Original Paper

Medical Principles
and Practice

Med Princ Pract 2016;25:72-78
DOI: 10.1159/000440998

Received: March 9, 2014
Accepted: September 10, 2015
Published online: October 27, 2015

Clinical Evaluation of the Use of
Tibial Bone Grafting in Dentoalveolar

Reconstructive Surgery

Fethi Atil? Ismail Doruk Kocyigit® Berkay Tolga Suer® Yunus Emre Alp?

MUride Yazan® Umut Tekin® Hakan H. Tuz®

2Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, University of Kirikkale, Kirikkale, ?PDepartment
of Oral and Maxillofacial Surgery, Gulhane Military Medical Academy Haydarpasa Teaching Hospital, Istanbul, and
“Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, University of Hacettepe, Ankara, Turkey

Key Words
Autogenous bone graft - Tibial bone - Dentoalveolar
surgery

Abstract

Objective: The aim of this study was to evaluate the efficacy
of tibial autogenous bone grafting in the treatment of pa-
tients with alveolar bone defects. Materials and Methods:
The study subjects consisted of 12 patients (10 male, 2 fe-
male, age: 19-51 years) who underwent reconstructive au-
togenous bone-grafting procedures. The medial approach
to the tibial bone was used to harvest autogenous cancel-
lous bone grafts in all the patients. Clinical parameters (com-
plications at the donor and recipient sites, resorption and
volume of the grafts) were evaluated retrospectively. Re-
sults: The mean age of the patients was 36.25 + 0.9 years. Of
the 12 patients, 5 (41.7%) received bone grafts for sinus aug-
mentation, 3 (25%) for cyst cavity reconstruction and 4
(33.3%) for alveolar cleft reconstruction procedures. The av-
erage follow-up period was 28.4 months (range: 21-40
months). An average of 5.2 cm? of cancellous bone was har-
vested for grafting procedures. All the grafting procedures
were successful, and there were no surgical complications

during the harvesting protocol. In all cases, pain and gait dis-
turbance lasted less than 2 weeks. Conclusion: The results of
this study suggest that the use of tibial autogenous bone
graft harvested using a medial approach was a safe, simple
and effective method for grafting various alveolar bone de-
fects where high amounts of cancellous bone grafts were
needed with low morbidity. ©2015 S. Karger AG, Basel

Introduction

The use of autogenous bone grafts is relatively com-
mon in the reconstruction of bone defects of the maxil-
lofacial region. The amount of graft required is effective-
ly determined by the size and shape of the defect [1]. Typ-
ical intraoral donor sites include the mandibular ramus,
corpus, symphysis, coronoid process and maxillary tuber
region, whereas extraoral harvesting sites include the iliac
crest, proximal tibia, costa and calvarium [2]. Each of
these regions poses advantages and disadvantages related
to bone characteristics and amount of bone required for
harvesting. In comparison to extraoral regions, intraoral
donor sites involve relatively lower morbidity rates due to
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the simplicity of the surgical procedure, which involves a
single area for both donor and recipient sites. However,
intraoral sites may not provide sufficient graft material to
repair larger defects. Conversely, extraoral autogenous
bone graft sites can provide grafts of sufficient size for the
repair of maxillofacial bone defects, but involve more ex-
tensive surgery, including the creation of a second surgi-
cal site and a lengthening of the duration of the surgical
procedures, as well as higher morbidity rates [3].

The use of the tibia as a donor site was first described
by Drachterin 1914 as reported by Winsenburg [4]. Com-
pared to other extraoral bone graft donor sites, the tibia
has lower morbidity and complication rates and requires
a relatively simpler surgical technique [3, 5]. Currently,
two different techniques are used to harvest grafts from
the proximal tibia, namely the medial and lateral ap-
proaches [6].

The aim of the present study was to report on the clin-
ical advantages, disadvantages and complications of tibi-
al bone graft harvesting via the medial approach as well
as the subsequent use of the acquired grafts in the aug-
mentation procedures of dentoalveolar defects at our in-
stitution.

