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Abstract

Proximal fibular tumor resection has always been a challenge to an orthopedic surgeon due to the proximity of two major structures; the
peroneal nerve and anterior tibial artery. Extra-articular resection of the proximal tibiofibular joint, sacrificing of peroneal nerve and split
resection of lateral tibial wall are major points of debate. Malawer described two types of resection for aggressive benign and malignant
tumors of the proximal fibula, type I for benign and type II for malignant tumors. Between 1992 and 2002, nine male patients with proximal
fibula tumors were treated by en-bloc resection as described either by Malawer and or by one of two new resection techniques. Of the nine
tumors, six were diagnosed as giant cell tumor (one of them recurrent), two as osteosarcoma and one as benign fibrous histiocytoma. The
mean age of the patients was 23.6 (20—48) years. The mean follow up period was 42.8 months (15—117). There were no complications
leading to a secondary surgical procedure+no local recurrence. Tumor volume was over 250 ml in two GCT cases, so the deep peroneal nerve
was sacrificed to provide a wide margin. latrogenic peroneal nerve palsy developed in two patients. Late tendon transfers were performed for
the management of drop foot. Our results indicate that if tumor is recurrent or has a large volume, wide resection (including deep peroneal
nerve) should be done. Despite satisfactory tumor management, functional outcomes turned out to be variable, therefore precise ligament and

muscle reconstruction is recommended.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

As the fourth compartment of the knee, proximal
tibiofibular joint (PTFJ) and its muscular-ligamentous
attachments deserves much attention in any anatomical
and functional consideration of the knee joint. Recent
studies suggest that PTFJ plays an important role on
knee stability, particularly as the lateral collateral liga-
ment and biceps femoris tendon are the main lateral
stabilizators of the knee. Only 2.5% of primary bone
tumors are found in the fibula [9], and those requiring
wide resection are usually localized in proximal part. At
this site, common tumors are osteosarcoma, Ewing’s
tumor and giant cell tumor (GCT). The incidence of
giant cell tumor and osteosarcoma in the proximal fibula
is 2.8—8% and 2.3%, respectively [5,14]. Close relation
of common peroneal nerve and anterior tibial artery to
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the proximal fibula are major challenges in surgical
resection of tumors at this location. Concurrently, sacri-
fice of PTFJ and lateral stabilizators of the knee may
cause various degrees of knee instability. Although two
detailed types of resection technique for malignant and
aggressive benign proximal fibular tumors have been
described by Malawer in 1984, there are not many
studies in the literature where different types of resection
are described and variable clinical outcome is reported
[5,8,9,11]. These reports focus mainly on preserving the
peroneal nerve, resection of lateral tibial wall and resec-
tion type of proximal tibiofibular joint. In these few
reports, where different resection techniques were used,
local recurrence was rarely reported [5]. This study
describes a review of the therapeutic outcomes of seven
benign and two malignant bone tumors localized in the
proximal fibula managed according to Malawer’s resec-
tion types. Two modifications of Malawer’s resection
methods were made by us: (1) Tumor volume calculation
was included in the surgeon’s decision process to deter-
mine the resection type and (2) If the joint was not
invaded by the tumor in MR images and if there was at
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Fig. 1. Anteroposterior X-ray of the GCT. Note that cortical destruction,
marked expansion of proximal fibula with uncertain marginal zone (Case
IX).

least 2 cm fibular segment free of tumor, preservation of
PTFJ was performed. Knee stability after different resec-
tion methods is also discussed.

2. Patients and method

Between April 1992 and January 2002, nine male
patients with proximal fibular tumors were treated surgically
at our institution. The mean age of the patients was 23.6
(20—-48) years. In the preoperative period, patients were
evaluated with bone and chest X-ray, bone scintigraphy, CT
and MRI (Figs. 1 and 2). Histopathological diagnoses were
obtained by fine needle biopsy. Surgical stages of nine
lesions were as follows; six grade III (benign aggressive)
giant cell tumor of bone (GCT) and one grade III benign
fibrous histiocytoma of bone (BFH) and two grade IIB (high
grade malignant, extracompartmantal) osteosarcomas [15].
Induction chemotherapy was given to the patients with
osteosarcoma. A pathological fracture after minor trauma
was noted at the time of admission to our hospital in one of
the patients who had an osteosarcoma (case VI). One patient
with GCT was referred us with recurrence after two intra-
lesional curettages.

