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Biological Reconstruction
of the Proximal Tibia—II:

28

Distraction-Epiphysiolysis Before
Resectioning of the Tumor

Blanca Vazquez-Garcia and Mikel San-Julian

28.1 Basic Clinical History

A 4-year-old girl presented to our Department in 2003 after
amputation was advised elsewhere because of diagnosis of
proximal tibia Ewing’s sarcoma with continuous pain and
swelling in her left knee. She had been treated with a stan-
dard protocol of chemotherapy with a good response. X-ray
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showed a sclerotic lesion with periosteal reaction in the
proximal metaphysis of the tibia. No distant metastases were
found. MRI showed a metaphyseal lesion with soft tissue
mass, but no invasion of the epiphysis, making this patient
suitable for Canadell’s technique [1, 2]. After neoadjuvant
chemotherapy, the tissue mass disappeared.
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28.2 Preoperative Images

See Fig. 28.1.
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Fig.28.1 (a) MRI showing a proximal left metaphyseal Ewing’s sarcoma, with a big soft tissue mass. (b) The tumor was in contact but not cross-
ing the growth plate. The sof tissue mass dissapeared after neoadjuvant chemotherapy

28.3 Preoperative Problem List
To decide:

(a) Is the articular joint affected?

(b) Is the epiphysis free of tumor?

(c) Is the extensor mechanism affected?

(d) Is the growth plate able to continue growing after
treatment?

(e) Given the possibilities of complications, is it worthy to
preserve this limb?

28.4 Treatment Strategy

» First stage: Placing a monolateral external fixator for phy-
seal distraction at a rate of 1 mm/day until the growth
plate breaks (usually 8—10 days). Hospitalization is not
needed in this step. We usually advise the parents that the
patient will have pain and schedule the follow-up X-ray
and surgery 1015 days after placing the fixator.

* Second stage: Resection and biological reconstruction: en-
bloc resection is performed by doing a diaphyseal osteot-
omy and the reconstruction is done with nonvascularized
autograft from the contralateral tibia and fibula. The joint,
the extensor mechanism, and growth plate are preserved.
The grafts are stabilized with the same external fixator.

28.5 Basic Principles

e Growth plate can be a barrier to tumoral spread in selected
cases.

e Preoperative planning is mandatory with an actual MRI
previous to surgery. Imaging methods are very reliable in
assessing whether the growth plate and the epiphysis are
free of tumor.

* The insertion of the patellar tendon in the anterior tibia
tuberosity is retained in the epiphysis as the growth plate
lies inferior in the anterior zone.

e Family cooperation is needed for the external fixator care.

e Rehabilitation is started in 48 h.
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28.6 Photos and Imaging During
Treatment

See Figs. 28.2, 28.3, 28.4, 28.5.

Fig. 28.2 (a, b) External fixation. Epiphysiolysis before excision. Two pins should be placed in the epiphysis (avoiding damage of the growth
plate), and two others in the diaphysis (far away from the tumor). Epiphysiolysis is achieved usually after 8—10 days of distraction at 1 mm/day

Fig. 28.3 (a, b) Intraoperative picture of the resection. Diaphyseal ~ whilst most of the physis remain together with the epiphysis inside the
osteotomy is performed. The metaphyseal “osteotomy” is already done. ~ patient. Subsequent histopathological analysis showed 100% of necro-
You just have to cut the perichondrium with a knife. A small layer of  sis. No radiation was employed

growth plate at the metaphyseal side is a safe margin of resection,
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28.7 Technical Pearls

1. External Fixation [3]:

— Selection of pins and frame according to bone size.

— External fixator is placed in a usual manner (medial)
in the tibia: epiphyseal pins have to be introduced
under fluoroscopy avoiding the growth plate and
avoiding the tumor. Diaphyseal pins should be placed
far away from the tumor. We used regular Schanz
pins. In this particular case, no postoperative chemo-
therapy was given. Most cases of Cafadell’s tech-
nique needed the initial fixator for a period between
10 and 15 days.

— Additional surgery on the proximal tibiofibular joint is
not necessary because distraction is usually about
1 cm.

— The rate of distraction is crucial (1 mm/day) to achieve

Fig. 28.4 Histological study of the proximal resection margin. From
top to bottom: Indian ink, thin layer of growth plate covering the

metaphysis (wide margin), calcification zone, typical loose fibrous tis- a type I epiphysiolysis according to Salter and Harris’
sue, characteristic of Ewing’s Sarcoma with good response to neoadju- classification [4, 5].
vant chemotherapy 2. Resection

— Proximal “osteotomy” is already done by the distrac-
tion, you only need to perform the diaphyseal osteot-
omy. Most of the growth plate remains together with
the retained epiphysis. The small layer of growth plate
covering the metaphysis is a safe margin (healthy tis-
sue) by definition.

