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optimization of the fibula flap for reconstructive surgery.

INTRODUCTION

The reconstruction of extensive bone defects, par-
ticularly in the limbs and mandibular region, has
long been a challenging endeavor in reconstructive
surgery. The advent of the fibula free flap has revolu-
tionized this field, offering a versatile and reliable
solution for such complex reconstructions. Intro-
duced by Taylor et al. in 1975, the fibula free flap has
become a preferred method due to its ample bone
length, consistent vascular pedicle, and the possibili-
ty of incorporating a skin paddle for soft tissue recon-
struction [1]. Its anatomical features, including the
bone’s size, shape, and biomechanical strength, make
it an ideal choice for structural and functional resto-
ration, especially in load-bearing areas like the lower
limb [2]. The technique’s evolution has been marked
by an increasing understanding of its vascular anato-
my, crucial for flap viability and surgical success.
Studies have emphasized the importance of the pero-
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neal artery and its perforators, which supply the skin
paddle, making the flap versatile for composite tissue
defects [3]. However, the intricacies of microvascular
surgery, including the variability in vascular anato-
my and potential for donor site morbidity, present
significant challenges. These complexities under-
score the need for meticulous preoperative planning,
often involving advanced imaging techniques like CT
angiography, to map out the vascular territory and
enable precise flap design [4]. Despite its widespread
application and proven efficacy, the use of the fibula
free flap in limb reconstruction demands continuous
scrutiny. Studies have shown varying rates of success
and complications, influenced by factors such as the
defect’s etiology, patient comorbidities, and surgical
technique variations [3]. This underscores the neces-
sity for ongoing research to refine surgical tech-
niques, enhance patient selection criteria, and opti-
mize outcomes. The current study aims to contribute
to this body of knowledge by presenting a retrospec-
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tive analysis of fibula free flap reconstructions, fo-
cusing on clinical applications, anatomical consider-
ations, and postoperative outcomes.

OBJECTIVES

The aim of this study was to investigate the clini-
cal applications of the fibula flap for reconstructing
bone defects in the limbs, resulting from trauma, in-
fections, or oncological pathology. It also focused on
analyzing preoperative experiences — imaging and
intraoperative aspects, of the vascularization of the
fibula flap that can be extremely useful in optimizing
preoperative planning.

MATERIALS AND METHODS

A retrospective study was conducted on adult pa-
tients who were presented with extensive bone de-
fects of the limbs and received surgical treatment for
this pathology from 2014 to 2020. The inclusion crite-
rion for the study group was the use of the free trans-
ferred fibula flap as an elective therapeutic method.
Demographic data were collected on age, gender, co-
morbidities, etiology and location of the bone defect,
type of surgical intervention performed, and postop-
erative complications. Specific anatomical elements
of the fibula flap, such as the length of the fibula, di-
mensions of the skin island, the distance between the
fibular head and the emergence of the anterior tibial
artery and peroneal artery, the number of perfora-
tors, and their distribution along the calf, were also
studied.

The variables used in this analysis were largely
quantitative parameters. They were analyzed using
Microsoft Excel and the SPSS statistics program. For
the parameters or variables used in this study, ex-
treme values, mean and standard deviation, coeffi-
cient of variation, standard error, and the hypothesis
of normality were checked, both by assessing the ex-
istence of symmetry using the median and by using
various normality tests (Shapiro-Wilk). The Chi-
square test was used to determine if the null hypoth-
eses were true (p-value = statistically significant if
p<0.05).

RESULTS

Our study group comprised 14 patients, who un-
derwent reconstruction of a limb bone defect with a
free transferred fibula flap (Table 1). Of these, 12 pa-
tients were male, and the rest female. The average
age of the patients was 41 years, ranging between 18
and 62 years. A proportion of 35% of patients had co-
morbidities such as dyslipidemia, obesity, and hyper-
tension, and 21.5% of the patients were smokers.
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TABLE 1. Frequency distribution - qualitative data
Frequency %

