379.68 .975 (NS)
II 1557.98 + 412.09 257.82-1835.26

Volume of bone at 6 months I 1095.46 + 402.59 758.64-2100.99 .907 (NS)
II 1073.82 + 415.13 128.60-1775.36

Abbreviation: , NS, nonsignificant.
aStudent t test.
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suggested that there was no significant difference between the

2 groups at 6 months. Similar outcomes were observed at final

follow-up where difference in the mean values of horizontal

and vertical bone growth was statistically insignificant

(Table 2). Within-group assessment revealed that though there

was bone resorption from 6 months to final follow-up, this

difference was not significant (P < .05; Table 2). Considering

overall changes in bone height and volume over the period of

time, it may be suggested that there was substantial bone

resorption of around 30% in the first 6 months. Thereafter, this

rate was reduced, and a stabilization in the bone dimension was

observed over the mean follow-up period of 5 years.

Clinical Outcomes

Clinical parameters such as pain at grafted site, facial swelling

on first, second, and fourteenth postoperative days were com-

parable in both groups. Improvement in alar base symmetry

was achieved in both groups, around 50% cases in group

I showed 25% to 50% improvement whereas in group II it was

as high as 70%. There was no significant difference in the time

taken for surgery and duration of hospital stay between the

groups. However, the cost of surgery in group II was signifi-

cantly higher than that in group I, which was due to the addi-

tional cost of bone grafted and collagen membrane (Table 3).

Surgery using Osseograft along with Healguide collagen mem-

brane cost almost double to that of iliac crest graft. None of the

patient showed infection at the grafted site or complete dehis-

cence. In group I, 3 patients showed partial dehiscence without

bone loss, whereas in group II, 1 patient showed partial dehis-

cence with slight bone loss but uneventful healing while other

3 had partial dehiscence without bone loss. It was seen that the

unerupted tooth could erupt through the grafted bone in

3 patients in group I and 1 in group II, whereas orthodontic

movement of the adjacent teeth in the grafted bone was

achieved in 4 patients in each group (Figure 3A-G).

Morbidities Associated With Iliac Crest Harvesting

Pain due to iliac crest harvesting was moderate to severe in

intensity seen on the second day in almost all the patients that

ranged from 4 to 10, and 4 patients showed pain even at

14th day that ranged from 1 to 7 on VAS. Gait disturbance was

observed in all patients on day 2 and in 5 patients on day 14,

which resolved over a period of time. Infection was seen in

1 case. Dehiscence, paresthesias, delayed and healing were

seen in 1 case only. Perceptible scar was there in almost all

patients, with 1 patient having extensive scarring at 6 months.

Discussion

The patients with CLP have a complex skeletal deformity that

usually requires surgical intervention at various ages. The

SABG procedure is an integral part of the cleft palate treatment

with numerous benefits.

Radiographic outcome in the terms of height gained by

interalveolar septum postoperatively using Bergland index

(1986) on 2-dimensional radiographs has been used as standard

method to measure success of the graft. However, a three-

Table 2. Comparison Within and Between 2 Groups at 6 Months and Long-Term Follow-Up (63 Months).a

At 6 months

Between groups
P value

Mean follow-up (63 months)

Between groups
P value

Group I, N ¼ 10 Group II, N ¼ 10 Group I Group II, N ¼ 7
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Vertical score 2.90 (0.56) 2.30 (0.82) .093 (NS) 2.50 (0.53) 2.14 (0.90) .44 (NS)
Horizontal score 3.50 (0.70) 3.50 (0.97) .720 (NS) 3.38 (0.51) 3.29 (1.11) .69 (NS)
Within groups P value .083 (NS) .157 (NS) .317 (NS) .157 (NS)

Abbreviation: NS, nonsignificant.
aMann-Whitney U test and Wilcoxon signed-rank test.

Table 3. Demographic and Clinical Parameters Between 2 Groups.