3. Reconstruction

— In the long-term follow-up, an autograft is the best
option for intercalary reconstruction in small tumors
such as this. The donor site will rebuild by itself in
young children.

— A single anterolateral incision is performed for
obtaining the bone graft. Gentle dissection leaving
the periosteum intact is mandatory to help in the
regeneration of the donor site. Simple osteotomy of
the medial third part of the fibula and a bone win-
dow of the external third of the tibia is done. Both
bones will self-reconstruct without future interven-
tion. No cast is needed and partial weight bearing is
allowed.

— The same fixator is used, both for physeal distraction
and for stabilizing the reconstruction until healing of
the graft, thus avoiding damage of the growth plate
due to osteosynthesis [6]. In this particular case, the
procedure was carried out at the end of chemotherapy,
thus reducing the possibilities of tract pin infection. In
many other cases, stabilization of the epiphysis to the

. . . . raft was achieved with 2 k-wires, that were removed
Fig. 28.5 X-ray just before removing the external fixation confirming g

graft healing. Reconstruction was done with autologous tibia and fibula after bone healing (3—4 months).

from the contralateral leg and temporarily stabilized with the same — With this technique, most of the growth plate can be
external fixator. She continued with the external fixator 4 months until preserved. However’ lf radiation is used, no growth at
healing of the graft. In this short period of time, you can see the forma-
tion of new bone from the preserved growth plate and the donor site
occurring

this site can be expected.
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28.8 Outcome Photos and Imaging

See Figs. 28.6, 28.7, 28.8.

Fig. 28.6 (a) The donor site reconstruction is visualized. Fracture of the graft occurred 1 year after surgery. (b) Initial conservative treatment was
not succesful, (¢) and plating was necessary
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Fig. 28.7 She developed
valgus deformity in 2011

(8 years after initial surgery,
when she was 12 year old).
Comparing to previous x-ray,
you can see the growth plate
remains active
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Fig.28.8 Final X-ray at 21 year old, A corrective osteotomy, new plat-
ing and contralateral epiphysiodesis had been performed at 12 year old.
Despite the young age at diagnosis (4 year old) and the contact between
the tumor and the physis, this patient did not need any lengthening pro-
cedure, because her growth plate was preserved

28.9 Avoiding and Managing
Complications

— Preoperative planning is vital to this technique, an MRI is
mandatory to confirm the growth plate is free of tumor and
to accurately determine the osteotomy. Crossing the phy-
sis by the tumor is a contraindication for this technique.

— Pathological fracture is a contraindication for physeal dis-
traction unless it heals during neoadjuvant chemotherapy.

— Pin tract infection is not common with Cafiadell’s tech-
nique, because the external fixator is usually in place for
10-15 days. In this particular case, this time was superior
due to the use of the device not only for distraction but
also for stabilization of the graft. This patient had surgery
at the end of chemotherapy protocol, so the risk of infec-
tion was lower, and she had not to pin tract infection [7].

— Autograft fractures usually heal with conservative treat-
ment, but in this case, it required osteosynthesis with bone
grafting.

— Small limb length discrepancy can be easily treated

with contralateral epiphysiodesis. This patient did not
require any other treatment for discrepancy, because her
growth plate continued growing after resection of the
tumor.

Until the fracture developed patient’s growth was as
expected. The valgus deformity was subsequent to the
fracture. We hypothesize that the valgus deformity in
this case was possibly related to Cozen’s phenomenon
[8] (proximal tibia fractures in young children tend to
develop a late valgus) because we have not encoun-
tered this complication in other cases of proximal tibia
distraction epiphysiolysis in “older” patients. We
therefore corrected this deformity with a subsequent
osteotomy.

28.10 Cross References: List of Other Similar

Cases in the Atlas

Chap. 1: When and Why Biological/Implant Reconstruc-
tion?

Chap. 17: Implant Reconstruction of the Femoral
Diaphysis—I: Intercalary Femur Prosthesis

Chap. 25: Implant Reconstruction of the Distal Femur—
IIT: Expandable Prosthesis

Chap. 27: Biological Reconstruction of the Proximal
Tibia—I: Pedicled Frozen Autograft

Chap. 29: Implant Reconstruction of the Proximal Tibia:
Modular Prosthesis and Rotational Gastrocnemius Flap
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