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Abstract

Purpose Intraoperative frozen section analysis (IFSA) is a well-established procedure for determining the intraoperative
soft tissue resection status in patients with oral squamous cell carcinoma (OSCC). Margin status is a major predictor of the
patient’s outcome, histologically free margins of > 5 mm are demanded. This study evaluates the accuracy of IFSA, the impact
of margin status and the impact of intraoperative margin revision on disease-free survival (DFS) and overall survival (OS).
Methods This retrospective study included 213 patients with OSCC. IFSA results were compared with definitive histopatho-
logical reports, Kaplan—Meier analysis was performed. Cut-off values were calculated for resection margins considering
known risk factors.

Results IFSA showed positive margins in 8 cases (3.8%). Kaplan—Meier analysis revealed no significant differences for OS
or DFS if RO-status was achieved by initial resection or immediate re-resection.

Final histopathological evaluation revealed false-positive IFSA in 3/8 cases (37.5%) and false-negative IFSA in 1/205 cases
(0.5%). Sensitivity was 83.3% and specificity was 98.6%.

Analysis of optimal cut-off values showed no general need for larger resection margins in patients with risk factors. Cut-off
values were slightly higher for patients with the risk factor alcohol consumption (7 mm for OS and DFS) or pN+ ECS- dis-
ease (7 mm for DFS). Optimal cut-off values for tumour-margin-distance were around 6 mm.

Conclusion IFSA provides a valuable assessment method for intraoperative soft tissue resection margins. Risk factors seem-
ingly do not significantly influence the extent of tumour resection.
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Introduction

Despite interdisciplinary treatment regimens and advance-
ments in multimodal and individualised therapies, the over-
all prognosis of oral squamous cell carcinoma (OSCC) has
not improved over the last decade [1-3]. In early stages,
surgical resection with or without adjuvant therapy is still
considered to be the gold standard, even when the disease
has spread to cervical lymph nodes [4, 5]. However, several
prognostic factors for the treatment of OSCC determine the
overall prognosis and disease-free survival (DFS). Higher
TNM categories correlate with a worse prognosis [6, 7].
In contrast to continuous growth with a clearly definable
growth front, discontinuous infiltrative tumour growth leads
to a worse prognosis, especially at primary sites such as the
tongue and the floor of the mouth [8, 9]. Nevertheless, a suf-
ficient in sano resection (RO) with adequate safety margins
is one of the most important prognostic factors in surgically
treated OSCC. RO resection with adequate safety margins
has to be the goal of curative surgical treatment. The prog-
nostic relevance of the final resection margin status on over-
all survival (OS) and DFS has been described independently
by several research groups [10, 11].

Intraoperative frozen section analysis (IFSA) is a well-
established and widely used practice for examining soft
tissue resection margins. It promptly provides information
about the intraoperative resection status [12—14]. Neverthe-
less, there is no consistent approach concerning how to take
the samples for frozen sectioning. Both specimen-driven
and tumour-defect-driven frozen sectioning are known to
be reliable procedures for evaluating intraoperative margins.
As previous studies were not able to show a significant dif-
ference in OS or DFS, in our clinical practice we routinely
perform defect-driven frozen sectioning [15-17].

The threshold for close margin definition has been set at
1-5 mm [12, 13, 18]. However, a close margin or R1 resec-
tion has been linked to a significantly worse overall prog-
nosis, whereas the current evidence do not clearly indicate
whether a close margin status is an independent risk fac-
tor for higher local recurrence rates [19, 20]. Additionally,
the impact of other risk factors is still debated. Perineural
tumour invasion (Pnl) is a modulating factor for the recur-
rence rate [21]. Nevertheless, achieving RO resection is com-
monly accepted to be a main goal in curative-intended sur-
gical treatment of OSCC. IFSA can help to achieve tumour
clearance and thus may be able to improve the patient’s
prognosis. However, the impact of re-resection after an ini-
tial R1 resection status based on IFSA for a patients” DFS is
still debated [12, 22-24].

The aim of this study was to evaluate the accuracy
of IFSA. In addition, we compared the prognosis after
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achieving an RO status from the initial resection with the
prognosis after achieving an RO status via immediate re-
resection. Furthermore, we investigated the prognostic value
of the resection status and margin distance provided by IFSA
on OS and DFS.

Material and methods

The current retrospective work analyses a cohort of patients
with primary OSCC treated at the Department of Oral and
Maxillofacial Surgery of the Charité Universitdtsmedizin
Berlin between April 2017 and February 2021. The
inclusion criteria were (i) curative treatment intention and
(i1) intraoperative frozen sectioning during tumour resection.
Patients with local recurrences, preoperative irradiation
in the head and neck area as well as chemotherapy were
excluded from the study. All included patients have received
the recommended adjuvant therapy. The R-status in the
histopathological report was investigated. Close margin
status was defined as resection distance 1 mm <X <5 mm.
R1 status was defined as a (carcinoma-)positive resection
margin. Frozen sectioning specimens were collected
circularly and from the tumour bed after main tumour
resection to evaluate the intraoperative resection status.
Sensitivity and specificity were evaluated by referring to
the definitive histological evaluation of these specimens.
The evaluation was performed for the complete patient
cohort and subdivided according to the different intraoral
tumour locations. Furthermore, the prognostic value of
the resection distance according to IFSA was evaluated
by calculating cut-off values. The clinical outcome was
investigated in terms of OS and DFS, including locoregional
recurrences, lymph node recurrences and the occurrence
of metastases and secondary carcinomas defining the end
of the DFS interval. Only patients with complete data sets
were included.

