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Abstract

Introduction: Alveolar ridge augmentation is often required before dental implant

placement. In this context, autologous bone grafts are considered the biological gold

standard. Still, bone block harvesting is accompanied by some serious potential disad-

vantages and possible complications, such as pain, bleeding, and nerve irritation. Sev-

eral studies aimed to compare autologous to allogeneic bone grafts concerning bone

quality and implant survival rates; this is the first prospective study analyzing and

comparing morbidity-related parameters after alveolar ridge augmentation using

autogenous and allogeneic bone blocks from patients' perspective.

Methods: Using a questionnaire, 36 patients were asked to evaluate the surgery as

well as the post-operative period concerning pain, stress, sensibility deficits, satisfac-

tion with, and consequences from the surgery as well as the preferred procedure for

future alveolar ridge augmentations.

Results: No significant differences were shown regarding stress and pain during and

after surgery, whereas the rate of nerve irritations was twice as high in the autolo-

gous group. The swelling was significantly higher in patients with autologous bone

blocks (p = 0.001). Nevertheless, the overall satisfaction of patients of both groups

was very high, with over 8/10 points.

Conclusions: The swelling was the main reason for patients' discomfort in both

groups and was significantly higher after autologous bone augmentation. Since this

side effect seems to be a highly relevant factor for patients' comfort and satisfaction,

it needs to be discussed during preoperative consultation to allow shared decision-

making considering the anticipated morbidity.
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What is known?

Autologous bone grafts are considered the biological gold standard for alveolar ridge

augmentation. However, they are associated with donor side morbidity. Comparisons between

autologous and allogeneic grafts regarding bone quality and implant survival show equivalent

results.

What this study adds?

This is the second prospective cohort study particularly analyzing the morbidity of autologous

to allogeneic bone grafts concerning the patients' perspectives. It suggests higher morbidity and

more side effects after autologous bone graftig.

1 | INTRODUCTION

Alveolar ridge augmentation is often required before dental implant

placement. The optimal grafting material must have osteoinductive,

osteoconductive, and osteogenic characteristics. Furthermore, new

bone formation and sufficient long-time stability of the grafted sites

must be ensured.1

Depending on the defect size and morphology, different options

are given. Rather small defects may easily be augmented with particu-

late graft material of autologous, allogeneic, xenogeneic, or alloplastic

origin with or without membrane coverage, namely guided-bone

regeneration (GBR); large defects, especially class III and IV defects

with horizontal or vertical deficits of more than 3 mm demand for

more complex procedures like bone block augmentation or shell

technique.2–5 Nowadays, autologous bone grafts from intraoral donor

regions, such as the external oblique line, are regarded as the biologi-

cal “gold standard” due to their favorable biological characteristics

and features. These grafts are well-established and extensively docu-

mented in clinical use, and neither immunological reactions nor intol-

erances are known. Furthermore, they show a high resorbability and a

sufficient remodeling capacity.6–9

Considering the morbidity and potential complications caused by a

secondary harvesting defect and an additional invasive intervention, it

must be questioned if autologous bone is still the gold standard. When

harvesting cortical bone blocks, for example, for onlay osteoplasty or

shell technique, from the external oblique line, a considerably longer

operation time may be accompanied by side effects like pain, swelling,

and masticatory dysfunction. Furthermore, nerve irritation or damage,

especially of the inferior alveolar nerve, is reported in 7% of cases leading

to temporary or even permanent numbness of the teeth, lip, and chin, or

neuropathy may be causing chronic pain—complications massively

affecting patients' comfort, and in worst case scenario, further life.10–14

Commercially available alternatives to autologous blocks com-

prise allogeneic and xenogeneic bone blocks, while blocks of xenoge-

neic origin show inferior results compared to both, autologous and

allogeneic grafts.5,15 Comparing the latter, autologous grafts show

better osseointegration, less resorption, and a low complication

rate.5,16–18 Contrarily, Kloss and colleagues19 were able to demon-

strate homologous results regarding resorption and bone height

gained in vertical and lateral augmentation over 1 year after block

augmentation. Analogous findings were obtained in several studies

showing satisfying results concerning vertical and horizontal bone

height after augmentation with allografts accompanied by a low com-

plication rate.20–23 Comparing autologous and allogeneic cortical bone

blocks for shell technique, Tunkel and colleagues showed comparable

results regarding vertical and horizontal augmentation gain.24

While high long-term success rates are reported for autologous

shells filled with autologous bone particles,25 the evidence on allogeneic

shells are scarce and limited to some case series.26–29 Nevertheless,

allogeneic shells could be favorable in preventing donor site morbidity.

