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Abstract
In this study, which is the largest to date, we evaluated 611 patients from 2005 to 2017 who underwent a proximal medial tibia

bone graft harvest. The purpose of this study was to evaluate the amount of autogenous bone graft collected from the proximal tibia

and the postoperative complications that were incurred at the aforementioned site. Patient evaluation extended to a total of 24
months. Serial radiographs were used to evaluate healing at the proximal tibia harvest site and at the receiving site of the grafted

bone. The average amount of autogenous graft taken from the proximal medial tibia bone graft harvest site was 12.8 ± 6.6cc, with a
range of 5cc to 40cc of autograft material dependent upon necessity for primary surgery. No major complications were observed at

the donor site. There were 36 instances of complications that occurred from the 611 bone grafts obtained (5.89%). The most common complication was hematoma and superficial dehiscence, both of which occurred in 12 patients (1.96%, respectively). Use of a
10-point visual analog scale was implemented, which showed an average of 1.4 out of 10 pain during the first week post-operatively.
This reduced to 0.04 out of 10 at 24 months post-op.

The harvesting procedure, which is not technically challenging, can be executed effectively and relatively quickly in the OR, in a

time averaging just over 19 minutes. There was a complication rate of 5.89% (36 of 611 surgeries). Complications included 12 cases
of hematoma, 12 cases of superficial dehiscence, 6 cases of neuritis, and 3 cases of superficial cellulitis. Four fractures occurred away

from the harvest site due to patient falls, which all healed uneventfully following appropriate immobilization. Statistical analysis
was performed on the portion of the population with complications (36/611). There was no statistical significance with the amount
of graft taken and complications. There was a correlation with younger age (age range) and higher rates of complications. There

was no correlation found between age and time to heal. There was a correlation between larger amounts of graft (greater than 6cc)
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and longer time to heal. Our hypothesis was that proximal tibia bone grafting would not have higher rates of complications when
compared to the average rate of complications in patients utilizing allograft in similar primary surgeries, reported by other authors
[4,9,10,11-21].

The proximal aspect of the tibia is a safe and reliable source for harvesting bone graft material, having no significant correlation to

postoperative complications in comparison to postoperative complications of patients undergoing similar primary surgeries utilizing
allograft rather than proximal tibia autograft (5.89% vs 5 - 14.9% [9,13,14,17]), as well as providing adequate amounts of autologous
graft material (≥ 5cc and up to 40cc) for a variety of primary surgical procedures. We conclude that the proximal tibia is a safe and

reliable source of autologous bone graft material and can be efficiently collected utilizing the provided harvesting technique and
placement.
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Introduction
Autograft is considered to be the gold standard [1] in bone grafting due to it possessing every characteristic necessary for neo-osseous

deposition and maturation: osteoconductivity, osteoinductivity, osteogenicity and immunogenicity [2]. The osteoconductive properties it
exhibits serve as a scaffold for vascular ingrowth by creeping substitution [2]. This increase in surface area greatly promotes cell adhesion

and tissue maturation. Autograft’s osteoinductive quality provides macromolecules, such as bone morphogenic proteins, that stimulate
the innate bone formation [3]. Osteogenic precursor cells, found within autograft have the capability to differentiate into osteoblasts

and stimulate bone regeneration [3]. This type of bone graft is immunogenic, therefore incorporating well into the receiving site while
decreasing the likelihood of host rejection [3]. The amalgamation of properties autograft exhibits provides a superior structural support while promoting the bone healing essential for the success of various orthopedic procedures. These can include a litany procedures
such as reconstructive surgery, acute comminuted fractures, avascular and hypertrophic non-unions recalcitrant to fusion, limb salvage,

reconstruction from downstream sequelae of failed arthroplasties, and the correction of significant bone loss associated with joint replacement or bone tumors. Although autograft is the first choice, other types of bone grafts can certainly be used in these procedures as
well. Allografts, xenografts, and synthetic grafts are all such examples and options [4]. However, these grafts have shortcomings that make
them not as reliable of a source. Allografts are slower to be replaced by host bone, can cause an immune response and additionally, come

up with an increased risk of disease transmission [4]. Although the majority of bone substitutes are osteoconductive, they often lack the
osteogenic and osteoinductive properties that are contained in autografts, making them less dependable in comparison [5]. Autograft

does come with risk, albeit a much lesser degree. One such risk is donor site morbidity, which our data shows that this morbidity is low
and does not outweigh the advantages of utilizing autogenous bone graft obtained from the proximal tibia.

