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Abstract
Background  Deep soft tissue sarcomas are frequently in contact with bone. The therapeutic decision of a composite resec-
tion strategy may be challenging, which is usually based on clinical and radiological criteria. The aims of the study were to 
evaluate the overall frequency of bone and periosteal infiltration in these patients in whom composite resection was indicated, 
and evaluate the role of magnetic resonance imaging and bone scintigraphy in this scenario.
Methods  Forty-nine patients with a composite surgical resection (soft tissue sarcoma and bone), treated at a single institution 
between 2006 and 2018, were retrospectively included. Presurgical planning of the resection limits was based on clinical 
and imaging findings (magnetic resonance imaging and bone scintigraphy). Magnetic resonance imaging was performed 
in all patients (100%) and bone scintigraphy in 41 (83.7% of the cases). According to magnetic resonance imaging results, 
patients were divided into two groups: Group A, in which the tumor is adjacent to the bone without evidence of infiltration 
(n = 24, 48,9%), and Group B, patients with evidence of bone involvement by magnetic resonance imaging (n = 25, 51,1%). 
BS showed a pathological deposit in 28 patients (68.3%). Histological analysis of the resection specimen was preceded to 
identify bone and periosteal infiltration. For the analysis of the diagnostic validity of imaging tests, histological diagnosis 
was considered as the gold standard in the evaluation of STS bone infiltration.
Results  Histological bone infiltration was identified in 49% of patients and isolated periosteal infiltration in 14.3%. In terms 
of diagnostic accuracy, magnetic resonance imaging and bone scintigraphy sensitivity values were 92% and 90%, and their 
specificity values were 91.7% and 52.4%, respectively.
Conclusions  The incidence of bone and periosteal infiltration of soft tissue sarcomas in contact with bone is high. Presurgical 
bone assessment by MRI has proven to be a sensitive and specific tool in the diagnosis of bone infiltration. Due to its high 
negative predictive value, BS is a useful test to rule out it. In those cases, in which there is suspicion of bone infiltration not 
confirmed by MRI, new diagnostic protocols should be established in order to avoid inappropriate resections.
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INTRODUCTION

Surgical removal with wide margin is widely recognized 
as the main treatment of soft tissue sarcomas (STS) [1], 
either by limb-sparing surgery or by amputation. Cur-
rently, there is not a well-stablished consensus about its 
optimal width [2, 3], which depends on variables related 
to the anatomical location of the tumor, the type and his-
tological grade, as well as the use of adjuvant radiotherapy 
[1, 4].

The preoperative planning for a limb salvage procedure 
should include a careful evaluation of the local extension 
of the tumor, including the surrounding bone structures. 
The current knowledge about STS and bone involvement 
is scarce, making the diagnostic and therapeutic manage-
ment more challenging.

In clinical practice, magnetic resonance imaging (MRI) 
and bone scintigraphy (BS) serve as a guide in decision-
making for resection through the periosteum or bone. 
There is scarce literature about the validity of these imag-
ing tests in the assessment of bone infiltration. The impor-
tance of this presurgical evaluation lies in two main points: 
recent studies have suggested a worse prognosis in those 
patients with bone infiltration [5–7], and wide surgical 
resections are associated with a higher rate of postsurgical 
complications and worse limb function [5].

Previous studies focused on the frequency of bone 
infiltration in soft tissue sarcomas were based on series in 
which all STS were included, regardless of their anatomi-
cal relationship with the bone [5, 7, 8]. Nonetheless, the 
frequency of bone infiltration of STS that were in contact 
with bone has not been studied.

Therefore, the aims of our study were: 1) to know the 
frequency of bone infiltration in patients with bone resec-
tion by anatomical proximity with a STS and 2) to assess 
the diagnostic validity of MRI and BS to detect bone infil-
tration by STS.