Due to the lack of data regarding intraoperative and postopera-

tive discomfort and morbidity-related parameters experienced by

patients, this questionnaire-based study aimed to assess patients' per-

ception of surgery-related side effects and comfort after either alveo-

lar ridge augmentation with an allogeneic or an autologous bone block

harvested from the retromolar region.

2 | MATERIALS AND METHODS

In total, 36 patients treated at the Department of Oral and Maxillofa-

cial Surgery of the University Medical Center Mainz (Germany), the

Federal Armed Forces Hospital (Germany), the Private Practice for

Oral and Maxillofacial Surgery in Lienz (Austria), and the Private Prac-

tice for Oral Surgery and Periodontology in Bad Oeynhausen

(Germany) over a 12-month period were included within this prospec-

tive observational study after approval of the local ethics committee

(Nr. 2018-13 776-Epidemiologie). The study was registered prospec-

tively in the German Registry of Clinical Studies (DRKS00027341).

Patients were informed about the study during consultation and

planning of the dentoalveolar treatment. If interested, a detailed

explanation was given; information about the study was handed out
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in written form, and informed consent was obtained. All patients were

equally informed about the postoperative behavior, such as physical

rest and soft diet. Four surgeons performed the operations (JT, FK,

AP, and PWK), explained the study to the patients, and handed the

forms. The surgeons were not calibrated; examinations were unneces-

sary since the patients filled out the questionnaire.

2.1 | Inclusion and exclusion criteria

Adult patients who were treated at one of the aforementioned

departments and private practices who were planning to get either an

autologous or an allogeneic bone block for alveolar ridge augmenta-

tion were included in the study. During the appointment, a detailed

explanation was given about the procedures' advantages, disadvan-

tages, possibilities, and limitations. A decision was made with the

patient (shared decision-making) for the procedure of choice. Subse-

quently, the patients were asked whether they would like to partici-

pate in the study, and if they agreed, they were informed about the

study. Exclusion criteria were age under 18 years, mental disability,

pre-existing chronic pain (especially in the head and neck region),

patients taking bisphosphonates or being radiated in the head and

neck region, patients with acute or chronic infections within the

mouth as well as refusal to participate in the study. Only augmenta-

tions of the mandible were included.

Defects treated within this study were class 3/4 and 4/4 defects.2

2.2 | Study design

The study was designed as an observational multicentric

questionnaire-based trial. All procedures were performed according to

hygienic and surgical standards by experienced oral and maxillofacial

surgeons and oral surgeons. Before the surgical procedure, the ques-

tionnaire was handed out to the patients, potential questions were

discussed, and they were asked to return after completion. The time

frame for filling out the questionnaire was 10 days after surgery (time

of removal of the sutures). By that, we intended to check postopera-

tive morbidity only by excluding the potential influence of sedation

procedures. Before the study, internal and external questionnaire

evaluation was performed according to international guidelines. The

validation sample data were collected between 2021 and 2022 as a

part of baseline data. First, the questionnaire was validated by an

expert group consisting of oral and maxillofacial surgeons and specifi-

cally trained personnel for assessing patient-reported outcomes

(n = 5 each). After expert validation, an independent sample repre-

senting the dissimilar target population was consulted. Face and con-

struct validity were guaranteed.

Since no comparable study has been published yet, calibration

and statistical validation were impossible. Furthermore, the indepen-

dence of each question and the respective analysis limits the risk of

systemic error, which is involved in complex questionnaires evaluating

higher constructs.

2.3 | Surgery

The surgery was performed under local anesthesia with light intra-

venous sedation reflecting the clinical practice of the involved cen-

ters. Depending on the defect size and morphology, a crestal

incision with trapezium-shaped or marginal relieving incisions was

performed in the defect region to raise a full-thickness mucoperios-

teal flap. The underlying bone was cleaned from the connective tis-

sue residues and measured by a sterile caliper to estimate the

defect size and bone needed for augmentation. Since all defects

could have been augmented with both allogeneic material and a

block from the external oblique line of the mandible only, the

defect size was limited (as stated above, class 3/4 and 4/4 defects

according to the Terheyden classification).