Materials and Methods

In between the years 2005 and 2017, 611 patients went through an ipsilateral proximal tibia bone graft harvesting to augment healing

in a variety of fore foot and rear foot surgeries. The same described technique was followed consistently for all procedures. The postoperative protocol was uniform for all proximal tibia grafting sites. The time of postoperative non-weight bearing was dictated by the

primary surgery, as the proximal tibia bone grafting did not add time to the amount of offloading required. The inclusion criteria were:
Patients undergoing an elective reconstructive surgery, trauma with a large defect, neurovascular qualifications, absence of active osteomyelitis, and an absence of active soft tissue infection. The exclusion criteria were soft tissue infection, neurovascular impairment, active

osteomyelitis, active Charcot neuroarthropathy, Knee implant, tibial nail, or open growth plates. The patients were followed at two days,
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two weeks, six months, and 24 months postoperatively. Age, laterality, pain, amount of graft, time to heal, procedure time, complication
rate and type was recorded.

The pain at the harvest site was recorded separately from the primary surgical site using the visual analog pain scale [6]. The scale is

numbered from zero to 10, with zero representing no pain and 10 representing severe pain.

The time to heal was recorded and determined by serial radiographs. This was established when the new trabecular bone pattern

crossed more than 50% of the original defect on radiograph. An empty syringe was used to measure the amount of cancellous graft taken

intra operatively. Statistical analysis was completed to reveal associations between time to heal, age, and amount of graft. This was accomplished by dividing the age into quartiles to reveal if a certain quartile range of age was correlated with more complications or an

increase in time to heal. The amount of graft was divided at the median of mL to see if more or less graft had an effect on time to heal or
complications. The harvest site void was backfilled with various bone substitutes such as demineralized bone matrix, calcium phosphate,
and calcium sulfate. The size, amount, and type of graft needed (cortical with cancellous vs. cancellous only) dictated how the grafting was

approached as described below. The procedures were of lower extremity surgery and included various fusions, non-union fractures, and
bone voids (secondary to traumas, implant removal, or bone infections).
Technique

A 4 - 6 cm linear incision is placed over the anteromedial aspect of the proximal tibia (Figure 1).

Figure 1: Incision placement for proximal tibia bone graft harvest.

Dissection is carried down to the periosteum and meticulous retraction of neurovascular vital structures is carried out (Figure 2). The

periosteum is then incised and retracted.
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Figure 2: Dissection down to periosteal tissue.

Once the cortex of the tibia is exposed, four drill holes are made using a 2.0 mm drill bit to score out the corners of a rectangular or

diamond shaped bone window (Figure 3). The window is made on the anteromedial face of the tibia, just distal-medial to the tibial tuber-

osity. These drill holes are unicortical and they function to prevent stress fractures. The authors prefer to utilize fluoroscopy, so proper
placement of drill holes can be ensured.

Figure 3: Ideal location for cortical window.
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The four drill holes are then connected by utilizing a small oscillating saw, and a cortical window is created (Figure 4).

15

Figure 4: Sagittal saw utilized to connect drill holes to create the cortical window.

The cortical window is then removed and can be used as a structural graft, or it is only temporarily removed to gain access to cancel-

lous bone then later returned (Figure 5).

Figure 5: Removal of cortical window.
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A 4-8mm round curette is used to harvest the desired quantity of cancellous bone (Figure 6). During the harvest, care should be taken

to not use the cortical borders as a lever against the curette as this could result in increased stress and fracturing of the tibia. The majority
of cancellous bone graft should be obtained from the metaphyseal region.

Figure 6: Cancellous graft removed from metaphyseal region of proximal tibia.

After achieving the desired amount of graft, the primary procedure should be completed and closed to reduce the likelihood of compli-

cations arising from increased pressure in the intramedullary shaft arising from manipulations taking place distal to the graft harvest site.
After the primary area is closed, the bone graft harvest site void is backfilled with synthetic or allogenic bone graft. The cortical window

which was removed to allow access is then replaced. If it is used as a structural graft, then a cortical allograft is cut to size and placed,
subsequently filling the cortical void (Figure 7).

