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Several types of vascularized periosteal flaps have recently been described for the treatment or prevention of complex non-union in pedi-
atric patients. Among them, a vascularized tibial periosteal graft (VTPG), supplied by the anterior tibial vessels (ATV), has been used suc-
cessfully as a pedicled flap in a few patients. The purpose of the study is to describe the periosteal branches of the ATV, as well as the
cutaneous and muscular branches by means of an anatomical study. In addition, to report on the use of VTPG as a free flap with a moni-
toring skin island in a clinical case. A mean of 6.5 periosteal branches (range 5–7) were found. In all cases we located a cutaneous perfo-
rator branching from one of the periosteal branches located at the midlevel of the leg. We performed a two-stage reconstruction of a
recalcitrant non-union and residual shortening of the right tibia in a 17-year-old boy. After nonunion focus distraction, we used a massive
bone allograft fixed with a nail and covered by a VTPG as a biological resource. Allograft consolidation was achieved 5.5 months after
surgery. At eighteen months after surgery, no complications were observed and the patient had resumed all his daily activities, despite a
residual 2-cm limb-length discrepancy. VTPG may be considered as a valuable surgical option for bone reconstruction in complex biologi-
cal scenarios in the young population. VC 2015 Wiley Periodicals, Inc. Microsurgery 00:000–000, 2015.

Vascularized periosteal flaps have been reported as very
effective in treating or preventing complex bone non-
union in patients in the pediatric age group, owing to
their high angiogenic and osteogenic potentials.1 The
vascularized tibial periosteal graft (VTPG), a flap based
on the anterior tibial vessels (ATV), has been successfully
applied in one adult case, and recently in two pediatric
cases as a pedicled flap for the treatment of recalcitrant
bone non-union.2,3 In this report, we present the results of
a study on the anatomy of this flap focusing on the perios-
teal branches and cutaneous perforators. We also report on
the use of a free VTPG with a monitoring skin island com-
bined with a structural bone allograft, in the reconstruction
of a recalcitrant pseudoarthrosis and shortening of the left
tibia in a 17-year-old boy.

ANATOMICAL STUDY

Ten lower limbs from fresh human cadavers were
used, voluntary donations to the Anatomy and Embryol-
ogy Unit of the Faculty of Medicine. Retrograde arterial
injection of colored natural latex through the anterior tib-
ial artery at the level of the ankle was performed in all
specimens. The branches of the ATV were dissected
under 32.5 loupe magnification, noting the muscular and
periosteal branches arising distal to the origin of the
anterior recurrent tibial vessels, which were identified in
all specimens. Cutaneous perforators arising from the
periosteal branches were also investigated.

ANATOMICAL FINDINGS

The periosteal branches arose from the medial and dor-
sal side of the ATV and ran over the interosseous mem-
brane and deep into the anterior tibialis muscle (ATM),
before reaching and running transversely across the perios-
teum of the tibia’s medial aspect. There was a mean of 6.5
periosteal branches (range 5–7) with a mean of 3.5 cm of
distance between branches (range 2.8–4.1 cm) (Fig. 1A).
In all cases we located a cutaneous perforator branching
from one of the periosteal branches located at the midlevel
of the leg. There was a mean of 11.5 muscular branches
from the ATM (range 9–15)—7.5 for the extensor digito-
rum longus (range 5–10) and 5.5 for the extensor hallucis
longus (range 4–8) (Fig. 1B).

CASE REPORT

A 17-year-old male presented with a recalcitrant tibial
pseudoarthrosis secondary to an open fracture at the age
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of 15. He had undergone eight previous failed surgeries.
He had a residual limb-length discrepancy of 6 cm and
an anterolateral bowing of the tibia (Fig. 2).

A two-stage reconstruction was planned and carried
out. The first surgery consisted of a 6 cm tibial lengthen-
ing using an Ilizarov external fixator, which allowed us
to distract the non-union focus and correct tibial angula-
tion (Fig. 3A). The external fixator was removed 2 weeks
before the second operation, and oral quinolones were
prescribed.

The second stage consisted of debridement of the
non-union site, intercalary structural bone allografting,
and endomedular nail fixation (Figs. 3B and 3E). The
interposed bone allograft measured 4 cm, as soft tissue
retraction had occurred after removal of the external fixa-
tor. The allograft was fixed with an endomedular nail
(Fig. 3E). The graft was longitudinally covered with a
free VTPG obtained from the contralateral tibia and
anastomosed to the ATV (Fig. 3B). In the donor leg, a
longitudinal anterior incision was used. The ATV were
identified between the tibialis anterior muscle and exten-
sor digitorum comunis/extensor hallucis longus, and were
dissected from the deep peroneal nerve distal to the ori-
gin of the recurrent tibial vessels. The muscular branches
were ligated, while the periosteal branches were pre-
served. A cutaneous perforator was identified at the mid-
level of the leg, arising from one of the periosteal
branches (Fig. 3D). The interosseous membrane was
detached from the fibula. Muscular insertions were cir-
cumferentially detached from the tibia. A longitudinal
periosteal incision was performed over the anterior bor-
der of the tibia, and an elevator was used to detach
!20 cm of the tibial periosteum. After harvest, the peri-
osteal flap measured 15 cm in length and 4 cm in width,
due to elastic retraction (Fig. 3C).

