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Aims
Surgical limb sparing for knee-bearing paediatric bone sarcoma is considered to have a
clinically significant influence on postoperative function due to complications and leg-length
discrepancies. However, researchers have not fully evaluated the long-term postoperative
functional outcomes. Therefore, in this study, we aimed to elucidate the risk factors and
long-term functional prognosis associated with paediatric limb-sparing surgery.

Methods
We reviewed 40 patients aged under 14 years who underwent limb-sparing surgery for
knee bone sarcoma (15 cases in the proximal tibia and 25 in the distal femur) between
January 2000 and December 2013, and were followed up for a minimum of five years. A
total of 35 patients underwent reconstruction using artificial materials, and five underwent
biological reconstruction. We evaluated the patients’ postoperative complications, survival
rate of reconstruction material, and limb, limb function, and leg-length discrepancy at the
final follow-up, as well as the risk factors for each.

Results
Complications were observed in 55% (22/40) of patients. The limb survival and reconstruc-
tion material rates at five and ten years were 95% and 91%, and 88% and 66%, respectively.
Infection was the only risk factor in both survivals (p < 0.001, p = 0.019). In the 35 patients
with limb preservation, the median International Society of Limb Salvage (ISOLS) score at the
final follow-up was 80 (47% to 97%). Younger age (p = 0.027) and complications (p = 0.005)
were poor prognostic factors. A negative correlation was found between age and leg-length
discrepancy (R = −0.426; p = 0.011). The ISOLS scores were significantly lower in patients with
a leg-length discrepancy of more than 5 cm (p = 0.005).

Conclusion
Young age and complications were linked to an unfavourable functional prognosis. Leg-
length correction was insufficient, especially in very young children, resulting in decreased
function of the affected limb. Limb-sparing surgery for these children remains a considerable
challenge.
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Take home message
• In limb-sparing surgery for paediatric bone sarcomas

around the knee, the ten-year survival rates of the recon-
struction material and limb were 66% and 91%, respectively.

• Lower limb dysfunction was associated with younger age
and postoperative complications.

• Leg length correction was insufficient, especially in very
young children, resulting in decreased function of the
affected limb.

Introduction
The most common malignant bone sarcoma in children
is osteosarcoma, which accounts for 60% of cases and
most commonly affects the knee joint.1 Wide resection
and neoadjuvant chemotherapy is the standard treatment
for osteosarcoma. Currently, the five-year survival rate for
patients with osteosarcoma without metastases has improved
to approximately 70%.2 Furthermore, advances in diagnostic
imaging and surgical techniques have made it possible to
spare limbs in nearly 90% of cases. Therefore, it is crucial to
achieve good long-term limb function.3,4

Two types of reconstruction can be performed after
wide resection: biological and artificial material reconstruc-
tion. However, in children, both types of reconstruction
often result in long-term functional loss due to the subse-
quent leg-length discrepancy.3-5 Therefore, many cases require
multiple surgeries to correct these discrepancies, and the high
frequency of postoperative complications remains a signifi-
cant challenge.5,6

In this study, we analyze the risk factors affecting
postoperative limb function in limb-sparing surgery for
paediatric bone sarcomas and discuss what is needed to
improve postoperative limb function.

Methods
Study design
This multicentre, retrospective, observational research was
conducted by the Higashi-Nihon Orthopaedic and Paediat-
ric Sarcoma Group, Japan. The study was approved by the
Ethical Review Committee of each institution, information
about the conduct of the study was disclosed using an opt-out
procedure, and the opportunity to refuse participation was
guaranteed. Information obtained from medical records and
radiological images was retrospectively analyzed.

Inclusion criteria
The inclusion criteria were as follows: 1) patients with
malignant bone tumours around the knee; 2) children aged <
14 years at the time of initial diagnosis; 3) patients treated with
limb-sparing surgery at the authors’ four institutions between
January 2000 and December 2013; and 4) patients who were
followed up for at least five years after the initial limb-spar-
ing surgery. Patients with insufficient clinical information were
excluded.