Postoperatively, all patients received oral antibiotics (amoxicillin

and clavulanic acid 875/125 mg) preoperatively and for 7 days after

surgery. Analgesia was provided with ibuprofen 600 mg up to four

times a day for a maximum of 2 days, and patients were also

instructed to rinse with chlorhexidine-digluconate thrice daily.

2.4 | Autologous bone graft

Autologous bone blocks and shells were harvested from the external

oblique line of the mandible as already described by Khoury and Han-

ser13 In short, a trapezius-like incision was made, followed by sub-

periosteal preparation. Depending on the defect size, the tissue avail-

able at the donor site and the bone quality needed for augmentation

were harvested using a microsaw or piezosurgery. The harvested

bone blocks were split into two pieces for the shell technique or left

in their continuity to allow augmentation with a bone block as onlay

osteoplasty. The further procedure was the same as for augmentation

with an allogeneic block.

2.5 | Allogeneic bone graft

In case of allogeneic bone block and cortical plate insertion, the bone

was adjusted to the defect size, and sharp edges were smoothened.

Cortical plates (maxgraft® cortico, botiss biomaterials GmbH, Zossen,

Germany) were rehydrated with 0.9% saline at room temperature for

at least 10–20 min to increase the breaking strength and flexibility as

described elsewhere.30 At least two microscrews were used to fixate

the shell buccally and/or orally. The cavity was filled with either

autogenous or allogenous granules or a mixture of allogeneic and

autologous particles harvested from the augmentation site using a

bone scraper. Mobilization of the mouth floor was performed, and

a periosteal incision was made in the buccal region of the lower jaw to

allow tension-free closure of the augmented area (protocol described

earlier by Tunkel and colleagues24). In case of bone block insertion,

the bone was adjusted to the defect size and sharp edges were

smoothened. Allogeneic bone blocks were fixed with at least two

microscrews as well. While adjusting screws were used for the shell
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technique, blocks used lag screws. Using blocks, special attention was

spent on a perfect fit of the blocks on the defect region.

2.6 | Statistics

A sample size calculation was performed. To achieve a study power of at

least 90%, 16 patients were required in each of the two experimental

groups. In 2016, Aslan and colleagues31 reported a pain intensity after

allogeneic bone block insertion of 2.5 on the third postoperative day

(visual analog scale (VAS) = 0–10), while no pain was reported by the

seventh postoperative day. In contrast, Nkenke and colleagues32 ana-

lyzed the degree of morbidity after harvesting oral bone blocks for alveo-

lar ridge augmentation and found that the average pain intensity

(converted from a 0–100 VAS to a 0–10 VAS) was 6.4. Based on these

data, the sample size calculation was performed using a slightly smaller

difference in VAS between the groups (3 vs. 6 points on the VAS).

Cohen0sd¼M1�M2

SD
¼6�3

2:5
¼1:2

According to Ryan and colleagues “Sample Size Determination and

Power. Wiley Series in Probability and Statistics” the following results:

N¼2� z1�α=2þ z1�β

� �

δ
σ

� �2

With an effect size of d = 1.2 and a power of 0.9, it would take

16 subjects per group (32 total) to achieve significant results with a

two-sided unpaired t-test (α = 0.05).

These calculations are also consistent with the sample size calcu-

lations of other studies that assessed the morbidity after bone block

harvest or augmentation (Nkenke and colleagues 2001 [20 patients]

and Krasny and colleagues 2015 [21 patients]), whereas a similar

study aiming to analyze pain included even fewer patients per group

(Hartlev and colleagues 2020 [14 patients]).

The questionnaire used in this study is found in Table 1.

Statistics were performed using IBM SPSS Statistics for

Macintosh, version 27 (Armonk, NY, USA, IBM Corp). To analyze

the differences between the measured values, normality

(Kolmogorov–Smirnov) and homogeneity of variance tests

(Levene statistic) were performed at first in order to check the

conditions for the subsequent analysis. The p-values were

obtained with an independent samples t-test. A p-value <0.05

was termed significant.

3 | RESULTS

A total of 36 patients were treated with either allogeneic

(n = 20) or autologous (n = 16) bone grafts for alveolar ridge

augmentation. Neither patient suffered from systemic diseases,

smoked, or met the exclusion criteria, which could potentially

affect the surgery's outcome. Eleven women and nine men were

assigned to the allogeneic group, and nine women and seven

men to the autologous group (mean 42 years; SD = 5.3 years). In

the initial healing phase of 10 days observed in this study, there

was one delayed wound healing in the allogeneic and one in the

autologous group. Though, no further intervention was needed.