Subjects and Methods

This retrospective study comprised 12 patients who underwent
reconstructive surgery to repair alveolar bone defects with autog-
enous grafts harvested from tibial bone using a medial approach.
The tibial bone was used as a donor site for maxillary sinus floor
augmentations, reconstruction of alveolar clefts and repairs of al-
veolar defects caused by enucleation of an odontogenic cyst prior
to dental implant placement (table 1). Patients were informed
about surgery, postoperative recovery and possible complications.
The study was conducted in line with the Helsinki Declaration on
medical protocol and ethics, and all participants (and, in the case
of minor patients, parents) signed an informed consent form. All
patients were systemically healthy (ASA I) and had no physical
deformities. Indications, donor and recipient site morbidity rates,
surgical and postsurgical complications and volumes of graft ma-
terial obtained were recorded for all patients. Radiological data
were obtained during the course of follow-up (range, 21-40
months), beginning 2 months after surgery in order to assist in
evaluating the success of the grafting procedures.

Surgical Procedure

The dental chair was adjusted to the supine position to facilitate
access to the donor site, and a rolled-up sterile support was placed
at the popliteal fossa in order to maintain the knee joint in flexion.
The surgical area was prepped and draped in a routine surgi-
cal manner, and then local anesthesia (articaine 4%:adrenaline
1:100,000) was administered through 2 injections; the first into the
medial condyle region, and the second into the periosteum. After
identifying the major anatomical regions, a sterilized marker was
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Fig. 1. Marking the incision line at the donor site.

Table 1. Distribution of the use of cancellous bone graft harvested
from the tibia for this study

Procedure Patients
Repair of alveolar fissure defects 4 (33.3%)
Sinus floor elevation 5 (41.7%)
Repair of defects caused by enucleation of

an odontogenous cyst prior to a dental

implantation 3 (25%)
Total 12 (100%)

used to draw a 3-cm-long oblique incision line starting 15 mm
above the horizontal line passing through the tibial tubercle and
15 mm medial to the vertical axis (fig. 1).

Following skin incision, dermal and subdermal tissues were
dissected to access the supraperiosteal plane. A trapdoor technique
was used in which 2 vertical cuts of 1-2 c¢m in length were made
over the crest using oscillating saws and were joined together with
a horizontal cut in the medial surface. Angled blade osteotomes
were used to pry out the resulting bony window in a lateral direc-
tion to create a controlled fracture and obtain a maneuverable win-
dow of cortical bone (fig. 2a) that was opened laterally to expose
the cancellous bone cavity. Bone curettes were used to harvest
enough cancellous bone to reconstruct the recipient site (fig. 2b).
After a sufficient amount of graft material had been obtained and
placed in sterilized tubes, the cavity was washed with a jet of nor-
mal saline solution, all remaining bone fragments were aspirated,
and sharp edges were rounded using milling cutters and bone files.
Intraoperative information with regard to the amount of collected
bone was recorded.

After achieving hemostasis, the periosteal tissue surrounding
the bony window was replaced in its former position and stabilized
with interrupted 3-0 resorbable sutures. Subcutaneous tissue was
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Fig. 2. Bone curettes were used to obtain
cancellous bone graft (a), which is trans-
ferred to the recipient site in sterilized sur-
gical basins (b).

Fig. 3. Radiographic examination 3 months
later after the augmentation procedure.
Fig. 4. Radiographic examination after the
implantation procedure.

reapproximated with 3-0 resorbable sutures, and the skin was
closed with 4-0 prolene sutures.

The harvested tibial bone graft was used for sinus bone-grafting
procedures in 5 cases, for alveolar cleft reconstruction in 4 cases
and for reconstruction of cyst enucleation cavities prior to implant
placement in 3 cases. After all recipient sites had been grafted with
harvested tibial cancellous bone, a resorbable collagen membrane
was used to cover the augmented areas, and primary closure was
obtained in a tension-free manner. Patients were discharged on the
same day following a 3-hour postsurgical observation period.

Over a 7-day recovery period, patients were administered oral
antibiotics and nonsteroid anti-inflammatory drugs as well asa 2%
chlorhexidine gluconate mouthwash for intraoral wound care.
Medical dressings of leg wounds were changed at 2-day intervals.
Patients were also advised to apply cold compresses to both surgi-
cal sites during the first 24 h after surgery and to refrain from walk-
ing long distances and engaging in strenuous physical activities
such as climbing stairs or sports activity for at least 3 months.
Recipient sites were examined clinically and radiographically 3
months after surgery (fig. 3). All patients were followed weekly and
examined for any gait disturbances or wound complications.

