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Secondary Chondrosarcoma from an
Osteochondroma of the Proximal
Tibia Involving the Fibula
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There are few reports on the surgical treatment of secondary malignancy arising from an osteochondroma on the lateral side of the
proximal tibia. From March 2008 to December 2011, 3 patients were treated for a secondary chondrosarcoma from an osteochon-
droma of the proximal tibia involving the fibula. The operative procedure can be summed up as follows: (1) resection of the tumor
including the fibula; (2) preservation of the peroneal nerve and the fibular head; and (3) arthrodesis of the proximal tibiofibular
joint. Serial radiological studies showed successful fusion in the proximal tibiofibular joint in all patients. The Musculoskeletal
Tumor Society functional scores were excellent in all 3 patients. No patients showed instability of the ipsilateral knee joint in any
direction. All 3 patients could return to sports activities. Until the last follow-up, there was no evidence of disease recurrence. We
suggest that the operative procedure described in this article would provide satisfactory oncological and functional outcomes.
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Osteochondromas are the most common benign tumors
of the bones, representing 35% of benign bone tumors and
occurring in 3% of the general population.'” Patients usu-
ally present with an osteochondroma during the second
and third decades of life. Although osteochondromas can
occur in any bone, they are found most commonly around
the knee and the shoulder. Patients undergo surgical treat-
ment due to growth disturbance, nerve compression, joint
motion limitation, pain, tendon irritation, overlying bur-
sitis or malignant transformation. Osteochondromas in
the proximal tibia are frequently symptomatic because of
abundant tendinous structures and lack of the soft tissue.
Surgical resection of an osteochondroma of the medial
condyle of the proximal tibia is relatively easy. However,

Received September 21, 2016; Accepted November 29, 2016
Correspondence to: Hwan Seong Cho, MD

Department of Orthopedic Surgery, Seoul National University Bundang
Hospital, Seoul National University College of Medicine, 82 Gumi-ro
173beon-gil, Bundang-gu, Seongnam 13620, Korea

Tel: +82-31-787-7206, Fax: +82-31-787-4056

E-mail: mdchs111@snu.ac.kr

for the lateral side, the peroneal nerve and the fibula make
it difficult to extirpate the lesion.

Malignant transformation is the most serious
complication of an osteochondroma. Less than 1% of
osteochondromas undergo malignant transformation
into secondary chondrosarcoma.*® Even though surgi-
cal resection is the mainstay of therapy, few reports dealt
with surgical treatment of secondary malignancy of osteo-
chondromas arising from the lateral side of the proximal
tibia. In this report, we introduce a surgical procedure and
outcomes for secondary chondrosarcoma from an osteo-
chondroma of the proximal tibia involving the fibula.

TECHNIQUE

From March 2008 to December 2011, three patients with a
mean age of 27.7 years (range, 22 to 38 years) were treated
for secondary chondrosarcoma from an osteochondroma
of the proximal tibia involving the fibula at Seoul National
University Bundang Hospital. All 3 cases were solitary
lesions. Two of them experienced pain and swelling on
the lateral side of the knee. One patient presented with a
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6-month growing mass with a positive Tinel’s sign over
the fibular neck. All patients had been informed of the
existence of an osteochondroma at another clinic before
the index visit. Radiologic studies showed definite changes
in shape and size of the lesion compared with previous
examination. No patient complained of limited range of
motion of the knee joint.

A presumptive diagnosis was made based on the
radiologic studies. Our radiological criteria for malignant
transformation of an osteochondroma were as follows: (1)
a growing lesion on serial radiographs taken after skeletal
maturity; (2) a lesion with cartilage cap thickness greater
than 1-3 cm on magnetic resonance imaging (MRI) scans;
and (3) a lesion with scattered punctuated calcification. No
patient underwent biopsy before the definitive surgery.

Operative Procedure

In all 3 cases, surgery was performed in three major steps:
(1) isolation of the peroneal nerve; (2) en bloc resection
of the lesion including the fibula and lateral cortex of the
proximal tibia preserving the fibula head; and (3) arthrod-
esis of the proximal tibiofibular joint (Fig. 1).

A skin incision was made along the peroneal nerve
beginning posteriorly just proximal to the fibular head and
terminating 2-3 cm distal to the tumor. After identifica-
tion of the common peroneal nerve under the peroneus
longus, the tunnel of peroneus longus and extensor digi-
torum longus was unroofed. The tibialis anterior was de-
tached from Gerdy’s tubercle and the proximal tibia. After
isolation of the deep peroneal nerve and the anterior tibial

|

Fig. 1. Schematic drawings of the operative procedure. (A) Isolation
of the peroneal nerve. (B) Arthrodesis of the proximal tibiofibular joint
using a cannulated screw after en bloc resection of the tumor including
segmental resection of the fibula.

artery, the articular branch of the deep peroneal nerve and
the recurrent tibial artery were ligated. Posteriorly, the
peroneal origin of the soleus and the tibialis posterior was
detached.

