Intermittent Internal Fixation With a Locking Plate to
Preserve Epiphyseal Growth Function During Limb-Salvage
Surgery in a Child With Osteosarcoma of the Distal Femur
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Abstract: Limb shortening is a problem associated with surgery for
osteosarcoma of the lower extremity in adolescents, as the tumors
frequently occur near the epiphysis. Herein we report the use of a less
invasive stabilization system (LISS) and an intermittent fixation method
to preserve the growth function of epiphysis in an 11-year-old patient
with an osteosarcoma of the distal femur.

The 11-year-old male presented with left knee enlargement and pain
for 2 weeks, and magnetic resonance imaging (MRI) and biopsy were
consistent with osteosarcoma of the left distal femur. After preoperative
chemotherapy, en bloc tumor resection was performed with margins
based on MRI findings preserving the epiphyseal growth plate, the
tumor cavity was filled with inactivated bone and bone cement, and a
LISS was used to stabilize the femur. Aggressive postoperative che-
motherapy was given. Approximately 105 weeks after surgery radi-
ography showed that the distal end of the plate had moved superior to the
epiphysis along with bone growth. Locking screws were placed in the
distal part of the LISS plate to stabilize the re-implanted bone, and
external fixation was not needed.

The patient was able to walk with the crutches 1 week postopera-
tively, and bear weight on the extremity 6 weeks postoperatively. At
6 years after surgery, the patient’s height had increased 52 cm, short-
ening of the affected limb was only 1 cm, and the circumference of the
affected limb was 2 cm smaller than that of the contralateral limb. There
was no significant discomfort in the affected limb, and there was no gait
abnormality. The patient could jump and run, and could participate in
sports including basketball and badminton to the same degree as
his peers.

In summary, the novel method of bone reconstruction and fixation
provided good results in a child with an osteosarcoma of the distal
femur. This fixation method preserves the osteogenic function of the
epiphysis and restored bone integrity simultaneously, and provides good
functional recovery.
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INTRODUCTION

O steosarcoma is most commonly seen in adolescents, and
typically occurs during the first 2 decades of life." Though
rare, osteosarcoma is the most common primary bone malig-
nancy and accounts for approximately 3.4% of childhood
cancers.' Tumors often occur in the metaphysis of the distal
femur or proximal tibia, and tumor destruction or tumor resec-
tion usually damages the epiphysis, which affects bone
growth.>~* Thus, limb shortening is a significant problem in
the management of osteosarcomas in adolescents. While in the
past the primary treatment was amputation, currently 80% to
90% of cases can be treated with limb-salvage procedures.”
Limb-salvage surgery, however, has to be individualized and
takes into account the tumor stage and location, as well as the
presence of metastasis and suitability for chemotherapy.

At present, the primary limb-salvage procedures for
patients with malignant bone tumors include artificial prosthesis
replacement, allograft implantation, and replantation of the
tumor-containing bone after inactivation, all of which have
their own unique benefits and drawbacks.”™* The less invasive
stabilization system (LISS) is an internal fixation system for the
distal femur that provides multiple, fixed-angle, proximal and
distal locking screws, and is widely used for fixation of distal
femoral and proximal tibial fractures.”~” However, its use in the
management of limb-salvage for osteosarcomas of the knee has
not been reported.

The purpose of this report is to present the use of an
intermittent fixation method using the LISS for preserving
the growth function of epiphysis in an 11-year-old male with
an osteosarcoma of the distal femur, and briefly review the topic
of epiphyseal preservation in cases of bone tumors.

CASE REPORT

Because the case report involved a retrospective analysis
of only one patient, the approval of an institutional review board
is not required. But this report was prepared in accordance with
the Health Insurance Portability and Accountability Act
(HIPAA) regulations. The patient’s parents/legal guardians
provided informed consent for the case data to be published.
An 1l-year-old male was seen on June 6, 2007 with the
complaint of progressive enlargement of the left knee with
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FIGURE 1. (A) Radiography, (B) bone scan, and (C, D) magnetic
resonance imaging (MRI) were consistent with an osteosarcoma of
the left distal femur.

pain for 2 weeks. Radiography, bone scan, and magnetic
resonance imaging (MRI) were consisted with an osteosarcoma
of the left distal femur (Figure 1). Biopsy of the lesion con-
firmed a diagnosis of osteosarcoma.