Type I-III-IV resections were performed for benign
lesions and type II resection for malign lesions according
to Malawer with minor modifications (Fig. 3a—b). Brief
descriptions of resections are as follows; Type I (mar-
ginal) includes resection of proximal fibula with 1-2 cm
normal diaphysis and a thin muscle cuff in all dimensions
while preserving the peroneal nerve and all motor
branches. Type II (wide intracompartmental) includes
resection of proximal fibula with 3 cm normal diaphysis
with anterior and lateral muscle compartments, peroneal
nerve, anterior tibial artery and proximal tibiofibular joint
(extra-articular) and gastrocnemius flap reconstruction.
(Fig. 4). Type III; type I resectiontresection of deep
peroneal nerve (in benign tumors, volume over 250 ml)
Type IV; Type I resection but PTFJ and 2-3 cm fibular
segment is preserved.

Tumor volume calculation was performed according to
Sorensen et al. by using diameter method with MRI scans
[13]. Lesions were assessed as ellipsoid. After evaluation
of axial, coronal and sagittal T1 weighted images, volume
was calculated with the formula V=4/3pi (axbXc) (where
a, b, c indicates that half of the diameters). We divided
the patients into two groups according to tumor volume;
over 250 ml (case I and IX) and less than 250 ml (cases
- VII).

Extra-articular proximal tibiofibular joint resection was
performed in four cases (two osteosarcomas and two
GCT). In the case of BFH and one GCT, proximal
tibiofibular joint (PTFJ) was preserved with a proximal
metaphyseal segment of 2—3-cm long (type IV resection)
(Fig. 5). After preoperative volume calculation and intra-
operative verification, in patients with a tumor volume
over 250 ml, the superficial branch of peroneal nerve was

Fig. 2. Axial CT image revealed detailed cortical destruction and large
volume of the lesion, typical appearances of grade III GCT (Case
IX).
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Fig. 3. (a) Schematic illustration of type I resection according to Malawer. (b) Schematic illustration of type II resection according to Malawer.

preserved but the deep peroneal nerve was sacrified in
order to obtain safe surgical margins (type III resection)
(Fig. 6a,b). Also, primary repair of anterior tibial artery
and saphenous vein grafting was performed in case I.
Great care was taken for proper reconstruction of lateral

collateral ligament and reinsertion of biceps femoris tendon
on the lateral condyle of tibia in order to prevent knee
instability.

Postoperatively, the affected limbs were immobilized
with a splint allowing 30° flexion for 2 weeks for type
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Fig. 4. Intraoperative appearance. (1) Biceps femoris tendon and its insertion (2) Deep peroneal nerve, enters to the lesion (unable to dissect) (3) Superficial

peroneal nerve, explored (Case IX).

[-II-1V and 3 weeks for type II resections. Full weight
bearing was allowed after splint immobilization. All
patients were examined at 3 months intervals during the
first postoperative year and twice a year thereafter. Clinical
outcome was assessed according to Enneking’s scoring
system at the last follow up (Table 1) [4]. Knee stability
was evaluated by patient’s history, clinical examination and
valgus-varus stress radiographs.

3. Results

Three type I, two type II, two type III and two type
IV fibular resections were performed. In all of the
resections, negative surgical margins were obtained at
surgery. None of our patients required a secondary
surgical procedure. The mean follow up period was
42.8 months (15-117). Mean en-bloc resection length
was 11.2 cm (9.5-14).

The results were determined as excellent and/or good
in three patients, fair in three patients and poor in three
patients according to Enneking’s functional scoring sys-
tem. Only two patients have healed completely without
any complication (case IV-VII). Two patients who
underwent type II resection and one patient who under-
went type III resection began to use foot-ankle orthosis
for peroneal nerve palsy. After type I and IV resections,
two iatrogenic peroneal nerve palsy developed and two
more at type III (one of these patients also had anterior
tibial artery repair). Calf atrophy of approximately 3 cm
developed in the patients with peroneal nerve palsy. In

two patients (case V and IX) with peroneal nerve palsy,
split posterior tendon transfer (SPTT) was performed 7-
9 months after resection. Percentages of tumor necrosis
after chemotherapy in two osteosarcoma patients were 50
and 100% (case VI and VII). Lung metastasis was
determined in both osteosarcoma patients 14 (12—15)
months after the operation and treated with metastec-
tomy—chemotherapy protocol. One patient, who had 50%
of tumor necrosis, died 25 months after surgery because
of multiple metastases (case VI). One patient is still alive
with disease at his last follow up (case VIII). Histolog-
ical interpretation of the specimen of case five revealed
secondary aneurysmal bone cyst components of GCT.
Surgical margins were reported as clear in all cases
(Table 2).