Under fluoroscopic guidance, the proximal and
distal osteotomies preserving the fibular head were per-
formed. The lateral cortex of the proximal tibia from
which the tumor originated was resected en bloc. The
proximal tibiofibular arthrodesis was carried out by fixa-
tion with a cannulated screw after removal of articular
cartilage. Pathology of the resected specimen confirmed a
grade 1 secondary chondrosarcoma in all patients.

Postoperative Care

In the immediate postoperative period, active range-of-
motion exercise was begun after subsiding of operative
pain and full weighted-bearing in a knee brace was al-
lowed to prevent a varus injury. Patients were observed
in the clinic every 3 months for 2 years, every 6 months
for the next 2 years, and annually thereafter. MRI of the
primary tumor site was performed every 6 months for 2
years, and annually thereafter. At each clinic visit, a history
was taken and a chest imaging was performed. At postop-
erative 1 year, the cannulated screw for arthrodesis of the
proximal tibiofibular joint was removed after radiological
confirmation of fusion. No patient received adjuvant ra-
diotherapy or chemotherapy.

Functional Evaluation

Functional evaluation was performed with the use of the
functional classification system of the Musculoskeletal
Tumor Society (MSTS), which includes 6 parameters, such
as pain, function, emotional acceptance, use of walking
supports, walking ability, and gait. Each was scored from 0
to 5, with a maximum score of 30.” At each visit, physical
examination of knee joint stability and functional evalu-
ation of the peroneal nerve were performed. This study
was performed under the approval of Seoul National Uni-
versity Bundang Hospital Institutional Review Board (No.
B-1503/292-109).

Results of Three Cases
Brief characteristics and postoperative results of 3 cases are
listed in Table 1. Pathologic findings were consistent with
grade-1 chondrosarcoma with cartilage caps thicker than 1
cm in all 3 patients. The cartilage component had smaller
cells that lack matrix formation with increased cellularity
and invaded the bone component.

There was no immediate postoperative complica-
tion including wound infection, nerve palsy, and vascular
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Table 1. Brief Characteristics and Postoperative Results of Three Cases

Case Sex/age (yr) Thickness of cartilage cap (cm)  Time to fusion (mo) MSTS score  Follow-up (mo) Status
1 Male/23 1.1 10 30 72 CDF
2 Male/22 14 8 30 45 CDF
3 Male/38 16 10 29 3 CDF

MSTS: Musculoskeletal Tumor Society, CDF: continuously disease-free.

compromise. There was no evidence of disease recurrence
on the regional and chest images until the last follow-up.
Serial radiological studies showed successful fusion in the
proximal tibiofibular joint in all patients at a mean of 9.3
months after surgery (range, 8 to 10 months) (Fig. 2). The
Musculoskeletal Tumor Society functional scores were
excellent in all 3 patients. No patients showed instability
of the ipsilateral knee joint in any direction. There were
no neurological deficits of the peroneal nerve until the last
follow-up. All 3 patients could return to sports activities.

DISCUSSION

In this report, we described our surgical procedure and
its outcomes for secondary chondrosarcoma arising from
an osteochondroma of the lateral side of the proximal
tibia involving the proximal fibula. The procedure can be
summed up as resection of the tumor including the fibula,

Fig. 2. A 23-year-old man was diagnosed
with secondary chondrosarcoma in the
proximal tibia. (A) Plain radiographs taken
3 years before the surgery showing a
benign osteochondroma in the proximal
tibia. (B) Plain radiographs showing
destruction of the fibula. (C) T2-weighted
axial magnetic resonance imaging
showing a thick cartilage cap with high
signal intensity and bone scan showing
increased uptake. (D) Plain radiographs
taken in the immediate postoperative
period and after removal of the cannu-
lated screw. Yellow arrow: cartilage cap.

preservation of the peroneal nerve and the fibular head,
and arthrodesis of the proximal tibiofibular joint. Consid-
ering that malignant transformation of osteochondroma
reveals a low-grade chondrosarcoma in most patients, we
believe there is sufficient justification for preservation of
the functional structures in the procedure.

The exact incidence of malignant transformation
in osteochondroma is not known. Authors have reported
that the incidence is 0.4%-2% in patients with solitary
osteochondroma and 5%-25% in patients with hereditary
multiple exostoses.**” Fortunately, most chondrosarco-
mas arising in an osteochondroma have proved to be low-
grade. In a study by Ahmed et al,"” among 107 secondary
chondrosarcomas arising in osteochondrosarcoma, 97
tumors were grade 1, and 10 tumors were grade 2. In ad-
dition, no tumor was grade 3. With respect to location,
secondary chondrosarcoma tends to occur most com-
monly in the pelvis, trunk, and the proximal femur.”""
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Affection of the proximal tibia and its outcomes has been
rarely reported, although some large series study included
a few cases.” Surgical resection of a malignant bone lesion
of the medial condyle of the proximal tibia is considered
as relatively easy. However, a wide resection in the lateral
side of the proximal tibia may cause permanent functional
impairment, which is associated with sacrifice of the pero-
neal nerve and the proximal fibula.