Criteria Group I Group II P value

Mean age (year) 12 + 3.23 12.20 + 2.74 .88 (NS)
Mean time taken

for surgery
(minutes)

111.20 + 42.63 109.10 + 29.48 .9 (NS)

Median pain score at cleft site (VAS)
24 hours 2 2.5 .577 (NS)
48 hours 1.5 1.5 .935 (NS)
2 weeks 0.75 0 1.00 (NS)

Swelling (cm), mean + SD
1st day

Horizontal 13.64 + 0.94 13.50 + 0.77 .72 (NS)
Vertical 11.26 + 0.65 11.22 + 0.76 .90 (NS)

2nd day
Horizontal 13.50 + 1.01 13.46 + 1.02 .93 (NS)
Vertical 11.26 + 0.98 11.23 + 0.97 .94 (NS)

14th day
Horizontal 12.77 + 1.13 12.83 + 1.03 .90 (NS)
Vertical 10.81 + 0.74 10.64 + 0.99 .67 (NS)

Mean duration of
hospital stay
(days)

6 + 1.054 5.10 + 2.183 .256 (NS)

Mean cost of
surgery

6120 + 3475.88 11242.80 + 2531 .001 (S)

Alar base symmetry, N (%)
0 5 (50) 3 (30) .65 (NS)
1 5 (50) 7 (70)

Abbreviations: NS, nonsignificant; VAS, Visual Analog Scale.
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dimensional CBCT provides a more precise and meticulous

analysis and hence was the tool of choice in this study (Wait-

zmann et al., 1992; Rosenstein et al., 1997). Moreover, Dick-

inson et al. (2008) had earlier performed volumetric analysis

and compared the 2 groups, rhBMP versus Iliac crest, at pre-

operative and 6-month follow-up using 1-mm axial section

using Image J program in CBCT and observed that small field

of view was used, which effectively reduces the amount of

radiation exposure.

Actual volume of the bone formed was assessed using Cava-

lieri principle, a stereological method, which has been used

earlier for volumetric estimation of mandibular condyle and

brain by Bayram et al. (2012) and Rosen et al. (1990), respec-

tively. This technique has been used for the first time in the

quantitative volumetric assessment in secondary alveolar bone

grafting procedure. The volume of bone graft required to com-

pletely fill the alveolus was comparable (1564 mm3 vs 1557

mm3) in 2 groups. Therefore, both the groups were similar in all

the aspects.

Our outcomes at 6-month follow-up are in agreement with

study by Zhang et al. (2012), who reported that the average loss

of bone volume after 6 months was 29.3% using iliac crest with

CBCT. Similarly, success rate using cancellous bone is usually

reported to be greater than 80% (Bergland et al., 1986; Korte-

bein et al., 1991). In the current study, it was found to be around

70%. Success rate in group II was 69%, which was in agree-

ment with the study by Kim et al. (2010) who reported it to be

61.7%. Thuakaban and Nuntanaranont. (2006) using

2-dimensional occlusal radiographs compared similar groups,

that is, iliac crest graft and deproteinized bovine bone with iliac

crest graft, and showed 31% and 27% resorption, respectively,

after 2 years. This method gave more precise and impeccable

results; however, it could not be used for long-term follow-up

as over time, it becomes almost impossible to clearly delineate

the newly formed bone from the previously existing bone.

Therefore, another scale was incorporated as modified

assessment tool for long-term follow-up. At 6 months, our

findings depict 75% to 100% vertical bone formation in 8 cases

of iliac crest graft, which is in accordance with to that reported

by Suomalainen et al. (2014). However, in our study, the num-

ber of patients (9) with 75% to 100% horizontal bone growth

was higher. Considering long-term follow-up, mean values for

both horizontal and vertical bone growth in both the groups

were in accordance to those reported by Anver et al. (2020),

who conducted retrospective study on patients with CLP

treated with iliac bone graft and observed the radiographic

Figure 3. Tooth movement through the grafted bone in both groups: group I (A-C), group II (D-G). A, Preoperative orthopantomogram
(OPG). B, OPG at 6- month follow-up. C, OPG at 73-month follow-up showed canine eruption through grafted bone. D, Preoperative lateral
view of canine (13). E, Preoperative occlusal view. F, Postoperative lateral view showing eruption of canine (13) through grafted bone. G,
Postoperative occlusal view showing alignment of canine (13) within arch.
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changes in the bone formed over 6 years. Trindade et al. (2012)