Gender

male 2 14%

female 12 86%
Comorbidities

yes 5 35%

no 9 65%
Smokers

yes 3 21,5%

no 11 78,5%
Localization

aseptic necrosis of the femoral head 3 21,5%

femur 3 21,5%

tibia 6 2%

humerus 1 7%

radius 1 7%
Etiology

trauma 9 65%

idiopathic 3 21,5%

benign tumor excision 2 14,5%
Type of FFF

osteocutaneous 11 78,5%

osteocutaneous — double barrel 2 14,5%

Most of the bone defects were localized in the low-
er limb (86%), with a predominance of defects at the
level of the tibia. The study group also included two
patients with defects in the upper limb, one present-
ing a bone defect of the humerus, and the other at the
radius level (Figures 1-3).

The etiology of the bone defects was mostly
post-traumatic (9 cases), 3 idiopathic, and 2 following
the resection of benign tumor formations (giant cell
tumor). With one exception, where a bony fibula flap
was used, the reconstruction of bone defects was per-
formed with osteocutaneous fibula flaps.

The harvesting of the fibula flap was performed
in equal proportions from the contralateral or ipsilat-
eral pelvic limb.

Based on imaging investigations — angio-CT, cor-
related with clinical elements identified intraopera-
tively, it was possible to establish the distance from
the fibular head at which the emergence of the ante-
rior tibial, posterior tibial, and peroneal arteries is
present. This was extremely important in preopera-
tive planning; the proximal osteotomy was per-
formed so that the dissection of the peroneal pedicle
could be carried out with ease. On average, the
emergence of the peroneal artery occurred at 6.45
cm from the proximal epiphysis of the fibula.

The dimensions of the skin islands were varia-
ble, with an average of ~ 24cm? - 7x4 cm. In most
cases, very large skin islands were not necessary, so
a width of maximum 3.5 cm was preferred to be
able to close the donor area primarily (Table 2).
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FIGURE 1. Preoperatory clinical aspect of a forearm with radius defect

FIGURE 2. Preoperatory radiological aspect of a forearm with radius defect (AP view and profile)

TABLE 2. Vascularization - emergence of anterior, posterior tibial and peroneal arteries and dimensions of cutaneous islets

min max m sd md sk 4 S-W
GO ALTE] IR 26 42 32.36 4.86 320 0.805 -.007 88*
emergence
Peroneal artery 58 75 64.50 533 63.0 0.59 -0.67 92
emergence
skin islet (cm?) 12 40 24 11.95 255 -0.32 -0.58 95+

Note: m — arithmetic mean, sd — standard deviation, md — median value, sk — asymmetry coefficient, vaulting coefficient, S-W — value of the
Shapiro-Wilk normality test

Also, musculocutaneous, and fasciocutaneous per- Most frequently the perforators were found in
forators of the peroneal artery were identified imag-  the distal half of the calf, at an average distance of
ing-wise. Some of these were used to raise a skin island
in cases where the fibula flap used for reconstructing
defects was osteocutaneous. Perforator-based flaps
were used in 13 of the patients, representing 92.8%. 2 perforators were identified in each patient. The
Two perforators were used in those cases. average length of the fibula was 39 cm (Table 3).

10.3 cm, respectively 13.9 cm from the distal end of
the fibula. Using imaging investigations (angio-CT),
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FIGURE 3. Postoperative radiological aspect of the reconstructed radius (AP view and profile)

TABLE 3. The distribution of perforators in the calf and the length of the fibula according to measurements made with
angio-CTs

Nr Fibula distal 1st perforator 2nd perforator (mm) Number of perforators Fibula length (mm)
crt extremity (mm)

1 0 109 142 2 385
2 0 111 138 2 413
3 0 127 169 2 398
4 0 122 165 2 388
5 0 114 152 2 392
6 0 143 182 2 396
7 0 113 152 2 405
8 0 116 150 2 393
9 0 84 130 2 356
10 0 84 136 2 348
11 0 105 132 2 388
12 0 115 137 2 411
13 0 133 160 2 403
14 0 118 150 2 386

Average 103,85 139,64 2 390,14
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TABLE 4. Length of the vascularized bone graft utilized
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min max m

sd md sk k S-wW

Length of utilized bone

graft 90 210 135

40.91 120.0 0.68 -0.88 .88*

Note: m — arithmetic mean, sd — standard deviation, md — median value, sk — asymmetry coefficient, vaulting coefficient, S-W — value of the

Shapiro-Wilk normality test

The average length of vascularized bone graft
utilized was between 9 and 21 cm, with an average
length of 13.5 cm (Table 4).