With respect to the fibular resection, Malawer"’
described two detailed resection types in 1984. Type I or
marginal resection requires excision of the proximal fibula
with 2-3 cm of the diaphysis and muscle cuff in all direc-
tions with preservation of the common peroneal nerve.
Type II or wide extra-compartmental resection involves
resection of 6 cm of normal diaphysis, the anterior and
lateral muscle compartments, the peroneal nerve, the ante-
rior tibial artery and the tibiofibular joint extra-articularly.
Marginal or intralesional margin resection in malignant
bone tumor usually results in poor oncological outcomes.
However, some authors advocated intentional marginal re-
section around structures that are important for limb func-
tion. Kanazawa et al."” reported the outcomes of inten-
tional marginal excision of osteosarcoma of the proximal
fibular to preserve limb function. When a good response
to preoperative chemotherapy was expected based on ra-
diologic studies, they preserved the peroneal nerve and the
anterior tibial vessels in 3 patients with osteosarcoma in
the proximal fibula. With a minimum 5-year follow-up, all
3 patients had normal ankle and knee functions without
evidence of local recurrence. Considering that the major-
ity of secondary chondrosarcomas from osteochondromas
turn out low-grade neoplasms, preservation of functional
structures can be regarded as a reasonable approach.

Many authors have attempted modifications of the
original classification proposed by Malawer. Erler et al."

)

added two more resection types (type III and IV), both of
which were based on Malawer’s type I resection: type III
resection involves the sacrifice of the deep peroneal nerve
and type IV resection preserves the proximal tibiofibular
joint. Any systematic study has not evaluated the role of
arthrodesis of the proximal tibiofibular joint in knee sta-
bility and functional outcomes after resection of the proxi-
mal fibula. Most studies, in which type IV resection was
included, reported that the arthrodesis of the proximal
tibiofibular joint is not essential.” Einoder and Choong'”
also noted that wide resection of the fibular head for a tu-
mor might not require reconstruction, unlike treatment of
traumatic disruption of the lateral ligamentous structures
of the knee. They reported that function was satisfactory
in 6 consecutive cases where resection of the fibular head
was done without ligamentous reconstruction after 14
years of follow-up. However, 3 of 6 patients in their series
showed 1+ or 2+ lateral instability on physical examina-
tion. Meanwhile, there are some reports suggesting the
necessity of arthrodesis. Youdas et al.'” in their study on
donor site morbidity after vascularized fibula transfer, sug-
gested that inadequate fixation of the proximal segment
would cause superior migration of the fibula and excessive
coronal plane motion on the donor site compared with the
normal control. Krieg et al."” reported a case with osteo-
chondroma of the fibula for which they performed a mar-
ginal resection by reflecting the fibular head proximally
and an arthrodesis of the proximal tibiofibular joint. In the
current study, all 3 patients returned to sports activities.
Moreover, one of them (patient no. 2) is a member of an
amateur football team. In our opinion, the advantage of
arthrodesis of the proximal tibiofibular joint after type IV
fibular resection is that it provides lateral stability of the
knee joint. In the normal knee, varus stress is restrained
by the lateral ligament complex, and it is transferred to the

Fig. 3. Schematic drawings showing varus stress
transfer in the normal knee (A), after resection of the
proximal fibula (B), and after arthrodesis of the proximal
tibiofibular joint (C). Red arrow: strain, green arrow:
varus stress.
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fibular bony structure. Without an arthrodesis of the prox-
imal tibiofibular joint, varus stress after type IV resection
is transferred to the tibia via the tibiofibular joint. In this
situation, the varus stress is restrained by the joint capsule
of the joint rather than the lateral ligament complex. Ar-
throdesis of the proximal tibiofibular joint could return
the role of varus restraint to the lateral ligament complex
(Fig. 3).

We believe that the arthrodesis of the proximal
tibiofibular joint after type IV fibular resection is worthy
enough to compensate for the additional effort of arthrod-
esis and removal of the screw. We think that our recon-
struction method could be one of options for reconstruc-
tion after resection of the lateral part of the knee according
to patients’ age and their demands.

In conclusion, for the secondary chondrosarcomas
arising from an osteochondroma in the lateral side of the
proximal tibia involving the fibula, we performed removal
of the tumor including the proximal fibula while preserv-

ing the fibular head and the common peroneal nerve,
followed by arthrodesis of the proximal tibiofibular joint.
All of the three patients had no evidence of disease and
showed excellent functional outcomes until the last follow-
up. In spite of the limitation of the small number of pa-
tients and lack of a comparison group, we suggest that our
procedure introduced in this article could provide satisfac-
tory oncological and functional outcomes.
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