reported more than 75% growth in height of interdental bone in

about 70% to 80% patients with 4-year follow-up using Berg-

land scale; whereas in our study, only 4 cases had more than

75% vertical growth at the final follow-up. This difference was

perhaps due to higher sensitivity and accuracy of CBCT used in

our study in contrast to 2-dimensional radiographs used in the

aforesaid study. Resorption of the bone formed over the follow-

up period was also insignificant within the groups, thereby

reaffirming the effectiveness of bovine-derived DMBM—

Osseograft, similar to other studies (Kim et al., 2010; Benlidayi

et al., 2012). Overall changes in the bone were in accordance to

those reported by Feichtinger et al. (2007), who observed bone

loss of 49.5% in 1 year followed by stabilization for over the

next 2 years. Initial bone resorption followed by stabilization

was probably due to stimulation of grafted bone either through

orthodontic movement or through canine eruption.

Further considering clinical parameters, pain at iliac crest

harvested site was moderate to high within the range of 4 to 10.

Pain gradually reduced in intensity in 6 patients, except in

4 patients who experienced pain even at 14th day. Our results

were in concordance to Swan et al. (2006) who reported VAS

scores in the range of 2 to 10 at iliac crest harvested site. In our

study, infection was noted in 1 patient after 10 days, which was

managed with local injection of antibiotics, leading to resolu-

tion of the symptoms. Gait disturbance was seen in all the

patients of group I at day 2, which was subsequently persisted

in 5 patients at day 14. Similar findings were reported by Swan

et al. (2006) where median time taken until the child could

walk “normally” was 7 days (range 0-56). Generally, patients

in the group I required slightly longer duration of stay because

of pain and difficulty in walking for few days. Five points

included in our study were modified from the study by Yuasa

and Sugiura. (2004) and Bamgbose et al. (2005) for the facial

swelling measurement. The present study showed no difference

in the facial swelling between the 2 groups at various time

interval. Therefore, there was no additional inflammatory

response to bovine-derived DMBM in group II. Factors such

as cleft morphology and alveolar cleft width might affect the

improvement in alar base symmetry. Dickinson et al. (2008)

studied alar base support and showed comparable grades in

improvement in patients treated with BMP-2 versus iliac bone

graft. Correspondingly, in our study, the alar base augmenta-

tion was similar between the 2 groups.

To the best of our knowledge, Cavalieri principle used for

the volumetric analysis of the bone formed following SABG in

this study is a novel approach. Strong study design diminishes

the possible sources of bias, such as reporting bias, detection

bias, and Hawthorne effect. As per the recent systematic review

by Stasiak et al. (2019), there is dearth of long-term prospective

studies in this area. Our study addresses this gap by assessing

not only short-term but also long-term (63 months) outcomes.

Data collection and evaluation over at all follow-up and further

contrasting their radiological outcomes both within groups and

between groups is a comprehensive approach to draw any

conclusion.

The major limitation of our study was the small sample size

owing to limited time frame of recruitment. Therefore, the out-

comes cannot be generalized. Five cases were lost to long-term

follow-up, thereby skewing the outcomes. Participants

included had a broad range of age at the time of recruitment

influencing the final aggregate. The preoperative imaging was

done with occlusal and periapical radiographs, which cannot

exclude the possibility that the DMBM group might had a

preoperative alveolar bone defect smaller than the iliac crest

bone graft group. Moreover, the novel method of volumetric

analysis could not be used for long-term analysis.

Conclusion

Bovine-derived DMBM proved analogous to iliac crest bone

graft through volumetric analysis. However, although statisti-

cally insignificant, net bone volume achieved was lower than

the iliac crest graft at longer follow-up. The DMBM provided

similar outcomes in most of the clinical parameters evaluated

and prevented the donor site morbidity.
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