In the cases of alveolar defects caused by cysts, dental implant
surgery was performed 3 months after the enucleation and the re-
construction (fig. 4), whereas in the cases of sinus floor augmenta-
tion and alveolar cleft repair, dental implant surgery was per-
formed after a 4-month waiting period. The postoperative follow-
up ranged from 21 to 40 months.
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Results

In all 12 cases, patients were discharged on the day of
surgery. There were no complications either intraopera-
tively or immediately postoperatively that called for ex-
tension of hospitalization. The mean follow-up period
was 28.4 + 7.3 months. Minimal scar formation of only
minor aesthetic concern was observed 1 year following
tibial bone harvest procedures at the donor sites (fig. 5).
The mean volume of harvested compressed autogenous
bone volume obtained per site was 5.2 + 1.6 cm® (range,
3-8; table 2). Allin all, 12 defect areas in 12 patients were
treated with tibial autogenous cancellous bone grafts. Of
the 12 reconstruction cases, 5 were treated for sinus floor
augmentation (fig. 6), 4 for alveolar clefts (in cleft lip and
palate patients) and 3 for postenucleation defects in odon-
togenic cyst patients (fig. 7).

Two minor complications were observed at recipient
sites (16.6%), both of which involved an infection that
developed at a site where a graft was planted to facilitate
the repair of an alveolar defect caused by cyst enucleation.
In each case, partial loss of the bone graft was incurred;
the partially infected graft material was removed, and

Atil/Kocyigit/Suer/Alp/Yazan/Tekin/Tuz


http://dx.doi.org/10.1159%2F000440998

Fig. 5. Scar formation at the donor region
1 year after the operation.

Fig. 6. Sinus augmentation with cancellous
bone graft harvested from the tibia.
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Fig. 7. Cancellous tibial grafts were used to repair a defect caused by enucleation of an odontogenic cyst.

Table 2. Patient demographic and treatment information
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No. Age, Sex Indication Amount of graft Recipient site Donor site complication Follow-up dura-
years harvested, cm®  complication tion, months
1 46 M Cystdefect 7 Partial graft loss - 24
2 30 M Sinusaugmentation 5 - - 33
3 51 M Sinusaugmentation 7 - - 21
4 42 M Sinusaugmentation 5 - Wound dehiscence at the donor site 21
5 44 M Sinusaugmentation 8 - - 40
6 41 M Sinus augmentation 6 - - 40
7 21 M Alveolar cleft 4 - - 21
8 23 M Alveolar cleft 3 - - 22
9 36 M Cystdefect 5 - - 28
10 19 F  Alveolar cleft 3 - - 26
11 44 M Cystdefect 6 Partial graft loss - 32
12 35 F  Alveolar cleft 3.5 - - 36

supplemental allogenic graft material was placed at the
site in a second surgical operation. The postoperative fol-
low-up showed that both cases healed without any further
problems, and the desired amounts of bone were ob-
tained for implant placement.

Tibial Bone Grafting in Dental Surgery

Only 1 complication was observed at a donor site
(8.3%). This was a minor incident involving a soft-tissue
infection in which the primary closures were observed to
have opened on the 5th day after surgery. The wound was
drained and resutured, and no further complications oc-
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curred. None of the patients experienced pain or diffi-
culty in walking lasting longer than 2 weeks.

With regard to dental implant placement after the
grafted sites had healed, no complications were observed.
All dental implants that were placed at the grafted sites
were osseointegrated well, and there was no implant fail-
ure during the course of the postoperative follow-up pe-
riod.

Discussion

One of the most challenging tasks in oral and maxil-
lofacial surgery is the reconstruction of the moderately to
severely deficient maxillary or mandibular alveolar bone
in preparation for placement of endosseous dental im-
plants [2]. To date, autogenous bone remains the gold
standard for alveolar reconstruction, as it possesses the
quality of osteogenesis due to osteoprogenitor cells al-
ready present within the graft [2, 7, 8].