IFSA - intraoperative frozen section analysis

The intraoperative consultation of the tissue included the
frozen section of the specimen. The specimens were meas-
ured and then embedded in a gel-like medium and cooled
down using the freezing area of the cryostat microtome or
via liquid nitrogen. The specimen was cut into slices of 5 (up
to 10) um, put on glass slides and stained with haematoxylin
and eosin (H&E).

After IFSA, all frozen specimens were formalin fixed
and paraffin embedded (FFPE) and additional slides of the
FFPE tissues were stained with H&E and evaluated.
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Statistical analysis

Data were collected in Microsoft Excel (Microsoft Corpora-
tion, Redmond, WA, USA) and analysed with SPSS Statis-
tics (IBM Corporation, Armonk, NY, USA) and R Studio
(RStudio Team, Boston, MA, USA). The means and stand-
ard deviations (SD) as well as the median and first (q1) and
third (q3) quartiles were calculated for metric variables and
absolute as well as relative frequencies were determined for
categorical data. Categorical variables were compared across
the groups by using cross tables and the chi-square tests.
Kaplan—Meier analysis was performed for survival analysis,
calculating OS and DFS. The log rank test was performed
to test relationships between categorical variables and OS
or DFS. Sensitivity and specificity were calculated and the
optimal cut-off values were obtained by using Youden’s
index for receiver operating characteristic (ROC) analyses
of logistic regressions regarding OS and DFS. Further-
more, Cox regression was performed adjusted for age, sex
and Union for International Cancer Control (UICC) stage.
Hazard ratios and their 95% confidence intervals (CI) were
calculated. Statistical significance was defined as «=0.05,
p-values and CI were not adjusted for multiplicity due to the
exploratory nature of this study.

Results
Patients’ characteristics

This retrospective study included 213 patients (113 [53%]
men / 100 [47%] women) with OSCC treated with primary
surgical resection at the department of Oral and Maxillo-
facial surgery at Charité Universitdtsmedizin Berlin, Ger-
many. The mean +SD age was 65+ 11.6 years (range 26
— 93 years). The median follow-up was 26 months (range
1 — 57 months). The localisation of the main tumour as well
as the TNM and UICC status are presented in Table 1.

Intraoperative versus final resection status

The intraoperative resection status was compared with the
final resection status of the IFSA specimens. After final
histopathological evaluation, there was one false-negative
IFSA (0.5%). Surgical re-resection was not performed, nei-
ther intraoperatively nor in a second surgery, because micro-
vascular reconstruction had already been in situ for several
days. This case was formally treated as an R1-resection and
the patient received adjuvant radiation. Due to the patient”s
request and patient”s reduced general condition, no systemic
chemotherapy was performed. There were also three cases
of false-positive IFSA (37.5%). In all of these cases, IFSA
could not exclude small branches of tumour in the margins.

Table 1 Localisation and
clinical and pathohistological
TNM (8th edition) and UICC-

Parameter N %

Localisation

status Tongue 65 30.5
Floor of mouth 58 27.2
Mandible 53 249
Maxilla 21 9.9
Soft palate 1 0.5
Cheek 15 7.0

pT stage
pT1 65 30.5
pT2 67 315
pT3 25 11.7
pT4a 56 26.3
PN stage
pNO 140  65.7
pN1 24 11.3
pN2a 5 23
pN2b 9 4.2
pN2c 3 1.4
pN3b 31 14.6
n.a.* 1 0.5
pM stage
pMO 209  98.1
pM1 2 0.9
pMx 1 0.5
n.a.* 1 0.5
pUICC
| 59 27.7
II 43 20.2
I 28 13.1
IVA 52 244
IVB 29 13.6
IvC 1 0.5
n.a.* 1 0.5

* In one patient with cNO status,
ND was not performed, due to
age and comorbidities

Therefore, intraoperative re-resection was suggested and
performed. After paraffin embedding, clear margins could
be identified in the primary IFSA specimens. Overall, the
sensitivity for IFSA was 83.3% (95%-CI: [43.7%-97.0%])
and specificity was 98.6% (95%-CI: [97.3%—-99.9%]). The
characteristics of the patients with false-negative or false-
positive IFSA are presented in Table 2.