Patients
This series included 19 males and 21 females. The median age
at initial surgery was 11 years (IQR 10 to 13), and the median
postoperative follow-up time was 135.2 months (IQR 95.2 to
166.1). The histological subtypes included 39 patients with
osteosarcoma and one patient with pleomorphic sarcoma. In

total, 25 tumours were located in the distal femur and 15 in
the proximal tibia. The median tumour size was 8.7 cm (IQR
7.1 to 11.0). According to the American Joint Committee on
Cancer staging (seventh classification),7 715 cases (38%) were
stage IIA, 24 (60%) were stage IIB, and one (2%) was stage IVB.

Treatment
All 40 patients underwent wide tumour resection (R0
resection). Biological reconstruction using autologous bone
was performed in five patients for whom joint preservation
was possible (frozen bone (n = 2), pasteurized bone (n
= 2), and irradiated bone (n = 1)), while endoprosthesis
was performed in 35 patients for whom joint preservation
was impossible. Expandable endoprostheses were used in
24 patients aged < 12 years old who were skeletally immature,
nine of whom underwent a two-stage reconstruction with
ceramic spacers because the medullary cavity was too small
to insert the expandable endoprosthesis at the time of initial
surgery (n = 2), and because the custom-made expandable
prostheses were not available in time for surgery (n = 7).
Modular prostheses were used in the remaining 11 patients,
who were older than 12 years old and relatively skeletally
mature. All patients underwent pre-/postoperative adjuvant
chemotherapy using methotrexate, doxorubicin, and cisplatin
with or without ifosfamide as per the following protocol:
JCOG0905 (n = 6);8 NECO95 (n = 4);8,9 ISG/OS1 (n = 2);10 other (n
= 28). None of the patients received adjuvant radiotherapy.

Follow-up
Routine medical follow-up, including physical examination,
radiographs, and chest or whole-body CT, was performed at
three-month intervals for two years, then every four to six
months for three years, and then annually.

Oncological results
At the final follow-up, the patients were categorized into
three groups based on their prognosis: those who remained
disease-free, those who displayed no signs of disease, and
those who continued to live with the disease.

Complications
Postoperative complications were classified according to the
Extended Clavien-Dindo classification of surgical complica-
tions,11 and the time of onset, the number of operations for
the complication, and risk factors were evaluated for those
with > grade IIIb complications requiring surgical interven-
tion. A complication was classified as late if it occurred more
than six months following the first surgery, and as early if
it occurred within six months of the initial procedure. The
available surgical procedures for addressing issues such as
debridement, amputation, arthrodesis, and one- or two-stage
revisions after prosthesis removal were also investigated.

Reconstruction and limb survival
The duration of the reconstructions and limb survival were
determined from the initial surgery to the occurrence of
revision, amputation, or the most recent follow-up. Success of
limb salvage was determined by whether the patient retained
their limb at the final follow-up, irrespective of any complica-
tions or revisions. Risk factors affecting reconstruction and
limb survival were also analyzed.
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Leg-length discrepancy
Healthcare providers measured the limb-length discrepancy
through a physical examination or radiograph during the
follow-up. A discrepancy of > 2 cm was considered for the
use of a shoe lift or endoprosthetic expansion, and > 4 cm for
distraction osteogenesis. At the last follow-up, we assessed the
difference in limb length and analyzed the factors influencing
the limb-length discrepancy.

Function
Limb function at the final follow-up was assessed using
scores established by the International Society of Limb
Salvage (ISOLS).12 We analyzed the factors that influenced limb
function.

Statistical analysis
We conducted statistical analyses using GraphPad Prism
8 software (GraphPad, USA). We used Fisher’s exact test
or logistic regression analysis to compare two groups of
categorical variables, the Mann-Whitney U test to examine
discrete variables, and the Spearman’s r test to analyze
continuous variables. Researchers employed the Kruskal-Wallis
test to analyze discrete variables when comparing three
or more groups, and used the chi-squared test to analyze
categorical variables. We used the Kaplan-Meier method to
calculate the survival time, and the log-rank test to compare
survival times. A p-value < 0.05 was considered statistically
significant.