The postoperative period was uneventful. Complete
lower-limb weight-bearing was allowed two weeks after
the operation. Allograft consolidation was achieved 5.5
months after surgery (Fig. 4). At 18 months after sur-
gery, no complications had been observed and the patient
had resumed all his daily activities, despite a residual
2 cm limb-length discrepancy.

Figure 2. Preoperative radiographs and clinical image of a recalcitrant tibial pseudoarthrosis and residual limb-length discrepancy, with
anterolateral bowing of the tibia.

Figure 1. Anterior compartment of the leg dissection. A: Five to
seven periosteal branches (white arrow), originating distal to the
ATRV (black arrow), were found running transversely across the
periosteum of the medial aspect of the tibia (Arrow). B: Multiple
muscular branches were found for the ATM (*) and extensor digito-
rum longus/extensor hallucis longus (#).
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DISCUSSION

The VTPG combined with a structural bone allograft
was effective in the treatment of a recalcitrant non-union
with bone shortening, and provided very rapid bone
consolidation.

This is the first report on the use of a VTPG as a
free flap, and on association with a monitoring skin flap.
Only three cases have been reported as having been
treated with such flaps, all designed in a pedicled
fashion.2,3

The combination of a massive bone allograft and a
vascularized periosteal graft (obtained from the fibula)
associated with endomedular fixation has recently been
described in the treatment of massive bone defects in
children.3 This procedure is a variation of Capanna’s
technique and applicable in the child population, owing
to the ease of harvesting the thick and robust periosteum
typical at this age.4 Times for consolidation and integra-
tion of the massive bone allograft with Soldado’s proce-
dure were shorter as compared to Capanna’s technique.
This may be explained by the abundance of osteogenic
stem cells located in the cambium layer, in contact with
the allograft.1,5–7 The cambium layer, in intimate contact
with both the non-union focus and the poorly vascular-
ized surrounding tissues, may promote tissue revasculari-
zation and healing more efficiently than a vascularized
bone graft.3 Thus, we prefer Soldado’s technique, but
rather than fibular periosteum, we would recommend the

use of tibial periosteum because of its larger size, pre-
sumably offering greater osteogenic potential.3

Because in the present case the distal femoral physis
was already closed, we could have combined the allo-
graft with a Sakai’s flap—i.e., a vascularized corticoper-
iosteal medial femoral condyle flap.8 Such a flap offers
an advantage over the VTPG in terms of lower donor-
site morbidity, since a primary vascular axis need not be

Figure 3. Two-stage right tibial reconstruction. A: 6-cm tibial lengthening using an Ilizarov external fixator and tibial angulation correction.
B: VTPG (*) before complete detachment from the tibia. C: VTPG (*) after complete detachment from the tibia, previous to the disconnec-
tion from the ATV (arrow). D: Perforator cutaneous branch (arrow) which made a skin monitor possible. E: Fixation of the massive bone
allograft with an endomedular nail. (#) Anterior tibial muscle.

Figure 4. Radiographs performed 15 months after surgery, showing
allograft consolidation (left). In spite of a residual 2-cm limb-length
discrepancy, the patient resumed his daily and athletic activities.
The skin monitoring flap was appreciated (*) (right).
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sacrificed. A potential disadvantage might be the size of
the flap—usually <35 cm2, as compared to the 60 cm2

area of the VTPG in our patient—preventing complete
coverage of the allograft and allograft–host bone
junction.8

Using vascularized tissue was necessary in this com-
plex biological scenario, so as to provide the necessary
angiogenic and osteogenic resources.9,10 Along this same
line, another reconstructive option might have been a
free vascularized fibular graft, fixed with a plate or with
the initial external fixator.11 However, such an approach
would have precluded limb weight bearing and made the
use of crutches necessary for several months. With the
technique we used, full weight bearing was possible 2
weeks after the operation.

The findings of our anatomical study were similar to
those reported by Crock with regard to the number and
distribution of periosteal branches arising from the
ATV.2 We also studied the presence of cutaneous perfo-
rator branches; a cutaneous perforator was present in all
anatomic specimens, just as in our patient. Use of a skin
island provided a reliable indicator of flap viability, per-
mitting postoperative monitoring of the anastomosis.12

Furthermore, in a case where the expected biological
benefit of the periosteal flap (i.e., allograft consolidation)
did not appear, confirmation of correct vascularization
would be essential to arriving at a valid conclusion
regarding the flap’s effectiveness.12 Finally, our anatomi-
cal study quantified the muscular branches distal to the
anterior recurrent tibialis vessels (ARTV). ARTV should
be preserved, since they are the main vascular source for
the anterior compartment of the leg.3,13

VTPG may be considered as a valuable surgical
option to promote bone healing or incorporation of bone
allografts thus, amenable in complex biological scenarios
in the young population.
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