Physical and radiological examination revealed no knee
instability by manual varus and valgus stress tests and on
varus-valgus stress radiographs. None of our patients com-
plained of knee instability symptoms. No secondary surgical
procedure was performed because of local complications or
recurrence.

4. Discussion

Marcove performed first limb salvage attempt in prox-
imal fibular osteosarcoma by total resection of fibula in
1977 [10] and Malawer described two detailed different
resection types in 1984 [9]. We describe two more resection
types of proximal fibula to Malawer’s classification. Type |
(marginal), type II (wide intracompartmental), type III (wide
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Fig. 5. Type IV resection; proximal tibiofibular joint is preserved with
metaphyseal portion of proximal fibula (Case IV).

intracompartmental, preserving superficial peroneal nerve),
type IV (PTFJ preserved).

Surgical treatments of benign aggressive tumors are
based on tumor grade, anatomical localization and local
recurrence rate. For GCT of distal radius, even aggressive
wide resection is recommended for permanent local control
of disease [6]. In benign tumors of the fibula, intralesional
or marginal resections of tumor mass and intraarticular PTFJ
resection, local recurrences may occur [5]. Thus we consider
that for some grade I GCTs localized to proximal fibula —
especially if the tumor volume is high and soft tissue
component is present, marginal resection can be inadequate
and primary wide resection with deep peroneal nerve
sacrifice (type III) will be indicated. Great care must be
taken to avoid inadequate surgical margins, while trying to
preserve the peroneal nerve and other important anatomical
structures [11].

MRI (especially post contrast axial-coronal T1 weighted
images) is an essential step in assessing the resectability of
the tumor, describing the relationship with major neuro-
vascular structures, calculating the tumor volume and deter-
mining the involvement of PTFJ. Tumor volume calculation
must be involved in surgeon’s decision making process. 250
ml tumor volume can be considered as the limit for resection
of deep peroneal nerve in benign lesions. If PTFJ and 2 cm
of fibular metaphyseal segment is found out to be clear in
MR images, they can be preserved. This will abolish the
need for biceps femoris and lateral collateral ligament repair
and prevent the risk of knee instability. If they cannot be
preserved, an intraarticular PTFJ resection will also provide
local control of disease, because intraarticular PTFJ resec-
tion in our series resulted in a 0% recurrence rate. Tumor
resection of the tibial side is still controversial. Both sub-
periostal dissection from the lateral tibial wall [5,9,11] and
resection of tibial wall is recommended [8]. We performed
subperiostal resection in our cases.

Resection of proximal fibula brings serious functional
problems like peroneal loss [2,9,11]. Peroneal nerve palsy
leading to a lush stepping gait, permanent use of an ankle-
foot orthosis (AFO), muscle atrophy and parasthesiae all of
which will decrease the Enneking score. Split posterior
tibial tendon (SPTT) transfer is a appropriate alternative
for compensation of peroneal loss and eliminates the use of
an AFO. Improvement of extremity function with this
reconstructive surgery gives better Enneking scores (poor
to fair) as in our series (case V, IX).

The fibula and PTFJ play an important role in the
biomechanics of the knee and leg [2,12,16]. Its major roles
are load transfer between knee and ankle, acting at the site
of origin for muscles and dissipation of lateral tibial bending
moments. Thus any difference in resection types such as
resection length of fibula, PTFJ preservation, ligamentous
repair and gastrocnemius flap procedure will affect both
knee and ankle in gait.

Bozkurt et al. proved that PTFJ, anatomically and
clinically is a part of the knee. Their cadaveric study
demonstrated that there is a clear communication between
the PTFJ and the knee in 64.3% of dissections [1]. Thus
we may consider proximal fibular resection as removing
an important structure of the knee. Varus stabilization of
the knee is mainly provided by the lateral collateral
ligament, biceps femoris and the anterior tibiofibular
ligament [2,16]. If the proximal fibula is resected, the
lateral collateral ligament and biceps femoris tendon
should be meticulously reattached. Contrary to the con-
sensus in the literature [2,8,9] Eionder and Choong did
not perform any reconstruction of these structures.
Although they reported that the knee remained stable in
their series for 4 years of follow up, 1 cm joint space
widening was detected in two cases [3]. This degree of
instability of the knee may result in osteoarthritis in long-
term follow-up [2]. Thus if a proximal fibular resection
is planned, where the patients are usually young, recon-
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(b)

Fig. 6. (a) Clinical appearance of the patient who had recurrent GCT. Large soft tissue swelling is visible in the posterolateral compartment of the leg (Case I).
(b) Lateral X-ray of the lesion revealed that tumor destructed bony structure and expanded in to soft tissue (Case I).

struction of the lateral instability is essential for preven-
tion of knee osteoarthritis.