Results
Characteristics of the patients
Table I summarizes the comparisons of patient characteris-
tics for each reconstruction. The age at the surgery was
significantly lower in the expandable prosthesis and ceramic
spacer groups than in the modular prosthesis and biological
reconstruction groups, with a median age of 11 years (7 to
13), 12 years (5 to 13), 14 years (12 to 15), and 14 years (7 to
14), respectively (p = 0.001, all chi-squared test). The tumour
size tended to be larger in the modular prosthesis and ceramic
spacer group than in the expandable prosthesis and biological
reconstruction group (p = 0.092), while the tumour location (p
= 0.210) and TNM classification (p = 0.276, all chi-squared test)
did not differ significantly between reconstructions.

The follow-up time of the ceramic spacer group was
significantly longer than that of the expandable prosthesis,
modular prosthesis, and biological reconstruction groups (p
= 0.022, Kruskal-Wallis test), while no cases showed local
recurrence. Eight patients showed distant metastasis, all of
whom had pulmonary metastases and remained disease-free
after resection. The oncological outcomes at the final follow-
up included continuous freedom from disease in 32 patients
and no evidence of disease in eight. The oncological outcomes
did not differ significantly between reconstructions (p = 0.124,
chi-squared test).

Complications
Table II shows the frequency, type, and number of surgeries for
complications among each reconstruction. We observed no
significant difference in the complication frequency between
reconstructions for both grade IIIB (p = 0.378) and IV (p =
0.858) cases. The median time of complication onset was

35.3 months (0.3 to 112.3, with early onset (four cases)
and late onset (18 cases). Complications included infection
in nine cases, implant fracture in six, wound dehiscence
in four, fracture in three, loosening and dislocation in two
each, and nonunion, malalignment, and contracture in one
each (including duplicate patients). The median number of
surgeries for each complication was 1.5 (IQR 1 to 2); infection
had the highest number of surgeries, with a median of 3
(IQR 2 to 6) (p = 0.082, chi-squared test). We assessed the
potential biases between groups regarding the presence (n
= 9) or absence (n = 31) of infection, but found no signifi-
cant bias related to the method of reconstruction (p = 0.342,
chi-squared test), sex (p = 0.457), age (p = 0.271), site (p
= 0.440), or maximum tumour diameter (p = 0.227). Figure
1 describes the details of surgical treatment for infections.
Surgical treatment ultimately cured the infection in eight of
the nine cases. The median number of surgeries required for
healing was 3 (IQR 2 to 6), and the median duration of surgery
from initial surgery was 54.0 months (IQR 12.7 to 55.1). Four
cases required reconstruction material removal, and four cases
required amputation. Moreover, 134.8 months after onset, the
remaining patient underwent two debridements, but remains
uncured and is still undergoing treatment.

Reconstruction survival
The survival rate of reconstructions was 88% at five years
and 66% at ten years (Figure 2a). Overall, 12 of 40 cases
(30%) underwent reconstruction material removal, and the
median time to removal from first surgery was 92.0 months
(IQR 28.5 to 96.8). The causes contributing to the removal
of reconstructions were all complications, including infection
in eight cases, implant fracture in two, and fracture and
loosening in one each. Univariate analysis was performed
for postoperative complications, infection, age, sex, height,
tumour size, and site as risk factors associated with the survival
of reconstruction material. Postoperative complications (p <
0.001) and infection (p < 0.001) were identified as risk factors.
The ten-year reconstruction survival rate was significantly
lower in cases with infection (22%) compared to those without
infection (79%) (p < 0.001) (Figure 2b).

Limb survival
After five years, the limb survival rate was 95%, decreasing
to 91% after ten years, and five of 40 cases (13%) received
femoral amputation during the follow-up (Figure 2c). The
median time to amputation from first surgery was 96.2 months
(13.7 to 218.5). All amputations were also due to complica-
tions. Of these, four were infections and one was a post-irra-
diation pseudoarthrosis. All infection cases were late onset.
We performed univariate analysis to identify postoperative
complications, infection, age, sex, height, tumour size, and
site as risk factors associated with limb survival. As a result,
only infection (p < 0.001) was identified as a risk factor. The
ten-year limb survival rate was significantly lower in cases with
infection (75%) compared to those without (95%) (p = 0.019)
(Figure 2d).