Patients and methods

Study design and patient population

After the local ethical committee’s approval, we performed 
a study which included 60 patients with STS and com-
posite resection of bone and soft tissue. All these patients 
were treated at our tertiary referral musculoskeletal oncol-
ogy center from January 2006 and December 2018. This is 
a retrospective observational study based on collected data 
from medical records, surgical protocols, imaging studies, 
and histological reports.

As regards inclusion and exclusion criteria, our series 
included patients over 16 years old with STS that were in 
contact with bone in appendicular skeleton treated with 
composite resection of bone and soft tissue, due to clini-
cal and radiological suspicion of bone involvement. All 
patients were evaluated in a multidisciplinary sarcoma 
committee in order to decide the most appropriate onco-
logical strategy.

Patients with local recurrence of a previous resection in 
which there was no suspicion of bone involvement at the 
time of the first surgery were excluded.

From these 60 patients, 11 were excluded (7 local recur-
rences, 2 cases of amputation with no suspicion of bone 
infiltration, and 2 patients without MRI studies). Thus, 49 
patients with a median age at diagnosis of 49.9 (34.3–56.6) 
years were finally included.

Demographic variables (sex and age at diagnosis) and 
clinical variables were collected and analyzed. Clini-
cal variables were divided into two groups: 1) related to 
clinical presentation (type and histological grade, location, 
size, AJCC [American Joint Committee on Cancer] stage 
[9], presence or absence of metastasis at diagnosis) and 
2) Related to diagnostic and therapeutic approach (imag-
ing tests, type of surgical technique as well as neoadjuvant 
chemotherapy, radiotherapy in monotherapy or in combina-
tion. Baseline clinical characteristics are shown in Table 1.

Preoperative assessment

For the presurgical planning of the resection limits, MRI and 
BS findings were evaluated, together with the clinical sus-
picion based on physical examination. MRI was performed 
in all patients (100%) and BS was studied in 41 (83.7%) of 
the cases. In all cases, MRI and BS studies were assessed 
by expert musculoskeletal radiologists and nuclear medi-
cine specialists, following the protocols of their own depart-
ments, respectively. Furthermore, the studies must be those 
closest to the surgery date, and after neoadjuvant treatment 
if performed.

Radiological criteria in MRI: MRI imaging was 
performed with a 1.5-T imager, in all studies T1 and 
T2-weighted sequences were evaluated, as well as after the 
gadolinium administration, with or without fat suppres-
sion sequences. Bone contact was defined as the absence 
of normal tissue between the tumor and bone without 
cortical involvement or marrow infiltration, with or with-
out the presence of bone edema, and bone infiltration by 
the tumor is defined as the loss of a normal soft tissue 
interface between the tumor mass and the bone cortex on 
T1-weighted images. The T2-weighted images were evalu-
ated for peritumoral edema and reactive changes extending 
to the cortical surface to the cortical surface. Two groups 
of patients were classified according to bone involvement: 
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patients with doubtful or probable infiltration on MRI, in 
which the tumor is adjacent to the bone without infiltration 
(Group A); and patients with evidence of bone involve-
ment on MRI, where cortical infiltration was observed 
with or without marrow involvement (Group B). After 
MRI evaluation, Group A and Group B were formed by 
24 (48.9%) and 25 (51.1%) of the patients, respectively.

Evaluation criteria in bone scintigraphy: BS was per-
formed according to our hospital protocol using Tc99m-
HMDP or Tc99m-MIBI as radiotracers. All the significant 
increases of bone metabolic activity located close to a STS 
were recorded. BS studies showed an increased radiotracer 
uptake in 28 patients (68.3%), and no pathological bone 
activity in the remaining 13 cases (31.7%).

Physical examination: physical examination was used 
to determine if the STS moved without restraint over the 
periosteal surface of the bone, or if the tumor appeared 
firmed to the bone. This evaluation was reproduced in the 
operating room after the fascia was opened around the 
tumor.