No patient reported an additional need for analgesics exceeding

the recommended amount.

3.1 | Stress

The patients were asked to evaluate the stress caused by the sur-

gery within the first 3 days after surgery and in general. Patients

receiving allogeneic bone for ridge augmentation showed a mean

stress level (VAS = 1–10) of 3.30 ± 2.34 within the first 3 days and

an overall stress level of 3.40 ± 2.62, whereas the pain level was

4.44 ± 2.76 in patients receiving an autologous block for augmen-

tation after 3 days and 3.80 ± 2.54 in general (p > 0.05; Figure 1).

3.2 | Pain

Furthermore, patients were asked if they experienced pain during

the surgery and within the first 3 days after surgery. If yes, they

had to evaluate the pain strength using a VAS ranging from 1 (low

pain level) to 10 (highest pain level conceivable). Three patients in

the allogeneic group stated to perceive pain during the surgery and

rated the pain level at 5.67 ± 1.86. Taken together with the

patients not perceiving any pain (VAS = 0), the pain level was

0.85 ± 0.52 on average. A total of nine patients reported of pain

within the first 3 days after surgery with a mean pain level of 5.22

± 0.88 (2.35 ± 0.71 overall). Two patients within the group receiv-

ing autologous grafts reported of pain during the surgery with a

mean strength of 5.50 ± 0.5 (0.69 ± 0.47). Within the first 3 days

after surgery, eight patients reported of pain with a strength of

5.00 ± 0.76 (2.5 ± 0.74 overall; p > 0.05 each). The mean duration

of pain perceived after surgery was 3.44 ± 1.42 within the alloge-

neic group and 3.38 ± 2.00 within the autologous group without

significant differences (p > 0.05; Figures 2 and 3).

3.3 | Discomfort

If the bone block was harvested from the external oblique line,

patients were asked to state, if bone block harvesting or the insertion

was more unpleasant and if they noticed the second wound originat-

ing from bone block removal. Furthermore, they were asked to evalu-

ate the discomfort originating from the second surgical wound. Seven

patients perceived the block harvesting and one patient the block

insertion to be more unpleasant. Nine/fifteen patients noticed the

second wound originating from block harvesting and 3/11 found

the wound to be discomfortable (Table 2).

4 HEIMES ET AL.

 17088208, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cid.13242 by C

ochrane G
erm

any, W
iley O

nline L
ibrary on [01/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



3.4 | Nerve injury

Being asked for any numbness of the tongue, lip, or cheek, two

patients in the allogeneic group and five patients within the

autologous group confirmed numbness after surgery. The patients

reported of a distress level of 4.40 ± 2.97 (VAS = 1–10) within the

autologous and of 2.50 ± 0.71 within the allogeneic group. The mean

duration of numbness of patients receiving an allogenous bone block

TABLE 1 Questionnaire.

Class Question Answer

Distress How distressing did you perceive the first 1–3 days after surgery? VAS 0–10

Overall, how distressing did you perceive the surgery to be? VAS 0–10

Pain Did you experience any pain during the surgery? Yes/No

If so, how severe was this pain? VAS 0–10

Did you experience pain during the first 1–3 days after surgery? Yes/No

If so, how severe was this pain? VAS 0–10

If so, for how many days after surgery did you experience pain? Ordinal (days)

Discomfort If the bone used was harvested from your jaw: Did you find the removal of the bone or the

insertion into the bone defect more unpleasant?

Categorial

(harvest/insertion)

If the bone used was harvested from your jaw: Did you notice the second surgical wound

(wound of the bone removal) in your mouth after the surgery?

Yes/No

If yes, did you experience any discomfort from this second surgical wound? Yes/No

Nerve injury Did you feel any numbness of the tongue, lower lip, or cheek in the first 1–3 days after

surgery?

Yes/No

If so, how distressing did you perceive this numbness to be? VAS 0–10

If so, how long did this numbness last? Ordinal (days)

Swelling How much swelling did you experience after surgery? VAS 0–10

How stressful did you consider the swelling after the surgery? VAS 0–10

Satisfaction Would you have the procedure performed on you again? Yes/No

Case no, why not? Free text

Would you recommend the procedure to your relatives and friends? Yes/No

Case no, why not? Free text

Overall, did the procedure meet your expectations? Yes/No

Case no, why not? Free text

Medical condition How many days after the procedure were you completely free of symptoms? Ordinal (days)

Which symptoms were the worst for you after the surgery? Free text

For you, what was the most discomforting part of the entire treatment? Free text

How satisfied are you with the treatment overall? VAS 0–10

Postoperative

choice

Would you have any concerns about the use of the bone or bone substitute materials listed

below if they were to be used in your mouth or jaw: (a) Bone from yourself (e.g., taken from

your own lower jaw).