Function
The median ISOLS score at the final follow-up was 80%(47%
to 97%) in 35 cases with limb salvage, which was not signifi-
cantly different from the score of 70% (67% to 80%) in five
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cases with amputation (p = 0.310, Mann-Whitney U test).
According to the results of univariate analysis, age at surgery
(p = 0.135), reconstruction with artificial material (p = 0.134),
complications (p = 0.023), and infection (p = 0.031) were
candidate factors of low function, while multivariate analysis
revealed that age at surgery (p = 0.027) and complications
(p = 0.005) were independent risk factors (Table III). Infection
was excluded in this multivariate analysis due to multiplicity
issues. Among all six terms of the ISOLS score, the score

of ‘supporting tools’ was significantly lower in cases with
complications (n = 22; median 3 points) compared to those
without (n = 18; median 5 points) (p = 0.027) (Figure 3). The
correlation between age at surgery and the ISOLS score in
each term was examined, and the ‘gait’ score was identified
as being significantly lower at a younger age (R = 0.362; p =
0.033) (Supplementary Figure a).

Table I. Patient demographics and tumour data.

Variable Total (n = 40)              Reconstruction methods

Expandable prosthesis
(n = 15)

Spacer (n =
9)

Modular
prosthesis (n = 11)

Biological reconstruc‐
tion (n = 5)

p-
value

Patient data

Sex, n (%) 0.357*

Male 19 (48) 6 (40) 5 (56) 4 (36) 4 (80)

Female 21 (52) 9 (60) 4 (44) 7 (64) 1 (20)

Median age at operation, yrs
(IQR) 11 (10 to 13) 11 (9 to 11)

12 (10 to
12) 14 (13 to 14) 14 (10 to 14) 0.001†

Median height at operation, cm
(IQR)

147.3

(136.5 to 163.9)

141.8

(135.0 to 146.2)

140.0

(126.8 to
146.5)

163.2

(153.7 to 167.5) 170.0 (149.0.0 to 170.0) 0.005†

Tumour data

Site, n (%) 0.210*

Distal femur 25 (63) 11 (73) 3 (33) 8 (73) 3 (60)

Proximal tibia 15 (37) 4 (27) 6 (67) 3 (27) 2 (40)

Median maximum tumour
diameter, cm (IQR) 8.7 (7.1 to 11.0) 7.6 (6.4 to 9.3)

9.7 (8.1 to
10.8) 10.4 (8.6 to 13.5) 6.4 (5.2 to 8.6) 0.092†

TNM, n (%) 0.276*

Stage IIA 15 (38) 8 (53) 2 (22) 2 (18) 3 (60)

Stage IIB 24 (60) 7 (47) 7 (78) 8 (73) 2 (40)

Stage IVB 1 (2) 0 0 1 (9) 0

Oncological results

Median follow-up, mths (IQR)
135.2 (95.2 to
166.1) 108.0 (96.6 to 141.8)

183.5

(161.3 to
203.2) 113.6 ( 85.2 to 121.8) 121.6 (105.0 to 180.6) 0.022†

Local recurrence, n (%)

Yes 0 0 0 0 0

No 40 (100) 15 (100) 9 (100) 11 (100) 5 (100)

Distant metastases, n (%) 0.124*

Yes 8 (20) 2 (13) 0 4 (36) 2 (40)

No 32 (80) 13 (87) 9 (100) 7 (64) 3 (60)

Outcome at the final
follow-up, n (%) 0.124*

CDF 32 (80) 13 (87) 9 (100) 7 (64) 3 (60)

NED 8 (20) 2 (13) 0 4 (36) 2 (40)