Surgical management

According to the MRI findings, composite resection of bone 
and soft tissue was indicated in Group B patients. However, 
in Group A, the decision was made according to the results 
of the BS and physical examination. If the sarcoma was fixed 
to bone, even after fascia had been opened, or the BS scan 
showed a pathological increase in bone metabolic activity, 
the composite resection was also indicated. When it was 
possible to ensure suitable surgical margins and the limb’s 
function was not compromised, limb salvage surgery was 
preferred over amputation. Our diagnostic and therapeutic 
algorithm is shown in Fig. 1.

Histological study

Surgical margins were assessed for macro- and microscopi-
cally infiltration and classified in wide margin, marginal, or 
intralesional by the same pathologists. Bone infiltration was 
defined as evidence of tumor cells invading bone cortex with 

Table 1   Baseline Clinical 
Characteristics

a  high and low grade included

Variables n (49) %

Sex Male 21 42.9
Female 28 51.7

Side Right 25 51
Left 24 49

Localization Superior limb 15 30.6
Inferior limb 34 69.4

Histological grade G1 9 18.4
G2 17 34.7
G3 23 46.9

Stage AJCC IA 1 2
IB 6 12.2
IIA 5 10.2
IIB 5 10.2
III 28 57.1
IV 4 8.2

Histopathological diagnoses Synovial sarcoma 10 20.4
Extraskeletal chondrosarcoma 6 12.2
Undifferentiated Pleomorphic sarcoma 5 10.2
Liposarcomaa 5 10.2
Extraskeletal Ewing Sarcoma 4 8.2
Malignant peripheral nerve sheath tumors 4 8.2
Leiomyosarcoma 4 8.2
Fibrosarcoma 2 4.1
Myxofibrosarcoma 2 4.1
Undifferentiated spindle cell sarcoma 2 4.1
Desmoplastic small round cell tumor 1 2
Myxoinflammatory fibroblastic sarcoma 1 2
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or without penetration into the marrow canal. Periosteal infil-
tration was defined as evidence of tumor cells invading the 
periosteum without affecting underlying bone tissues. Selected 
tissue was fixed in 10% buffered formalin, processed and 
embedded in paraffin wax by conventional techniques. Micro-
scopic evaluation was made on 4-m thick sections stained by 
hematoxylin and eosin. Immunohistochemical tests were used 
for histological characterization.

Statistical analysis

Categorical variables were represented as frequency and per-
centage, and continuous variables, including age, as median 
value and interquartile range (IR). Categorical variables were 
compared by χ2 test or Fisher’s exact test. All tests were two-
sided and differences were considered statistically significant 
at P values < 0.05. Statistical analysis was performed with 
SPSS (IBM SPSS Statistics® version 25).

Sensitivity, specificity, predictive values, false positive 
and false negative rates, as well as diagnostic efficiency were 
calculated for the assessment of the diagnostic accuracy of 
the imaging tests by the application of two-by-two tables. For 
these analyses, histological diagnosis was considered as the 
gold standard in the evaluation of STS bone infiltration.

Results

Therapeutic management

Limb salvage surgery was indicated in 32 (65.3%) patients, 
and amputation was restricted to the remaining 17 cases 
(34.7%). The type of reconstruction (endoprosthesis, bio-
logical reconstruction with allografts, or no reconstruc-
tion) was individualized according to the patient’s char-
acteristics. Surgical reconstruction was carried out in 21 
(42.9%) patients, mostly by tumoral prosthesis (80.1%), 
in comparison with the use of allografts (19.9%). The 
remaining 28 (57.1%) patients were not reconstructed 
because they were small bone resections or amputations. 
Prophylactic nailing was not performed in any case. Post-
surgical complications were present in 19 (38.8%) patients, 
being those related to the surgical wound (dehiscence and/
or skin necrosis), the most frequent ones, requiring surgi-
cal treatment in 8 of 19 cases. No patient’s patient suffered 
allograft fracture or prosthetic explant during follow-up 
time.