When deciding on a donor site, defect size and shape
are the most important parameters in determining the
amount of bone graft to be harvested [9]. When larger
alveolar augmentations and jaw reconstructions are un-
dertaken, extraoral (distant) donor sites are preferred [2].
The iliac crest has traditionally been the preferred extra-
oral donor site in situations where preprosthetic or re-
constructive needs call for bigger bone grafts [9]; how-
ever, complication and morbidity rates at this site are rel-
atively high when compared to tibial bone-harvesting
procedures [10]. The proximal tibia offers an excellent
source of cancellous bone, and tibial bone harvesting for
oral surgical reconstruction has been advocated by sev-
eral authors [2, 3, 5, 6, 10]. Bone harvesting from the tib-
ia for various reconstruction procedures in oral and max-
illofacial surgery was originally introduced as an alterna-
tive to iliac crest harvesting [11]. In the literature, some
studies have already compared complication rates and
amounts of bone collected with tibial harvesting with
those of iliac crest harvesting [11-13]. According to the
literature, advantages to the tibia as a donor site include
high amounts of cancellous bone availability with a less
traumatic approach and with alow complication rate [11,
12]. Additionally, it is a technically quick and simple pro-
cedure, and also it allows for simultaneous harvesting and
recipient site augmentation [2]. Moreover, unlike iliac
crest graft harvesting which requires general anesthesia,
bone harvesting from the tibia can be done as an outpa-
tient procedure under local anesthesia even without seda-
tion [11]. All in all, our results confirmed that bone har-
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vesting from the medial proximal tibia under a local
anesthesia setting has been noted as a well-tolerated pro-
cedure by the patient. Our results showed that the tibial
bone harvesting procedure is easy to conduct with lower
complication rates and leading to predictable outcomes
for various oral surgical reconstructions. These results are
in agreement with the literature mentioned above.

The volume of bone available for harvesting from the
proximal tibia is reported to be 25-40 cm?® of noncom-
pressed cancellous bone [2]. However, Wang et al. [14]
reported an average of 77 cm? of cancellous bone avail-
able for harvesting in the proximal tibia, and their results
showed this is 2-3 times over the accepted average of
bone volume. In this presented report, the authors easily
managed to harvest 5.2 + 1.6 cm? of tibial cancellous
bone with a curette. According to the literature, a lot
more than that amount of bone can easily be harvested
from the proximal tibia without compromising the tibial
metaphysis. However, we did not need to harvest more,
and our results have confirmed the literature that moder-
ate size reconstructions can predictably be performed us-
ing tibial bone as an outpatient procedure with low mor-
bidity.

When iliac bone is compared to tibial bone as sources
for bone grafts, there is a misperception that the quality
of cancellous bone from the tibia is of inferior quality [2].
Clinically, in comparison to tibial bone, cancellous bone
harvested from the iliac crest is known to be slightly dens-
er [11]. This is because tibial bone has a higher amount of
fatas compared toiliac crest bone [2]. This misperception
has already been challenged by the study of Sivarajasin-
gam et al. [15]. Their prospective study showed similar
optical bone densities in tibial and iliac crest bone grafts
over the first 3 postoperative months. With regard to re-
sults of the secondary alveolar cleft reconstruction of our
study, the follow-up periods showed similar results with
the other studies that showed good osseous healing of the
cleft sites. None of the cases in our study (n = 4) had any
complication regarding tibial bone grafting. Within the
limitation of this study, we believe that the tibial bone can
be a good alternative for the reconstruction of alveolar
clefts compared to iliac bone.

Two different methods are used in harvesting bone
grafts from the tibia, namely the medial and lateral ap-
proaches. While the classical approach to the cancellous
bone in the proximal tibia is the lateral approach, the
medial approach is considered alternate [2]. Herford et
al. [5] conducted a study on cadavers comparing the lat-
eral and the medial approaches, and they noted that both
approaches yield almost equal amounts of cancellous
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graft. Although the mean volume of bone harvested from
either approach is similar, the medial approach offers
several advantages, such as easier access to the surgical
site, less risk of damaging anatomical formations and less
risk of postoperative morbidity [2, 5]. The authors re-
ported that the medial approach is advantageous as it is
away from any vital anatomical structures, whereas the
lateral approach is closer to vital structures such as the
articular surface, the anterior tibialis muscle, and the re-
current tibial vessels, and is located within the anterior
compartment [2]. Herford et al. [5] also reported that
when utilizing the medial approach the bone is closer to
the skin. For these reasons, the minimally invasive me-
dial approach was used with all of the patients in the pre-
sented study. According to the presented study results,
reaching the medial proximal tibia to harvest cancellous
bone was easy and quick without encountering any vital
anatomical structures. Our results are in agreement with
the previous study reporting the bone is closer to the skin
surface. When it comes to incision size, it relates to the
size of the bony window on the proximal tibia and varies
between the different studies ranging from 1 to 3 cm in
length [2, 5, 16]. The incision with our technique for the
medial approach is placed over a point 15 mm medial to
the tibial parallel line and 15 mm superior to the tibial
perpendicular line, and it is around 3 cm long. At this
point, the thickness of the subcutaneous tissue is mini-
mal, therefore this allows an almost through-and-
through incision with minimal bleeding and dissection.
We noted that the accurate determination of the location
of the tibial perpendicular line can be sometimes difficult
since the determination of this line is based on the accu-
rate finding of the tibial tuberosity, and finding of this
location can be problematic in overweight individuals. In
this study we used a ‘trapdoor technique’ along with a
curette to harvest bone. To be able to utilize a curette
within the proximal tibial metaphysis, we performed
bony cuts of 1-2 cm by 1 cm for the ‘trapdoor’, and this
comes with increased time and instrumentation when
compared to the bone trephination technique. Accord-
ing to the literature when small quantities of bone are
required, a bone trephination technique can be used with
a smaller skin incision and potentially less morbidity
[16]. According to our results, the medial approach to the
proximal tibia is safe, quick and avoids any potential in-
jury to the important structures. The medial approach
does not require entry into any of the four lower extrem-
ity compartments; however, we suggest care should be
taken when this approach is utilized by the novice sur-
geon.