*Chi-squared test.
†Kruskal-Wallis test.
CDF, continuous disease-free; NED, no evidence of disease.
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Leg-lengthening procedure
Lengthening procedures for an expandable prosthesis
were performed in 13 of 24 patients with an expanda-
ble endoprosthesis (including three spacers).  The median
patient age at the initial lengthening procedure was 13
years (IQR 11 to 14). The median number of surgeries was
3 (IQR 2 to 4) and median amount of extension per surgery
was 1.4 cm (IQR 1.4 to 1.6),  respectively. The complica-
tions of endoprosthesis expansion were shortening in three
patients and peroneal nerve palsy in one. Among five
patients, two underwent biological reconstruction, and two
out of nine spacers underwent distraction osteogenesis. The
median age at the initial lengthening procedure was 14
years (IQR 12 to 16). The median extension and duration
of the procedure were 5.1 cm (IQR 4.8 to 5.9) and 11
months (IQR 8 to 13), respectively. Complications relating
to distraction osteogenesis included infection at the pin

site in one patient, which occurred five months after the
procedure.

Leg-length discrepancy
The median leg-length discrepancy at the final follow-up in
these 17 patients was 2.0 cm (IQR 1.2 to 3.7), with 2.1 cm (IQR
1.2 to 2.5) in endoprosthesis expansion and 3.0 cm (IQR 2.0 to
5.0) in distraction osteogenesis, respectively. In contrast, the
remaining 18 patients with limb sparing who did not undergo
a leg-lengthening procedure had a median age of 13 years
(IQR 12 to 14) at the initial surgery and a median leg-length
discrepancy of 1.0 cm (IQR 0.5 to 2.4) at the final follow-up. The
leg-length discrepancy was larger in the ceramic spacer group
(median 3.0 cm (IQR 2.0 to 8.9)) than in the modular prosthe-
sis group (1.0 cm (IQR 0.5 to 1.4)) (p = 0.069). Additionally,
there was a strong negative correlation between leg-length
discrepancy and age at surgery (R = -0.426; p = 0.011) (Figure
4a).

Fig. 1
Details of surgery for infection, including the timing and surgical types of the nine infected cases. The surgical types for infection are indicated
as follows: ■, debridement; ■, removal of reconstruction material; ■, arthroplasty prosthesis;■, arthrodesis; ■ amputation. Each case shows the
reconstruction methods for limb-sparing surgery on the left vertical axis. The time period from the date of the limb-sparing surgery is shown on the
horizontal axis. A bar graph on the right vertical axis shows the number of surgeries for infection.
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Leg-length discrepancies of > 5 cm were observed
in the three cases. In Case 1, the patient underwent recon-
struction with a spacer at five years old, before undergoing
arthroplasty with an expandable prosthesis at 12 years old.
Complication surgery was performed at age 15 and 17 due
to stem fracture (Figure 4b) and stem sinking, respectively,
resulting in inadequate leg lengthening. At the last follow-up,
the patient was aged 19 years and had a leg-length differ-
ence of 10.5 cm (Supplementary Figure ba). In Case 2, the
patient underwent reconstruction with a spacer at age five
years, and femur lengthening with distraction osteogenesis
at aged ten years. The lengthening was interrupted at 5 cm
due to chronic osteomyelitis from a pin site infection. The
patient has no desire to revise to an expandable prosthesis

and is currently under observation. At the last follow-up,
the patient was aged 12 years and had a leg-length differ-
ence of 9.0 cm (Supplementary Figure bb). In Case 3, the
patient underwent reconstruction with a spacer at aged ten
years, and arthroplasty with an expandable prosthesis at aged
14 years. However, postoperative infection occurred due to
skin necrosis, and extension was not possible. At the last
follow-up, the patient was aged 26 years and had a leg-length
difference of 8.7 cm (Supplementary Figure bc). The ISOLS
scores of the three patients with leg-length discrepancies of >
5 cm were significantly lower (median 60%) than those of the
32 patients with leg-length discrepancies of < 5 cm (median
80%; p = 0.005, Mann-Whitney U test) (Figure 4c).

Table II. Complications and number of reoperations.