Yes/No

Case yes, why? Free text

Would you have any concerns about the use of the bone or bone substitute materials listed

below if they were to be used in your mouth or jaw: (b) Bone donated by another person

(taken from a living or deceased donor)

Yes/No

Case yes, why? Free text

Would you have any concerns about the use of the bone or bone substitute materials listed

below if they were to be used in your mouth or jaw: (c) bovine bone (taken from a deceased

bovine animal)

Yes/No

Case yes, why? Free text

Would you have any concerns about the use of the bone or bone substitute materials listed

below if they were to be used in your mouth or jaw: (d) Artificial bone (bone made exclusively

from artificial/synthetic materials).

Yes/No

Case yes, why? Free text

Abbreviation: VAS, visual analog scale.

HEIMES ET AL. 5
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was 4 days and 4.40 ± 2.30 days of patients receiving an autologous

bone block for alveolar ridge augmentation (p > 0.05 each; Figure 4).

3.5 | Swelling

Patients were further asked for swelling experienced after sur-

gery as well as the discomfort originating from this side effect.

Using a VAS, patients being assigned to the allogeneic group

reported of a mean level of swelling of 3.60 ± 2.21 and a mean

discomfort of 2.79 ± 1.84. The severity of swelling was reported

to be 6.25 ± 2.21 (p = 0.001) and the discomfort originating

from this to be 4.60 ± 2.17 within the autologous group

(p = 0.013; Figure 5).

3.6 | Satisfaction

The patients were asked to answer if they would have the surgery

performed again, if they would recommend this procedure to their rel-

atives and if the operation met their expectations. One hundred per-

cent of patients receiving an allogeneic bone block would repeat the

procedure for alveolar ridge augmentation, 20/20 patients would rec-

ommend the surgery to their relatives and 19/20 patients stated that

the surgery met their expectations. After autologous bone block aug-

mentation, 87.5% patients stated, that they would have the surgery

performed again and 14/15 patients to recommend the procedure to

their relatives. A total of 12/16 patients stated that the procedure

met their expectations (Table 3).

3.7 | Medical condition

Being asked after how many days the patients were free of symp-

toms, which symptoms were worst after surgery and what was the

F IGURE 2 Number of
patients perceiving pain during
surgery and number of patients
perceiving pain within 3 days
after surgery.

F IGURE 1 Stress within the first 3 days after surgery. M, mean
value; ns, nonsignificant; VAS, visual analog scale.

6 HEIMES ET AL.
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most discomforting part of the whole procedure, patients being

treated with allogeneic blocks were free of symptoms after a mean

of 3.89 ± 2.22 days. They found the swelling to be the worst part

after surgery, followed by pain and masticatory dysfunction. Dis-

comfort overall was reported to be perceived due to pain, the local

anesthesia, the duration of the surgery and the sutures. On the

other hand, patients receiving an autologous bone block reported

of being free of symptoms after 5.19 ± 1.56 days on average

(p = 0.048). The swelling was reported to be the worst part after

the surgery followed by pain and hematoma. Local anesthesia, pain,

and swelling were reported to be the most discomforting part over-

all (Figures 6 and 7).

3.8 | Overall satisfaction

Patients receiving allogeneic bone block grafts rated their

satisfaction with the treatment (VAS = 1–10 with 1 meaning

totally unsatisfied and 10 totally being satisfied) at 9.40 ± 1.79 on

average and the autologous group at 8.56 ± 2.63 (p > 0.05;

Figure 8).

3.9 | Postoperative choice

Postoperatively, patients were asked if they would have any con-

cerns regarding the use of bone or bone substitute materials if it

was to be used in their mouth or jaw. The question referred to

the use of (a) autologous, (b) allogeneic, (c) xenogeneic, and

(d) alloplastic material/artificial bone. Ten patients of the allogeneic

group stated to have concerns if autologous bone was used in their

jaw. Concerns regarding this material was mostly explained by the

morbidity expected by the patients. Of those patients, no one stated

concerns if allogeneic, one if xenogeneic (due to better alternatives)

and two if alloplastic material (due to better alternatives) would be

used in their mouth. Three patients receiving autologous bone

blocks stated concerns regarding the use of this material due to the

morbidity associated with the surgery; a total of six patients stated

concerns regarding the use of allogeneic (due to the idea of less tis-

sue integration compared to autologous material, the feeling of

receiving material from donors to be morbid/unnatural and a lack of

trust to the scientific evidence), five of xenogeneic (psychological

problems with the foreign/animal material and fear to get an infec-

tion), and three of alloplastic material (due to the fear of less tissue

integration).