In forty patients (81.6%), the oncological margin was 
wide (R0). The remaining nine cases showed a microscopi-
cally positive margin (R1). There were no patients with 

Fig. 1   Diagnostic and therapeu-
tic algorithm. MRI: resonance 
magnetic imaging; PE: physical 
examination; BS: bone scintig-
raphy; STS: soft tissue sarcomas
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macroscopically positive margin (R2). Those patients with 
a R1 margin were treated early by enlargement margin 
surgery, followed by radiotherapy in two of them. In the 
other cases, different postoperative adjuvant regimens with 
radiotherapy, chemotherapy, or a combination of both, 
were prescribed. A total of 27 (55.1%) patients received 
adjuvant treatment. The adjuvant use of radiotherapy was 
restricted to patients with conservative limb surgery (7 out 
of 32, 21.9%). Fourteen patients (28.6%) received chemo-
therapy and 6 patients (12.2%), both treatments. Eleven 
out of 19 patients (57.9%) who presented complications, 
received any type of adjuvant therapy: 6 patients received 
chemotherapy, 1 patient received radiotherapy, and 4 
patients, both of them.

Overall incidence of bone infiltration in soft tissue 
sarcomas

Of the 49 patients included in the study, histological bone 
infiltration was confirmed in 24 of the 49 patients, repre-
senting an incidence of bone infiltration in 49% of cases. 
The pathology reports also described periosteal involvement 
without bone involvement in 7 of 49 patients (14.3%). There-
fore, there was bone infiltration or periosteal involvement in 
63.3% of cases.

However, there were no significant differences according 
to type and histological grade, location, size, AJCC, type 
of surgical technique, neoadjuvant or adjuvants treatments 
(chemotherapy, radiotherapy in monotherapy or in combi-
nation); surgical margins, local recurrence, development of 
metastases or death. A comparison between patients with 
and without bone infiltration is shown in Table 2. 

Diagnostic accuracy of MRI and BS in the detection 
of bone infiltration

As summarized in Table 2, BS has shown a sensitivity of 
90% with a specificity of 52.4% in detecting bone infil-
tration, what implies a high false positive rate (47.6%). 
Regarding predictive values, the negative predictive value 
was higher than the positive (84.6% vs. 64.3%), and the effi-
ciency of BS was 70.7%.

Concerning MRI, it showed a sensitivity of 92% and 
a specificity of 91.7%. Considering a doubtful result as 

Table 2   Diagnostic validity of magnetic resonance imaging and bone 
scintigraphy

Magnetic resonance imaging and bone scintigraphy findings were 
compared with the reference standard of histological findings of bone 
involvement. Data in parentheses are numbers used in the calculation 
of each statistic

Bone Scintigraphy Magnetic Resonance

Sensitivity 90% (18/20) 92% (23/25)
Specificity 52.4% (11/21) 91.7% (22/24)
False positive rate 47.6% (10/21) 8.3% (2/24)
False negative rate 10% (2/20) 8% (2/25)
Negative predictive value 84.6% (11/13) 91.7% (22/24)
Positive predictive value 64.3% (18/28) 92% (23/25)
Accuracy 70.7% (29/41) 91.8% (45/49)

Fig. 2   A 42-year-old patient with synovial sarcoma around the right 
scapula. a. MRI shows STS in intimate contact with the scapula, with 
an infiltrative appearance but without evident bone involvement. b. 
Increased radiotracer uptake in soft tissues around the right scapula, 
with no bone involvement. c. Surgical specimen after scapulectomy, 

which confirms the presence of free bone margins. d, e. Histological 
samples with hematoxylin–eosin staining (× 4 and × 10, respectively), 
which show basophilic areas enriched in tumoral cells of synovial 
sarcoma (within the blue rectangle), next to the bone and the perios-
teum, which are preserved
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negative, positive predictive value was 92% and nega-
tive predictive value 91.7%. The efficiency for MRI was 
91.8%.