Variable
Total (n = 40)

        Reconstruction methods

Expandable prosthesis
(n = 15) Spacer (n = 9)

Modular prosthesis
(n = 11)

Biological reconstruction
(n = 5) p-value

Complication, n (%)

Yes 22 (55) 6 (40) 5 (56) 8 (73) 3 (60) 0.872*

Grade IIIB, n (%)

21 (53)

(45 surgeries)

6 (40)

(8 surgeries)

5 (56)

(18 surgeries)

8 (73)

(15 surgeries)

2 (40)

(4 surgeries) 0.378*

Grade IV, n (%)

4 (10)

(5 surgeries)

2 (13)

(3 surgeries)

1 (11)

(1 surgery)

1 (13)

(1 surgery) 0 0.858*

Unknown, n (%)

2 (5)

(7 surgeries) 0

1 (11)

(1 surgery) 0

1 (20)

(6 surgeries)

No, n (%) 18 (45) 9 (60) 4 (44) 3 (27) 2 (40)

Complication details, n
(%)

Infection 9 (23) 2 (13) 4 (44) 2 (18) 1 (20) 0.342*

Implant fracture 6 (15) 2 (13) 0 3 (27) 1 (20)

Wound dehiscence 4 (10) 1 (7) 1 (11) 2 (18) 0

Fracture 3 (8) 0 1 (11) 0 2 (40)

Loosening 2 (5) 1 (7) 0 1 (9) 0

Dislocation 2 (5) 0 0 1 (9) 1 (20)

Malalignment 1 (3) 1 (7) 0 0 0

Contracture 1 (3) 1 (7) 0 0 0

Nonunion 1 (3) 0 0 0 1 (20)

Number of reopera‐
tions, n (%)

1 10 (25) 4 (27) 1 (11) 5 (45) 0 (0.0) 0.339†

2 7 (18) 1 (7) 2 (22) 2 (18) 2 (40)

3 1 (3) 1 (7) 0 (0.0) 0 (0.0) 0 (0.0)

4 2 (5) 0 (0.0) 1 (11) 0 (0.0) 1 (20)

5 1 (3) 0 (0.0) 0 (0.0) 1 (9) 0 (0.0)

6 1 (3) 0 (0.0) 1 (11) 0 (0.0) 0 (0.0)

*Chi-squared test.
†Fisher’s exact test.
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Discussion
In recent years, limb-sparing surgery has become the mainstay
of surgery for sarcomas of the limbs; however, there is less
research on the extended functional results of limb-sparing
surgery for paediatric bone sarcoma, and the clinical issues are
not clearly outlined.3,4,6,12–17 In this study, we investigated the
postoperative complications, reconstruction and limb survival,
limb function, and leg-length disparity at the last follow-up
in 40 children who underwent limb-sparing surgery for bone
sarcoma around the knee and were followed up for longer
than five years. The results revealed that young age at surgery
and postoperative infection were the most significant factors
affecting reconstruction, limb survival, and postoperative limb
function, while young age at surgery was the most significant
factor in future leg-length discrepancies. We believe that these
results highlight important considerations when selecting
paediatric limb-sparing surgery.

The frequency of grade III or higher surgical complica-
tions of limb-sparing surgery for children or young adults with

bone sarcoma around the knee has been reported to be very
high, ranging from 42% to 90%.13,18 Futani et al16 reported
the surgical outcomes of 33 patients with sarcoma who were
alive at the time of analysis, with a mean age of ten years
and a mean follow-up of 12.3 years (5.9 to 20).6–11 Moreover,
22 cases were reconstructed with prostheses, and 11 were
biologically reconstructed. Deep infection (27%) was the most
common complication in the prosthesis reconstruction cases,
while implant failure (27%) and pseudoarthrosis (27%) were
the most common complications in the biological reconstruc-
tion cases, followed by deep infection (18%).16 The treatment
and cure rates for postoperative deep infection have been
reported as 5% for debridement, 50% for one-stage revision,
and 58% for two-stage revision.19,20 In this study, the frequency
of grade III or higher postoperative complications was 55%,
with infection being the most common in nine cases (41%),
similar to the findings of previous reports. None of the cases
were cured by debridement alone, instead requiring two-stage
revision in four cases and amputation in four cases.