Tibial Bone Grafting in Dental Surgery

According to the literature tibial bone harvesting is a
relatively safe and simple procedure; however, it is not
without potential complications [2]. The most frequently
reported complications include gait disturbance, pro-
longed pain, infection, wound dehiscence, hypertrophic
scarring, ecchymosis, hematoma, seroma, paresthesia,
tibial fracture and violation of the joint space [2, 17-21].
According to this presented report, of the 12 consecutive
cases only 1 patient (8.3%) had a minor complication at
the donor site. There were no major complications at all.
At the recipient site, there were only 2 minor complica-
tions, and they were resolved with minor interventions.
This report shows that the surgical approach was rela-
tively simple and safe, the overall resorption rate of the
graft was minimal, and the levels of postoperative pain
and functional impairment (gait disturbance) were mini-
mal. All the patients included in this study were ambula-
tory the same day without any problem. Our patients re-
ported that they developed a temporary gait disturbance,
which resolved within postoperative week 2. In the litera-
ture one study reported a donor site complication rate of
1.3% in 230 proximal tibial harvests [20]. Another study
reported a complication rate of 1.9% with 1 postoperative
hematoma and no major complication [3]. Kushner [22]
reported a complication rate of 1.4% with 1 wound dehis-
cence and 1 superficial infection in a series of 141 pa-
tients. With regard to complications, the results of this
presented study showed good results similar to those of
the current literature such as acceptable pain, swelling
and gait disturbance following tibial harvest surgery. Ad-
ditionally, there was no unacceptable scarring at the do-
nor site. These results were also in agreement with the
published studies.

Although the incidence of major complications such
as proximal tibial fracture has been reported, there are
few documented reports [18, 19]. It has been suggested
that the most major complications can be avoided by a
careful operative technique and by being familiar with the
pertinent anatomy. Additionally, the patient should avoid
all movement in which a load is applied to the legs, espe-
cially sport activities, for at least 6 weeks following sur-
gery, and the amount of bone harvested from the site
should be kept within reasonable limits [18, 19]. In the
present study experienced surgeons did all the tibial har-
vest surgeries with a meticulous surgical technique. All
patients were asked to avoid any strenuous physical activ-
ity to prevent tibial fracture for the postoperative 12
weeks. As a result we did not observe any major compli-
cations in our patient population, which undermines the
reports saying major complications are rare for medial
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proximal tibial bone harvest and can be preventable with
a good surgical technique.

In this study all transplanted tibial autogenous bone
grafts were well integrated into the recipient sites (100%).
Our results showed that all dental implants placed at the
reconstructed bony sites were osseointegrated well with-
out any complications. When osseointegration and sur-
vival of dental implants are concerned, the best bone graft
material is autogenous cancellous bone graft. Since our
aim was to prepare deficient sites for dental implant
placement, cancellous autogenous bone from the proxi-
mal tibia worked very efficiently and predictably for this

Conclusion

In this presented study, we showed that harvesting of
the tibial bone for alveolar bone augmentation was a sim-
ple and safe procedure without major complications. The
medial approach to the tibial bone seemed to offer the
same advantages as the classic lateral approach with less
morbidity compared to the lateral approach. Hence, we
conclude that tibial bone harvesting can be safely per-
formed in an outpatient or in-office setting, and there-
fore, we strongly suggest the use of tibial bone harvesting
via the medial approach in the reconstruction of mild-to-

purpose. moderate bone grafting procedures in the oral cavity.
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