The distribution analysis along the calf was per-
formed based on the values obtained from the ratio
between the distance from the perforator to the dis-
tal fibular end, and the total fibular length. The dis-
tal third of the calf is up to 0.33, distal half up to 0.5,
the middle third is up to 0.67.

TABLE 5. Distribution of perforators along the calf and
where they occur most frequently

Rank of perforator n min max m sd
1st perforator 14 0.207 0.36 0.26  0.037
2nd perforator 14 0.33 0.76  0.36 0.042

Note: m — arithmetic mean, sd — standard deviation

From the results presented in the previous table,
it is observed that for the first perforator, the maxi-
mum distance is in the middle third of the calf
(max=0.36), and the mean distance is in the distal
third of the calf (m=0.26) (Table 5).

The most common recipient vessels for anasto-
moses are the anterior tibial artery (42.8%) (Table 6),
respectively, the anterior tibial vein (42.8%) (Table 7).

TABLE 6. Recipient artery

Recipient artery Frequency %
Deep femoral artery 2 14.3
Lateral femoral circumflex artery 3 21.4
Popliteal artery 1 7.4
Anterior tibial artery 6 42.8
Brachial artery 1 7.4

Radial artery 1 7.4

TABLE 7. Recipient vein
Recipient vein Frequency %
2

Lateral femoral circumflex vein 3 21.4
Popliteal vein 1 7.4
Anterior tibial vein 6 42.8

Basilic vein 1 7.4

Cephalic vein 1 7.4

DISCUSSION

The fibula free flap represents a pivotal advance-
ment in the management of complex long bone de-
fects. The vascularized bony or composite fibula flap
shows efficacy in replacing segments of long bones
compromised by oncological resections, traumatic
injuries, or congenital malformations. The fibula, be-
ing a non-weight-bearing bone, offers a unique com-
bination of structural integrity and vascular versatil-
ity, making it an ideal candidate for reconstructive
procedures involving the femur, tibia, and humerus
[5-8].

Most of our patients had post-traumatic defects,
specifically 9 cases, and only 2 cases were represent-
ed by benign tumor pathology. In post-traumatic pa-
thology, it is necessary to adhere to strict principles,
involving aggressive debridement of devitalized tis-
sues, ensuring adequate vascularization of the affect-
ed segment, and subsequently applying a reconstruc-
tive approach that addresses both skeletal defects
and composite soft tissue defects. In trauma cases, a
collaborative ortho-plastic approach is highly recom-
mended. As established by Godina and widely re-
garded as a reconstructive principle, it is advised that
soft tissue coverage for open extremity fractures be
conducted within the first 72 hours following the
traumatic event [9]. However, with the introduction
of most recent technologies such as negative pres-
sure wound therapy, flap coverage can be strategical-
ly delayed until the patient achieves stable systemic
conditions. This approach allows for optimal timing
of reconstructive surgery, ensuring the patient is in
the best possible state for recovery and healing [10].

The free vascularized fibula flap is considered
the premier option for vascularized bone grafting in
the treatment of segmental long bone defects fol-
lowing trauma [11].

Also, free fibula flap stands as a workhorse flap
within the therapeutic arsenal for limb reconstruc-
tion following the orthopedic resection of oncological
long bones, in both adults and children. It showcases
a high rate of bone healing, enables early ambula-
tion, ensures good functionality, and maintains a low
rate of complications. Additionally, it supports the
continuation of adjuvant oncologic treatments need-
ed in such patients [6,12,13].

Reconstruction after extensive bone tumors re-
section was described using a mix of allografts and
free vascularized autologous fibula flaps, based on
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the technique first described by Capanna. This com-
bined approach provides immediate mechanical sta-
bility and over time, the vascularized fibular grafts
integrated with the allografts, forming fully biologi-
cal and vascularized units [14,15].