Fig. 2
Kaplan-Meier analysis. a) Reconstruction material survival rate. b) Comparison of reconstruction material survival rates among patients with
postoperative infection. c) Limb salvage rate. d) Comparison of limb salvage rates among patients with postoperative infection.
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The five-year survival rates of reconstruction mate-
rial for limb-sparing surgery for paediatric bone sarcoma
around the knee have been reported to be 46% to 77%.15,16,21

In a systematic review, Groundland et al4 summarized the
outcomes of 442 paediatric patients (mean age 11 years (5
to 17)), with bone sarcomas around the knee, treated with
limb-sparing surgery. The reconstruction material survival
rates were higher for the distal femur than for the proximal
tibia, and were higher in the prostheses for both sites (distal
femur 70.8% for prostheses and 61.3% for biological recon-
struction; proximal tibia 66.6% for prostheses and 42.9% for
biological reconstruction). Postoperative infection was the
main reason for the failure of reconstruction material. In this
study, the five-year survival rate for reconstruction material
was 88%, which is better than the previously reported rate.
Moreover, the rate was 66% at ten years, which further
decreased with long-term follow-up. Postoperative complica-
tions, especially infection, were significant risk factors for the

survival of reconstructive materials, as found in a previous
report.4 Conversely, there were no significant differences in the
site of origin (distal femur vs proximal tibia) or the method
of reconstruction (prosthesis vs biological reconstruction),
probably due to the small number of included cases.

The amputation rate after limb-sparing surgery for
paediatric bone sarcomas around the knee ranged from 8% to
15%, with a higher rate reported for proximal tibiae (15.5%)
than for distal femora (8.5%).4,16,22-24 Furthermore, infection
(50.0% to 100%), local recurrence (33.3% to 50%), vessel
occlusion (25.0%), and nonunion (25.0%) were also cited as
factors in amputation. Only one complication was reported
as early onset, while all other 32 complications were late
onset.4,16,22-24 In this series, the amputation rate was 13%, with
late infection being the most common cause, similar to the
findings of previous reports. However, unlike previous reports,
there was no significant difference in the amputation rate
according to the tumour site.

Fig. 3
Bar graph displaying all six International Society of Limb Salvage (ISOLS) items and the total functional scores among postoperative complications.
The left vertical axis represents percentages, and the right vertical axis represents scores. The median ISOLS score for complicated cases (n = 22) is
indicated by black bars, and the median ISOLS score for uncomplicated cases (n = 18) is indicated by grey bars. *p < 0.05; **p < 0.01; ***p < 0.001.

Table III. Univariate and multivariate analyses of factors influencing International Society of Limb Salvage scores.

Variable Univariate analysis Multivariate analysis

Coefficient of regression 95% CI p-value Coefficient of regression 95% CI p-value

Age, yrs 1.21 -0.40 to 2.81 0.135 1.62 0.19 to 3.05 0.027

Tumour size, cm 0.31 -1.04 to 1.66 0.639

Artificial reconstruction 9.37 -3.02 to 21.76 0.134 9.62 -1.23 to 20.47 0.080

Proximal femur 3.65 -4.70 to 12.00 0.380

Complication 8.82 1.27 to 16.24 0.023 10.43 3.39 to 17.47 0.005

Simple and multiple linear regression analysis using GraphPad Prism 8.
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The ISOLS score after limb-sparing surgery for
paediatric bone sarcoma around the knee has been reported
to range from 75.9% to 85.0%,4,12–16,18,21,23,25 but few studies
have analyzed the risk factors influencing the ISOLS score.
Groundland et al4 reported that the ISOLS scores were lower
in distal femoral cases (prosthesis 79.1%; biological reconstruc-
tion 75.9%) than in proximal tibial cases (prosthesis 82.5%;
biological reconstruction 85.0%). In our study, young age and
postoperative complications were found to be risk factors for
lower ISOLS scores, while there were no significant differences
in tumour site or method of reconstruction.