A summary of all results can be found under Supporting Informa-

tion (Table S1).

4 | DISCUSSION

Patients' desire for fixed prostheses in partially or fully edentulous

situations can often only be met using implant-supported prosthe-

ses. However, bone supply must be sufficient even with short or

diameter-reduced dental implants. The most common reason for

an insufficient initial osseous situation, however, is the physiologi-

cal atrophy of the alveolar ridge and the entire jawbone after tooth

loss, which amounts to �25% of the original bone volume in the

first year after tooth loss and �40%–60% within the first

5 years.33,34 So far, autologous bone has been referred to the bio-

logical gold standard because it possesses all the properties of an

optimal material for bone augmentation. However, these advan-

tages are also offset by some limitations and disadvantages of

autologous bone, which are primarily related to harvesting

TABLE 2 Number of patients receiving autologous bone blocks
for alveolar ridge augmentation (a) reporting of more discomfort due
to either block harvesting or insertion, (b) perceiving the harvesting
area as second surgical area at all, and (c) feeling discomfort die to the
second surgical wound.

If the bone used was harvested from your

jaw: Did you find the removal of the

bone or the insertion into the bone

defect more unpleasant?

Harvesting: 7 patients

Insertion: 1 patient

If the bone used was harvested from your

jaw: Did you notice the second surgical

wound (wound of the bone removal) in

your mouth after the surgery?

9/15 patients

If yes, did you experience any discomfort

from this second surgical wound?

3/11 patients

F IGURE 3 Pain intensity within 3 days after surgery and duration
of pain perceived after surgery. M, mean value; ns, nonsignificant;
VAS, visual analog scale.

HEIMES ET AL. 7
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morbidity. This has led to the development and widespread use of

osseous grafts of other origins. Among these, allogeneic bone

blocks and shells enjoy the greatest popularity and simultaneously

show the most promising results.

Draenert and colleagues suggested classifying complex bone aug-

mentations into (I) osteotomy techniques (sandwich and bone split),

(II) distraction osteogenesis, (III) particulate techniques (GBR), and

(IV) block techniques (block and lamellae).35 While most studies aim to

clinically compare autologous and allogeneic bone blocks for alveolar

ridge augmentation, there has been a lack regarding the patient's per-

spective of these procedures.

Thus, this study aimed to compare morbidity-related parameters

using allogeneic and autologous bone blocks for alveolar ridge aug-

mentation from patients' perspective.

Within this study, no statistically significant difference could be

shown regarding stress due to and over 3 days after surgery, whereas

the group receiving an autologous bone graft suffered more stress

(1 point on VAS on average) than the allogeneic group. Interestingly,

no difference in pain perception during and 3 days after surgery could

be found. Furthermore, the duration of pain was similar between the

groups. More than half of the patients having been augmented with

autologous bone blocks noticed the second wound, and most patients

TABLE 3 Number of patients stating (a) to would repeat the
procedure, (b) to recommend this surgery to their family and friends,
and (c) that the procedure met their expectations.

Would you have the procedure

performed on you again?

14/16 20/20

Would you recommend the procedure

to your relatives and friends?

14/15 20/20

Overall, did the procedure meet your

expectations?

12/16 19/20

F IGURE 6 Duration of discomfort after surgery. M, mean value.
F IGURE 5 (a) Extend of and (b) discomfort due to postoperative
swelling. M, mean value; VAS, visual analog scale.

F IGURE 4 Number of
patients feeling numbness of the
tongue, lip, or cheek.

8 HEIMES ET AL.
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found the harvesting to be more uncomfortable than the insertion.