The average length of the harvested fibular seg-
ment is in line with previous studies, being of an ad-
equate size for the proposed reconstructions. Thus,
the length of the fibula varied between 34.8 and 43.1
cm, with an average of about 39 cm. The length of
the fibula segment used varied between 9 and 21
cm, with an average of 13.5 cm +/- 4.9 cm.

In a significant proportion of cases - 13 (92.85%)
- the osteocutaneous fibula flap was used. This type
of flap is generally used for covering soft tissue de-
fects, but in most of these cases, the skin island was
raised as a clinical indicator for postoperative mon-
itoring of vascular perfusion.

Most frequently, the perforators in our study are
encountered at the junction of the middle third with
the distal third of the calf, which confirms studies in
specialized literature. Thus, 16 perforators (57.14%)
were identified in the distal third of the calf, near
the junction with the middle third and 12 perfora-
tors (42.86%) were identified in the middle third.

Compared to various studies in literature up to
now, the number of perforators from the peroneal
artery identified in the calf for our study was gener-
ally lower, at only 2 perforators. However, it should
be mentioned that the identification of perforators
was mixed, clinical and imaging, and imaging-wise,
perforators with a diameter of less than 0.3 mm could
not be identified. Nonetheless, studies have shown
that the accuracy rate in identifying perforators with
angio-CT is extremely high, with very low rates of
false positives and negatives [16]. Thus, Cho et al.
identified an average of 3.58 +/- 0.71 perforators, Yu
et al. identified an average of 2.52 perforators [17,
18]. In 2012, Iorio et al. published a detailed analysis
of the specialty literature at that time related to per-
forators of the peroneal artery, from which he select-
ed 6 cadaver studies and 3 clinical studies. A total of
1626 perforators from 392 dissected calves, 608 sep-
tocutaneous from 345 dissected calves, and 831 mus-
culocutaneous from 292 dissected calves were ana-
lyzed [19]. In 2010, Ribuffo et al. conducted an
imaging study in which they identified 171 perfora-
tors in 82 calves analyzed [20].

The emphasis on preoperative imaging, especially
angio-CT, for vascular mapping aligns with the rec-
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ommendations by Rozen et al. [21]. The study’s find-
ings on the average emergence of the peroneal artery
at 6.45 cm from the fibular head provide crucial data
for surgical planning.

The recent advancements in preoperative plan-
ning, including the use of three-dimensional imaging
and computer-aided design, have significantly en-
hanced the precision of fibula flap reconstruction,
enabling customization of the graft to fit the specific
anatomical and biomechanical requirements of the
recipient site, especially in complex maxilla and
mandible reconstruction [22,23].

This personalized approach optimizes the func-
tional outcomes of the reconstruction, improving
limb salvage rates and patient quality of life [24].

Despite its benefits, the fibula flap technique is
not devoid of challenges. The potential for donor-site
morbidity, including gait disturbances and lower
limb weakness, necessitates careful candidate selec-
tion and meticulous surgical technique [25].

Moreover, the complexity of microvascular anas-
tomosis requires a high level of expertise, limiting
the procedure to specialized centers.

Summarizing, the fibula free flap stands as a cor-
nerstone in the reconstruction of long bone defects,
associating the integration of surgical innovation
with the physiological healing processes. Continued
research and technological advancements promise
to expand its applicability and efficacy, reinforcing
its role in the future of reconstructive surgery.

CONCLUSION

This retrospective study sheds light on the multi-
faceted aspects of utilizing the free transferred fibula
flap for limb extensive bone defect reconstruction.
The findings underscore the importance of consider-
ing patient demographics, anatomical characteristics
of the fibula flap, and the strategic use of perforators
in achieving favorable outcomes. These insights con-
tribute to the refinement of preoperative planning
and procedural techniques, ultimately enhancing the
efficacy of this elective therapeutic approach in the
clinical management of patients with extensive bone
defects. Further studies with larger sample sizes and
long-term follow-ups could provide additional depth
to our understanding of the outcomes and potential
refinements in this surgical modality.
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