Figure 7: Backfilling of graft site with allograft bone.
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In cases where larger cortical windows are made, a small locking plate can be used to maintain position and prevent extravasation of

allograft placed in void.

Layered closure is then carried out of the periosteum, progressing superficially to subcutaneous tissue, and lastly, skin. The harvest

surgical site is then dressed with non-adherent and mild compressive dressing.

Results

The average age of the population studied was 53.9 years old. There were 303 right (49.6%) and 308 left (50.4%) proximal tibias in

which bone grafts were harvested. The average pain at 48 hours was 1.40 out of 10. The average pain at 2 weeks was 0.97 out of 10. The
average pain at 6 months was 0.43 out of 10. The average pain at 24 months was 0.04 out of 10. The amount of graft taken ranged from 4
to 40cc, with an average of 12.8 ± 6.6cc, with the cortical window being approximately 1 cm x 2 cm in maximal dimensions per harvest.

Time to complete graft harvest averaged 19 minutes (Range 7 - 25 minutes). Based on serial radiographs, the time to heal varied from 5
weeks to 16 weeks, with an average of 8.4 weeks.

There were 36 complications noted out of the total 611 patients 5.89%. Of those 611, 12 patients developed hematoma, 12 patients

with superficial dehiscence, 5 patients with neuritis, 3 patients with superficial cellulitis, 1 patient received treatment for a Paget’s frac-

ture after a fall, 3 patients received closed treatment for fractures after a fall and 1 patient received Open Reduction Internal Fixation
(ORIF) after a fall (Table 1). All patients with complications healed uneventfully with appropriate treatment.
Patient
1

2

Side
Left

Left

3

Right

6

Right

4

5

7

Left

Left

Right

11

Left

9

Right
Left

12

Right

15

Right

18

Left

13
14

16

17
19
20

21

22

Diabetes

Left

8

10

Comorbidities

Diabetes

Left

Right

Fracture after fall (Undiagnosed Paget’s disease)

65

Superficial Dehiscence

48

33

67

39

35

68

Fracture after fall
Hematoma

Fracture after fall

Closed Reduction

Local wound care Antibiotics
Closed Reduction

Local wound care
ORIF

Neuritis

Resolved uneventfully

Superficial Dehiscence

Local wound care

Hematoma

Hematoma

Superficial Dehiscence/Cellulitis

Local wound care Antibiotics

47

Superficial Dehiscence

Local wound care

27

Superficial Dehiscence

37

Hematoma

40

39

Diabetes

Superficial Dehiscence/Cellulitis

Treatment

59

37

Right

Right

56

60

65

Left

Left

Complication

44

Left

Left

Age

56
47

47

37

Neuritis

Hematoma

Hematoma

Superficial Cellulitis
Hematoma

Superficial Dehiscence

Superficial Dehiscence
Hematoma

Resolved uneventfully

Antibiotics

Local wound care
Local wound care

Local wound care
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23

Left

26

Right

29

Left

24
25

27

28

30

31

32

33

34

35
36

Left
Left

Diabetes

Left

Right

Right
Left

Left

Left

Left

Left

Right

40
40

Neuritis

47

Superficial Dehiscence

37

Hematoma

37

40

Diabetes

Neuritis

Hematoma

Superficial Dehiscence

Local wound care

33

Hematoma

58

33

41

35

Local wound care

Resolved uneventfully

Superficial Dehiscence

47

Resolved uneventfully

Neuritis

27

51

Resolved uneventfully

Superficial Dehiscence
Fracture after fall
Hematoma
Hematoma

Local wound care

Local wound care
Closed reduction

Hematoma

Table 1: Demographic date of the complications (n = 36 patients).

The population of patients with complications was 5.89%. Further analysis was done within this population to look for possible cor-

relations. Younger age was associated with significantly longer time to heal (p < 0.04). An increase in graft amount was found correlated
to a longer time to heal (p < 0.001), but not to a higher complication rate.