The rate of nerve irritations due to surgery was twice as high in the

autologous group compared to the patients receiving allogeneic bone

blocks, and the strain rated higher. In contrast, the duration of sensory

disturbances did not differ (4 days on average). With three points dif-

ference in the VAS, swelling and discomfort due to swelling were sig-

nificantly higher in patients with autologous bone blocks. The swelling

was perceived as the main reason for discomfort in both groups and

therefore seemed to be a highly relevant factor for patients' comfort

and satisfaction. Besides, patients with autologous bone grafts

described feeling discomfort on average 1.5 days longer than patients

receiving allogeneic bone grafts. Nevertheless, the overall satisfaction

of patients of both groups was very high, with over 8/10 points on

the VAS. Interestingly, patients having been augmented with alloge-

neic bone blocks expressed little concerns regarding the use of aug-

mentation material of allogeneic, xenogeneic and alloplastic material,

whereas the major concern against the use of autologous bone was

the morbidity associated with the second surgery. Contrarily, most

patients receiving autologous bone stated no concerns regarding the

use of this material, whereas the major objection against foreign

material were the idea of less tissue integration compared to autolo-

gous material and the feeling of receiving material from donors to be

morbid/unnatural. Here it can be concluded that positive experiences

with a surgical method and a certain material raised the chance of

choosing this material again, whereas patients in the allogeneic group

mostly raised concerns using autologous bone due to the morbidity

expected from the block harvesting and the autologous group to raise

concerns using other than autologous material due to the idea of a

worse tissue integration compared to autologous material.

Given that the procedure aims to allow the insertion of dental

implants for oral rehabilitation, the question of the implants' prog-

nosis in the augmented material naturally arises. The choice of

material for each individual case is controversial; the effect of dif-

ferent materials on implant survival as one of the most important

outcome parameters is still not fully understood. Danesh-Sani and

colleagues reached high survival rates even with <30% vital bone

within the sinus.36 In a systematic review, Motamedian and

F IGURE 7 Reasons for
discomfort after surgery and
overall-discomfort.

F IGURE 8 Satisfaction of patients with either autologous or
allogeneic bone augmentation. M, mean value; ns, nonsignificant;
VAS, visual analog scale.
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colleagues aimed to compare implant survival in sites augmented

with either allogeneic or autologous bone grafts; due to the het-

erogeneity of the population no results could be drawn to that

effect. The authors observed the morbidity associated with bone

harvesting as major in autologous bone grafts and the delayed tis-

sue integration in allogeneic blocks. Implants inserted in sites aug-

mented with autologous bone showed 74%–100% survival rates,

and implants inserted in allogeneic bone blocks of 94%–100%.21 In

a clinical study analyzing 67 patients being either augmented with

autologous or allogeneic grafts, Schlee and colleagues demon-

strated no differences regarding aesthetics between the groups.37

Pérez-González and colleagues conducted a systematic review and

included studies on 234 patients treated with allogeneic bone

blocks. The meta-analysis showed an overall survival rate of

94.52% and implant-related survival of 97.36% (follow-up

time > 12 months). Complications reported within the included

studies were block exposure and failure of osseointegration.38

While no differences could be found regarding new bone forma-

tion, allogeneic bone blocks show significantly more residual graft

than autologous bone (28.9% vs. 19.5%).39 A systematic review aim-

ing to compare the implant treatment outcome after horizontal ridge

augmentation with allogeneic compared to autologous bone blocks

found similar survival rates within the two groups. After analyzing

complications occurring after horizontal ridge augmentation with allo-

geneic bone blocks, the included studies showed high frequencies of

dehiscence, graft exposure, and partial and total loss of the block—no

comparison was made between allogeneic and autologous grafts.40

Biologic complications similar to those have also been described for

autologous bone blocks in a systematic review performed by Aloy-

Pr�osper and colleagues.41

Temporary and permanent paresthesia have been described

after harvesting autologous bone grafts.42–44 Here, neurosensory

disturbances are seen to appear most often in autologous chin

bone blocks,45–47 which might also lead to aesthetic changes in

the facial contour.46 In a prospective nonrandomized intervention

study, 23 patients who received autologous bone grafts from

intraoral or extraoral donor sites were asked to complete a ques-

tionnaire regarding pain location, intensity, and experience before

surgery, 3 days, and 4 weeks after surgery. The authors report pain

perceived in both groups. Still, the extraoral group showed to have

additional pain at the hip, felt the pain longer and of higher inten-

sity, and had more negative pain experiences compared to the

intraoral group.48 In another study, permanent sensory distur-

bances were reported in 13.5% of cases in which bone blocks were

taken from the mandibular symphysis; one out of 43 patients

exhibited paresthesia after block harvesting from the retromolar

area, whereby the authors reported a higher frequency of bleeding

events compared to the symphysis group.7 Within our study, a

higher frequency (31.25%) of temporary sensory disturbances was

observed that lasted for less than a week.