Six courses of neoadjuvant chemotherapy were planned;
however, his parents rejected this because the patient was the
only child in the family and they were very concerned about side
effects and wanted surgery performed as soon as possible. For
these reasons, the chemotherapy plan was changed to 2 courses
of methotrexate (MTX) 8.0 g + vincristine (VCR) 2 mg (given
concomitantly), 1 course of cisplatin 100 mg, and 1 course of
adriamycin 60mg. The response to the first course of
MTX+VCR (given on June 11) was remarkable in that the
size of the tumor shrank significantly, and his pain was also
markedly relieved, so only 1 additional course of MTX+VCR
was given on June 19.

En bloc tumor resection was performed on July 3, 2007
with margins of 3 cm and 2.5 cm from the proximal and distal
edge, respectively, of the tumor based on preoperative MRI
findings. The resection margin was 3—5mm superior to the
epiphyseal plate in the femoral condyle. After resection, the
surgical field was soaked with a nitrogen mustard solution for 5
minutes. The tumor-containing bone was soaked in 95% alcohol
for 45 minutes after removing all macroscopic areas of tumor,
and then soaked in 100°C water for 10 minutes. To maximize
function of the affected limb, a space was reserved in the distal
part of the replanted bone after the tumor was removed and
cancellous bone particles were placed in it to facilitate rapid
bone ingrowth and maintain the stability of the stump. Approxi-
mately 2 cm of space was reserved in the medullary cavity for
placing cancellous bone particles when filling the proximal part
of the tumor shell with bone cement. The cut end was enveloped
with the reserved sleeve-shaped periosteum. /n sifu replantation
of the inactivated bone was carried out after reinforcement with
bone cement and a Kirschner wire. An AO LISS plate was used
for fixation. Locking screws were fixed on the epiphysis across
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FIGURE 2. Postoperative radiograph of the femur with internal
fixation.

the epiphyseal plate in the distal end, and the proximal end of
the plate was fixed on the femoral diaphysis (Figure 2).
Aggressive chemotherapy was performed postoperatively
(Table 1). At 14 weeks after surgery, callus formation was
observed at the end of the osteotomy, and the fixation screws

TABLE 1. Postoperative Chemotherapy Schedule

Week Postoperatively =~ Chemotherapy

1 Cisplatin 80 mg iv infusion over 48 h
5 Methotrexate 8.0 g iv infusion 4—6h
6 Methotrexate 8.0 ¢g

8 Epirubicin 60 mg iv infusion

11 Methotrexate 8.0 g

12 Methotrexate 8.0 g

15 Cisplatin 100 mg iv infusion over 48 h
18 Methotrexate 8.0 g

21 Epirubicin 60 mg

24 Methotrexate 8.0 g

25 Methotrexate 8.0 g

47 Methotrexate 8.0 g

58 Methotrexate 8.0 g

80 Cisplatin 100 mg iv infusion over 48 h
106 Epirubicin 100 mg
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FIGURE 3. At 14 weeks after surgery, callus formation was
observed at the end of the osteotomy, and the fixation screws
were removed from the epiphysis.

were removed from the epiphysis (Figure 3). On July 9,
2009 (approximately 105 weeks after surgery) radiography
showed that the distal end of the plate had moved superior
to the epiphysis along with bone growth. Locking screws were
placed in the distal part of the LISS plate to stabilize the re-
implanted bone (Figure 4), and external fixation was not
needed. The patient was able to walk with the crutches 1 week
postoperatively, and bear weight on the extremity 6 weeks
postoperatively.

Comprehensive examinations performed in 2011, 2012,
and on March 12, 2013 showed no tumor recurrence. The

examination in March of 2013 showed that the patient’s height
had increased 52 cm during 6 years, shortening of the affected
limb was only 1 cm, and the circumference of the affected limb
was 2 cm smaller than that of the contralateral limb. There was
no significant discomfort in the affected limb, and there was no
gait abnormality. The patient could jump and run, and could
participate in sports including basketball and badminton to the
same degree as his peers.