Some examples which show the correlation between 
imaging and histological findings are represented in 
Figs. 2, 3, and 4.

Fig. 3   A 52-year-old patient with right thigh rhabdomyosarcoma. a. 
MRI which shows a tumor in the anterior compartment of the thigh 
that reaches laterally the medial periosteum of the distal metaphysis 
of the femur, and infiltrates the distal tendon of the adductor magnus. 

b. BS scan which shows pathological uptake in the distal region of 
the right femur suggestive of bone involvement. c. Microscopic peri-
osteal infiltration without bone involvement

Fig. 4.   57-year-old patient with right foot synovial sarcoma. a. MRI 
shows a tumor which ruptures the cortical and invades the bone at the 
diaphysis of the first and second metatarsal bones. b. BS scan which 

shows pathological uptake in right foot’s tarsus and metatarsus. c. 
Microscopic periosteal and bone infiltration
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DISCUSSION

The current knowledge about STS and bone involvement 
is scarce, making the therapeutic management more chal-
lenging. MRI has become the preferred modality for evalu-
ating the local extension of the tumor and the proximity 
to critical structures such as the bone. When MRI shows 
an evident tumor involvement in the underlying bone, a 
composite resection is indicated. However, when there is 
no clear evidence of bone involvement, the surgical deci-
sion must be made according to physical examination and 
other imaging studies such as BS. This is relevant because 
a positive surgical margin at the time of resection has con-
sistently been shown to be the most important predictive 
factor of local recurrence of STS [10, 11]. In addition, 
recent studies have suggested that there may be a worse 
prognosis for patients with tumor bone involvement [5–7, 
12, 13]. Our study is based on one of the largest series 
to date, focused on the evaluation of the real incidence 
of bone infiltration in STS in patients with clinical and 
radiological suspicion. Furthermore, the simultaneous 
assessment of the diagnostic accuracy of the main imag-
ing tests in charge of defining oncological margins and 
subsequently, the most suitable presurgical planning.

Overall incidence of bone infiltration in our series was 
49%, higher than those ones previously reported. In 2006, 
Patrick P. Lin et al. analyzed bone infiltration in 50 patients 
with STS in the lower extremities, according to computed 
tomography scan and MRI findings. The composite resec-
tion of soft tissue and adjacent bone tissue was performed 
only in 11 cases, and a real histological bone infiltration was 
confirmed in 3 of 50 cases (6%) [8]. When comparing our 
study to Lin’s series, a noticeable discrepancy in bone infil-
tration is detected (6% vs 49%), due to different selection 
criteria. Lin et al. included all high-grade STS, over 5 cm, 
with or without bone resection. In our study, all the patients 
had radiological suspicion of bone involvement, and bone 
resection was performed in all of them. If we focus on that 
subgroup of patients with suspicion of bone infiltration in 
Lin’s series, the incidence of histological infiltration rises 
to 27.3% [8]. Regarding adjuvant treatments, the predomi-
nance of chemotherapy over other treatments is remarkable. 
This is partially justified by the high rate of synovial sar-
comas (n = 10, 20.4%), which were treated in 60% of cases 
with chemotherapy, and in 30% of cases with different com-
binations of chemotherapy and radiotherapy. Nevertheless, 
22 patients (44.9%) did not receive any adjuvant treatment 
and 21.9% of the patients received radiotherapy. The previ-
ous extensive resections performed in some patients, and 
the presence of complications, such as dehiscence of the 
surgical wound and local infection (22.5%), explain this low 
percentage in comparison with other authors [1, 2, 6, 8, 9].