A leg-length discrepancy of ≥ 2 cm is an indication
for leg-length correction surgery because it decreases the
function of the affected limb.3–5,13,16 Generally, two types of
leg-length correction after the surgery for paediatric bone
sarcoma of the lower limb are performed: extension of the

expandable prosthesis and leg-lengthening. In the review
by Groundland et al,4 the mean number of extensions and
amount of lengthening of an expandable prosthesis were
reported to be four times and 46.5 mm (4 to 195) for the distal
femur and 5.7 times (1 to 9) and 31.3 mm (20 to 65) for the
proximal tibia.1–20 Futani et al16 reported a total of 18 exten-
sions with a mean extension of 1.5 cm (SD 0.4) per extension
for the six patients who underwent extension of the expand-
able prosthesis, and a total of 16 operations with a mean
extension of 9.3 cm (SD 7.8) per extension for the 13 patients
who underwent distraction osteogenesis. In our series, the
amount of extension and number of surgeries for expandable
prostheses were similar to those reported previously, but the
amount of elongation for leg-lengthening was less than that
reported previously, perhaps due to the small number of cases
and the fact that all patients had only one surgery.

Fig. 4
a) Correlation between leg-length discrepancy and age at limb-sparing surgery. The leg-length discrepancy at the last follow-up is shown on
the vertical axis, and the age at surgery is shown on the horizontal axis. b) A five-year-old boy underwent limb-sparing surgery and a two-step
reconstruction from a spacer to an expandable prosthesis. Radiographs show a peri-stem fracture of the expandable prosthesis at age 15. c)
Comparison of International Society of Limb Salvage (ISOLS) scores between cases with leg-length discrepancies ≥ 5 cm (n = 3) and those without (n
= 32). The ISOLS score percentage is shown on the vertical axis. **p < 0.01.
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Futani et al16 reported that leg-length correction
improves the function of the affected limb as the leg-length
difference decreases. They also reported that 15 of 19 cases
(79%) who underwent leg-lengthening procedures had a
residual leg-length difference of ≥ 2 cm at the final follow-up.
Conversely, in a review paper limited to the prosthesis group,
only 13% of cases had a leg-length difference of ≥ 2 cm at the
final follow-up.4 In our series, the leg-length discrepancy at the
last follow-up was also less in the prosthesis extension cases
than in the leg-lengthening procedure cases. These results
suggest that expandable prosthesis cases have a smaller final
leg-length difference than biological reconstruction cases.

Limb-sparing surgery for very young children under
five years of age has only been rarely reported. Kager et al26

summarized the clinical course of 15 cases of osteosarcoma
around the knee (ten distal femur and five proximal tibia)
at age ≤ five years and reported that limb-sparing surgery
was performed in only two cases (13%), while the remain-
ing 13 cases (87%) underwent amputation or rotationplasty.
In this series, two five-year-old patients with osteosarcoma
underwent two-staged reconstructions from a spacer to an
expandable prosthesis, with leg-length discrepancies of 9.0
cm and 10.5 cm, respectively, at the final follow-up, and an
ISOLS score of 60% in both cases, representing poor function.
Currently, limb-sparing surgery for very young children is
challenging in terms of long-term limb function.

This study has two major limitations. First, there is
insufficient comparison of functional prognosis with recon-
structive methods due to the small number of cases. Second,
the leg-length difference may have been underestimated
because two patients were aged ≤ 14 years at the last
follow-up.

In conclusion, we summarize the long-term results
of 40 patients who underwent limb-sparing surgery for
paediatric bone sarcomas around the knee. The reconstruction
material and limb had ten-year survival rates of 66% and 91%,
respectively, and infection was a risk factor for both survival
rates. Age and postoperative complications were the primary
causes of the low function of the affected limbs.

Supplementary material
Figure showing the correlation of each International Society of Limb
Salvage score item with age at operation, and a full-length lower
limb radiograph in three cases with leg length discrepancy of more
than 5 cm at last follow-up.
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