Discussion

There are many sites for autologous bone graft that the surgeon may choose from. Some of the most common sites include the iliac

crest, proximal tibia, and calcaneus [1-4,7-18]. Of these, iliac crest autograft has been considered the gold standard in some specialties

[1,2]. This can be due to the graft composition and amount that can be grafted, but this site comes with its own set of complications [8].

Silber., et al. reported that 134 out of 187 total patients (71.65%) had symptoms following anterior iliac crest bone graft harvest. He
reported complications with ambulation in 50.7%, extended antibiotic usage with 7.5%, persistent drainage in 3.7%, wound dehiscence
in 2.2%, and incision and drainage in 1.5%. Also, 11.2% of patients were reported to chronically use pain medication [11]. Though the

mean graft volume of iliac crest graft harvests is about 55.12 mL, a graft of this volume is not often required in foot and ankle surgery [12].

Other complications can be reduced by taking precautions during the surgical technique. For example, the bone cuts were made with

care to not cause thermal necrosis and angled such to be inverted at the window borders. This allowed for better apposition of the tibia

interface once the graft had been extracted and the graft site void was closed. Completion and closure of the primary procedure prior to
harvest site closure was thought to help reduce the number of postoperative hematoma and subsequent dehiscence. The void itself was
filled with bone substitute before the cortical window was placed on top. This also helped reduce the number of postoperative hematoma

and subsequent dehiscence. It is also important to note that 4 of the 12 patients experiencing superficial dehiscence were diabetic and 5

of the overall complications shared that same comorbidity. Additionally, when retrograde rodding of the tibia is planned, we would lean
towards plating the harvest site to prevent compression expulsion of the backfilled harvest site.

Autograft harvest does require additional surgery at the donor site that can produce its own complications, which can occasionally

outlast the pain of the index surgical procedure. This study showed that the pain level associated with the donor site resulted in low levels
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of pain with only 1.40 out of 10 pain at 48 hours, which improved further over the next 2 weeks to 24 months. Healing times as evaluated

by radiographs are felt by the authors to be unreliable in this study as many times the site was not re-x-rayed unless there was a proximal
tibia or knee complaint.

Many components factor into choosing the appropriate graft type. Some surgeons may select allograft solely on its readiness, despite

its inferiority to autograft. Proximal tibia bone grafting can be extracted, and the harvest site closed in an average of 19 minutes. It is
known and clear that all allografts and biologics are compared to autograft as the Gold Standard, especially for non-unions and revision
surgeries [1,2,4,3,14].

The results of our study are consistent with other studies found in literature. O’keefe., et al. [20] reported on the outcomes of 230

proximal tibial bone graft harvests, experiencing only 3 postoperative complications (1.3%) which consisted of a nondisplaced fracture
that healed with immobilization, one case of hematoma, and one instance of superficial wound infection. Geideman., et al. [21] reported

on 155 patients who underwent proximal tibial bone graft harvest for ipsilateral foot and ankle surgery, reporting only 4 cases of minor
complications (2.6%) which consisted of one case of hematoma and three instances of superficial incisional dysesthesia, with all resolving
within 3 months after surgery. They concluded that proximal tibial bone graft harvesting is safe and effective, providing adequate graft
for all major foot and ankle surgeries.

Conclusion

To our knowledge, our study is the largest to report on bone graft volume collected by way of autologous ipsilateral proximal medial

tibial harvesting, in addition to being the largest retrospective analysis of complications associated with autologous ipsilateral proximal
medial tibial bone graft harvesting for the use in lower extremity surgery. It is important to note that harvesting autogenous proximal

bone graft does not significantly add to overall operative time; in our experience we have found it can not only safely, but effectively be
performed in 19 minutes or less. The consistency of and quality of proximal graft is improved over distal tibia and other sites with an av-

erage 12.8ccs of harvested graft. This makes it ideal for more distal foot and ankle applications. With autologous bone graft from the iliac
crest reporting multiple complications including donor site pain, blood loss, heterotopic bone formation, pelvic instability, iliac hernia,

infection, fracture, and deformity [18], we find proximal medial tibial bone graft harvesting to be the optimal choice for lower extremity

surgeries. Our results showed that when utilizing the harvesting technique described, the use of an autologous proximal tibia bone graft
is safe and effective, has a low rate of complications in comparison to other graft harvest sites, and provides sufficient volumes of graft
material needed for foot and ankle surgery.
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