From a clinical perspective, it is more interesting to 
know the incidence of infiltration in those cases in which 
the tumor rests on the bone due to its clinical and ther-
apeutic implications. We have observed that in 49% of 
the cases there was bone infiltration; hence, a composite 
resection of the STS and bone was necessary to obtain 
a negative margin. In addition, our study also evaluated 
periosteal infiltration (14,3%) in this group of patients. 
Although it remains true that the recurrence rate depends 
on the adequacy of the surgical margins, the periosteum 
is an adequate margin in the absence of bone infiltration 
[5]. In those cases, in which the periosteum is infiltrated, 
some authors support a composite resection with the bone 
in order to obtain a wide margin. On the contrary, other 
authors have suggested that the periosteum may behave 
as an adequate margin in this particular scenario, even if 
it is very thin or even focally positive, not carrying a sub-
stantial risk of recurrence at the bone interface, as long as 
postsurgical radiotherapy is applied [8].

An accurate radiological assessment of the extension of 
the STS provides critical anatomical information for plan-
ning the surgical approach. According to our results, MRI 
has shown to be an accurate diagnostic technique for this 
task, with high sensitivity (92%) and specificity (91.7%). 
Other studies focused on the effectiveness of MRI for the 
detection of bone involvement in STS have reported similar 
results to ours (sensitivities from 90 to 100%, and specifici-
ties from 88 to 89%) [14–17]. In cases of doubtful infiltra-
tion, our diagnostic protocol included the use of physical 
examination and BS in the decision-making algorithm. BS 
is a useful test to rule out bone infiltration due to its high 
sensitivity (90%), at the expense of a low specificity (52.4%), 
and a false positive rate that reaches 47.6%.

The results of our study indicate that the overall accu-
racy of MRI in the detection of bone involvement by STS 
is high, regardless of physical examination and BS. In 
2 out of the 25 cases with histological bone infiltration, 
MRI was not able to detect it. Analyzing deeply these two 
cases, we observed that they both had received neoadju-
vant radiotherapy. Some authors have reported that prior 
radiotherapy could contribute to peritumoral changes of 
increased signal intensity in MRI (mainly because of the 
presence of edema) [18].

In addition, in 18 cases (36.7%), the bone could have been 
preserved. Therefore, new diagnostic protocols should be 
established to evaluate this type of patient to avoid unnec-
essary bone resections. In this scenario, some authors have 
reported that computerized tomography (CT) is more sensi-
tive than MRI for detecting cortical disruption, whereas MRI 
is more sensitive and specific for detecting marrow involve-
ment [15]. On the contrary, other authors have reported that 
intermediate density-weighted MRI may be more sensitive 
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than CT for the detection of shallow cortical lesions in 
cadavers [16, 19].

Due to its high negative predictive value, BS is useful 
to rule out bone infiltration, and it could be of high value 
when MRI does not detect bone infiltration. In those cases, 
a resection through the periosteum could be performed, due 
to the low probability of bone infiltration.

In those cases, without evident bone infiltration in MRI, a 
CT scan could also be considered to assess the bone cortex 
[13, 16, 19].

Limitations

Although cases were consecutively included, this is a retro-
spective cohort study with all the intrinsic limitations.

A potential selection bias is based on the fact that all 
the patients had a previous suspicion (clinical and/or radi-
ological) of bone infiltration; therefore, our results about 
incidence of bone infiltration and diagnostic accuracy of 
imaging tests are limited to this subgroup.

Although the total number of patients included is not low, 
there is great heterogeneity in terms of histological vari-
ant, grade, stage, type of adjuvant treatment, and follow-up 
period compared to other STS series.

Conclusions

The frequency of bone and periosteal infiltration of soft tis-
sue sarcomas in contact with bone is high. In STS with sus-
picion of bone involvement and subsequent bone resection, 
the incidence of histological bone infiltration is 49% and 
periosteal involvement is 14.3%.

Presurgical bone assessment by MRI has proven to be a 
sensitive and specific tool in the diagnosis of bone infiltration. 
Due to its high negative predictive value, BS is a useful test to 
rule out it. In those cases, in which there is suspicion of bone 
infiltration not confirmed by MRI, new diagnostic protocols 
should be established in order to avoid inappropriate resections.
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