Proximal fibular resection with ligamentous reattachment
causes gait abnormalities and even knee instability [2,16].
Draganich et al. reported increased anterior and anteropos-
terior translation of knee at flexion, varus-valgus rotations at
20° flexion and several abnormalities in ground reaction
forces [2]. Draganich suggested that these disorders can be
minimized by proper reattachment of lateral collateral
ligament and biceps tendon at their new insertion site.
Youdas et al. reported moderate changes in the knee after
removal of fibular diaphyseal segment with intact PTFJ (like
type IV resection), such as transverse motion of the knee
and late stance sagittal motion of the knee [16]. These
changes are due to alterations in load transmission through
the fibula and loss of origin of the muscles. Thus when
fibular resection is performed with preservation of PTFJ and
a short metaphyseal segment (type IV resection), knee
stability might be less disturbed.

In type II resection gastrocnemius flap is used for soft
tissue reconstruction. This procedure itself brings additional
mechanical problems. Kramers et al. noted that after a
gastrocnemius flap procedure the knee develops a compen-
satory mechanism during the swing phase of the gait, by

increasing peak knee flexion but knee motion remains
normal in the stance phase [7].

We propose that satisfactory clinical results can be
achieved by careful interpretation of MRI and appropriate
selection of four different resection techniques. Also, wide
surgical margins can be obtained in tumors with large
volume by resection of the deep peroneal nerve. Remov-
ing of PTFJ will require reconstruction of lateral stability
of the knee. However, in our series all knees were
clinically stable and no complaints were detected. The
preservation of proximal tibiofibular joint and its effect on
knee instability requires further study with more objective
and quantitative methods. This study provides a different
perspective to the orthopedic surgeon for the resection of
proximal fibular tumors by means of tumor volume
calculation and preservation of PTFJ.
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Table 1

Enneking scoring sytem for lower extermity

Number Age/Sex Surgical Diagnosis Resection type Resection Complication Follow- Enneking
margin length and PTFJ up period score
Case I 48/M Clear Recurrent GCT, Type 11T 14 cm Extraarticular Peroneal nerve palsy, 27 months Fair
volume 510 ml AFO, A tibialis
anterior grafting.
Case II 20/M Clear GCT Type 1 11 cm Intraarticular Peroneal nerve palsy, 117 months Poor
partially resolved after
6 months.
Case III 21/M Clear GCT Type IV 11 cm Intraarticular, Peroneal nerve palsy, 32 months Good
(PTFJ preserved) resolved after 6
months.
Case IV 20/M Clear Benign fibrous Type IV 13 c¢m Intraarticular, None 74 months Excellent
Histiocytoma (PTFJ preserved)
Case V 21/M Clear GCT, secondary Type 1 10 cm Intraarticular Peroneal nerve palsy, 18 months Fair
ABC SPTT.
Case VI 21/M Clear Osteosarcoma Type 11 9.5 cm Extraarticular,%50 Peroneal nerve palsy, 25 months Poor
(pathological fracture) necrosis lung metastasis, AFO. (Dead)
Case VII 22/M Clear GCT Type 1 10 cm Intraarticular None. 48 months Excellent
Case VIII 20M Clear Osteosarcoma Type 11 13.5 cm Extraarticular,% Peroneal nerve palsy, 34 months Poor
100 necrosis lung metatasis, AFO.
Case IX 20/M Clear GCT, volume 276 ml Type 111 13 cm Extraarticular Peroneal nerve palsy, 15 months Fair

SPTT.

PTFJ, Proximal tibiofibular joint; AFO, Ankle foot orthosis; SPTT, Split posterior tibial tendon transfer; ABC, Aneurismal bone cyst; GCT, Giant cell tumor.
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Table 2
Demographics and results of patients
Score Pain Function Emotional Supports Walking Gait
acceptance
5 None No restriction Enthused None Unlimited Normal
4 Intermadiate Intermadiate Intermadiate Intermadiate Intermadiate Intermadiate
3 Modest Restriction in recreational Satisfied Brace Limited Minor
activities Cosmetic
2 Intermadiate Intermadiate Intermadiate Intermadiate Intermadiate Intermadiate
1 Moderate Partial disability Accepts One cane or Household Minor
crutches Handicap
0 Severe Total disability Dislikes Two crutches Unable, Major
unaided handicap

and Tuna Ferit Hidayetoglu, Gazi University, Ankara,
TURKEY for the illustrations.
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