In a comparative clinical study, Iancu and colleagues analyzed

immediate postoperative complications after lateral ridge augmenta-

tion using either the shell technique or sticky bone. They found a

higher pain level in the shell group (mostly mild to moderate pain);

interestingly, the pain intensity could be associated with the harvest-

ing method: higher pain levels were observed in patients where the

bone block was harvested using a diamond disk compared to using

piezosurgery. Trismus, temporary neurosensory disturbances, and

severe hematomas needing drainage, as further side-effects of bone

harvesting procedures were reported to be more severe after bone

block harvesting for shell technique. No differences were observed

regarding dehiscence and post-operative bleeding.49 Kloss, Kämmerer,

and colleagues analyzed 221 cases of alveolar ridge augmentation

using autogenous or allogeneic bone. They reported a higher compli-

cation rate with autogenous (20%) compared to allogeneic bone

blocks (7.9%) and identified smoking and vertical augmentation above

a threshold of 2.55 mm (OR = 5.0), and over-contouring (OR = 15.3)

as risk factors. No significant differences were observed in the fre-

quencies of wound dehiscence, infection, implant loss, and total loss

of the bone block.29

Bearing in mind those very complications, the use of allogeneic

bone blocks seems reasonable, offering several advantages over autol-

ogous grafts: unlimited availability, a considerably shorter surgery

time, as well as lower morbidity, especially regarding neurosensory

disturbances and swelling events. Using allogeneic bone blocks facili-

tates presurgical planning; it is possible to fabricate customized bone

blocks adapted to the patient's needs.50 The osseointegration rate

seems comparable to autologous bone blocks.38 In contrast, resorp-

tion rates are hardly comparable due to the heterogeneity of the

material used as allogeneic graft.

Hof and colleagues conducted a questionnaire-based study on

150 patients, asking for their perspectives on dental implant and bone

graft surgery. Sixty-one percent were willing to undergo bone graft

surgery, most favoring harvest from the retromolar area over the hip.

Only 43% opted for bone substitute material to avoid donor site mor-

bidity, and more than two-thirds were willing to accept additional

costs from three-dimensional planning to avoid bone augmentation.

Therefore, it can be concluded that—before bone augmentation—the

acceptance of such procedures is high, whereas minimally invasive

procedures are favored over alternatives.51 Here, our study showed

similar results with a high satisfaction rate, and most patients of either

group recommended the augmentation procedure to their relatives

and friends.

In 2023, the first pilot study was published to analyze patient-

centered outcomes after autogenous and allogenic bone blocks in

the augmentation of deficient alveolar ridges. Analogous to previ-

ous studies, they reported more bone gained during augmentation

using autografts, whereas patient-reported experience and out-

come measures revealed better patient satisfaction in the alloge-

neic group. However, it has to be admitted that the quality of the

study seems to be rather low; neither the citation nor the cross-

reference to the figure matches the information given in the text:

the study does not give any information on the questionnaire used;

therefore, the quality of the outcome parameters may be

questioned.52

Shortcomings of the present study are the rather small num-

ber of patients included and the questionnaire-based character.

Especially, the lack of calibration and statistical validation due to

10 HEIMES ET AL.
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the study's explorative nature may limit the data quality. But,

since each question is discrete, the risk of bias is not comparable

to complex questionnaires evaluating higher constructs, which

can be considered an advantage in this study. Further features

influencing the outcome could have been the surgery performed

by (a small number of ) different surgeons, the induvial surgical

technique, and the postoperative medication. It must also be

admitted that compliance with the postoperative regimen can

never be ensured. Furthermore, it must be admitted that the

character of the preoperative information may affect patients'

opinions on different augmentation procedures and the antici-

pated risks. What is more, minimal sedation might have affected

the study's outcome. But since it was used in both groups, bias

could be ruled out.

5 | CONCLUSION

To the author's best knowledge, this is the second study analyzing

morbidity-related parameters after augmentation procedures with

either allogeneic or autologous bone blocks from patients' per-

spectives. Given the theory that long-term outcomes and implant

survival rates are similar between the two groups, the complication

rate and patients' procedure experience are relevant factors that

should be considered when choosing graft materials. Based on this

data, a shared decision must be made with the patient regarding

which material he or she prefers. The information gained by this

study may help to choose the best technique and material for each

patient and facilitate shared decision-making.
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