DISCUSSION

We have reported a good outcome in an 11-year-old male
with an osteosarcoma of the distal femur managed with replan-
tation of inactivated bone after removal of the tumor, and
stabilization of the reconstructed femur with an LISS. At 6 years
of follow-up there was no evidence of recurrence, the affected
limb was only 1 cm shorter than the contralateral limb, and the
patient can walk and engage in sports without difficulty.

The main limb-salvage procedures for the patients with
malignant bone tumors are artificial prosthesis replacement,
allograft implantation, and replantation of the tumor-containing
bone after inactivation, and each procedure has its own unique
advantages and disadvantages.® !> For example, prosthesis
reconstruction offers more rapid functional recovery, but is
associated with a relatively high long-term failure rate, whereas
allografts and autograft replantation are associated with slower
functional recovery and early complications, but low long-term
failure rates. Expandable prostheses have also shown encoura-
ging results,'*"'® and the use of physeal distraction prior to
tumor resection to preserve the epiphysis has been reported.'’
Regardless of the reconstruction method, if the epiphysis is
sacrificed in growing children a length discrepancy will result.
However, epiphyseal preservation is not appropriate if the
tumor has invaded or is close to the epiphyseal growth plate
as complete resection of the tumor is the foundation of surgical
treatment. In our case, the possibility of epiphyseal preservation
was based on the extent of the tumor determined by preopera-
tive MRI, and the tumor was resected 3—5 mm superior to the
epiphyseal plate to preserve the osteogenic function of the
epiphysis.!

In our review of the literature, we found 5 retrospective
studies that examined epiphysis preservation surgery in children
with lower limb osteosarcoma.'® ** Autograft bone was used

FIGURE 4. (A) Approximately 105 weeks after surgery radiography showed that the distal end of the plate had moved superior to the
epiphysis along with bone growth. (B) Locking screws were placed in the distal part of the LISS plate to stabilize the re-implanted bone.
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for reconstruction in 13 cases, and allograft bone in the other
cases. Methods of fixation included intramedullary nails, intra-
medullary rods, plates and screws, and the Ilizarov frame. There
were 5 deaths of the 58 patients, and in the surviving patients
outcomes were generally good with the greatest limb length
discrepancy being 3 cm. Cafiadell et al.>* treated 20 patients
with epiphyseal preservation, and reported metastasis and
mortality rates of 15%. However, the report was from 1994
and imaging and surgical techniques at that time were not as
mature as they are currently and malignant tissue may have been
left behind. Yu et al.?' and Kiss et al.'” both reported a post-
operative fracture rate of 60% with epiphyseal preservation and
bone reconstruction; Yu et al. used autograft and intramedullary
nails and screws for fixation and Kiss et al. used allograft and
Ilizarov frame fixations.

The biomechanical strength of inactivated bone is less than
that of the normal bone.?* Alhough filling the medullary cavity
with bone cement can immediately provide stability and strength
to the inactivated bone, the bone cement will never degrade and
be replaced by new bone. Though evidence of reactivation was
observed in the inactivated bone during the later follow-up visits
of our patient, thickening of the cortical bone was not obvious.

In this case, the preoperative chemotherapy plan was
revised because the patient’s response to the first course of
MTX+VCR was so remarkable, and because of the parents’
wishes. Such a good response to MTX+VCR was quite rare
among our osteosarcoma patients. It should also be noted that
adjuvant chemotherapy agents are typically based on the per-
centage of tumor necrosis determined pathologically. However,
at the time when this case occurred (7 years ago) our hospital did
not have the equipment and expertise to perform an evaluation
of percentage of tumor necrosis. For this reason, our evaluation
of the tumor response to chemotherapy was based on a com-
bination of patient symptoms, the change in tumor size and
diameter (measured by palpation), observed edematous changes
around the tumor during surgery, and MRI findings before and
after preoperative chemotherapy. Given these limitation, we
were fortunate to have a successful outcome in this case.

In summary, we reported a novel method of bone recon-
struction and fixation that provided good results in a child with
an osteosarcoma of the distal femur. This fixation method
preserved the osteogenic function of the epiphysis and restored
bone integrity simultaneously, and provides good functional
recovery.
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