Intraoperative frozen section analysis
Resection status

In all cases, frozen sectioning samples were taken separately
after the main resection in a circular manner. In a clinical
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Table 2 Patients’ characteristics

. i _ ) Parameter pTNM pUICC IFSA Final resection status after
Wltl.l false—negatlve or false- intraoperative re-resection (if
positive IFSA performed)

T4a N3b MO IVB negative R1
T4a NO MO IVA positive RO
T2 N1 MO I positive RO
T3 N3b M1* IVB positive RO

* Patient was initially staged as cMO, thoracic metastases were diagnosed after tumour resection was per-

formed in curative intention

Table 3 Resection status based on IFSA and after final histopatho-
logical analysis

Resection status n IFSA Final resection status
(including intraoperative re-
resection)

Positive margin 8 (3.8%) R1: 1 (12.5%)

RO: 7 (87.5%)

R1: 1(0.5%)
RO: 204 (99.5%)

Negative margin 205 (96.2%)

setting a macroscopic margin of 10 mm has to be achieved
during tumor resection. The mean amount of frozen sec-
tioning samples was 8 (range 2-28 samples). In total, 1776
defect-driven specimens were evaluated. Overall, there were
8 (3.8%) patients with an R1 resection status according to
IFSA. Five (62.5%) of these patients presented with a T4a
stage, in one (12.5%) case each with T1, T2 and T3 stage,
respectively. Intraoperative re-resection was performed in
all of these cases. Therefore, a specimen of approximately
3 mm in size, immediately adjacent to the positive margin,
was discarded. Subsequently, a new specimen was collected
for the re-evaluation of the margin status. Re-resection was
successful in achieving a final RO resection status in 7 of 8
(87.5%) cases. The resection status based on IFSA and after
final histopathological analysis is shown in Table 3.

The Kaplan—Meier analysis was performed to compare
the prognostic value of the IFSA. For the OS and the DFS,
there was a tendency for poorer survival for patients with
positive margins after initial IFSA (before re-resection) com-
pared with those with negative margins after initial IFSA.
However, the difference between the groups in OS (p=0.10)
and DFS (p=0.24), was not statistically significant (Fig. 1).
Furthermore, there were no statistically significant dif-
ferences in OS (p=0.33) and DFS (p =0.59) between the
group with an initial RO resection status and the patients
that needed immediate re-resection to achieve a final RO
resection status (Fig. 2).

In 52 cases (24.4%), bone invasion of the tumour was
confirmed with histopathological evaluation. IFSA (of
soft tissue) was positive in 5 patients (9.6%), compared
with 3 patients (1.9%) without bone invasion. Successful
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Fig. 1 Kaplan-Meier analysis: positive initial IFSA versus negative
initial IFSA, regarding OS (a) and DFS (b)
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Table 4 Resection status after initial tumour resection

re-resection could be performed in 4 cases (80.0%). Regard-
ing margin status, there was a statistically significant differ-
ence between patients with bone invasion compared with
patients without bone invasion (p =0.01). The resection sta-
tus of the tumour specimen was also compared (Table 4).
Close margin and R1 status were more frequent in the group
with bone invasion (p =0.008). The initial IFSA diagnosis
changed in 2 patients (3.8%) in the group with bone invasion
and in 2 patients (1.2%) in the group without bone invasion.
There was no statistically significant difference (p=0.23)
between the groups regarding the change in the IFSA diag-
nosis. The final resection status for patients with and with-
out bone invasion is also presented in Table 4. There was
a statistically significant difference in the final resection
status between the groups (p =0.03), indicating a tendency
for closer overall margins in patients with bone invasion.
There were two patients with an R1 margin status after the
final histological examination in the bone invasion group. In
one of these cases, the positive resection margin was a bone
margin, in the other case, the positive margin was found in
soft tissue.

OS and DFS were compared regarding the final resec-
tion status: there were no statistically significant differ-
ences. Nevertheless, there was a tendency that resection
margins <5 mm could be associated with a poorer OS and
DFS (Fig. 3).

Resection distance

Mean resection distance was 7.3 + 3.3 mm, the median
was 6 mm (ql =5, q3=09). The optimal cut-off values
were 6 mm for OS (area under the curve [AUC]=0.62;
sensitivity =0.78; specificity =0.44) and 6 mm for DFS
(AUC =0.61; sensitivity =0.78; specificity =0.41).

Furthermore, cut-off values were determined considering
known risk factors (Table 5).

Optimal cut-off values could not be calculated for all sce-
narios. In some cases, the AUC was very low, so the cut-off
values were not meaningful (e.g. DFS no alcohol, OS NO,
OS/DFS pT1/2). When the AUC was < 0.5 the model was
insufficient and the cut-off values were deemed to be void
(OS no alcohol, DFS NO, OS/DFS G3). In addition, for G1
models, the cut-off values were not reliable because of the
low rate of events in this group.

Final resection status (including frozen section specimens)

Resection status main tumour specimen

>5 mm 5 mm <5 mm R1 RO Close margin R1
Overall 158 (74.2%) 35 (16.4%) 18 (8.5%) 2 (0.9%) 65 (30.5%) 124 (58.2%) 24 (11.3%)
Without bone infiltration 124 (77.0%) 26 (16.2%) 11 (76.8%) 0 (0%) 58 (36.0%) 87 (54.0%) 16 (10.0%)
Bone infiltration 34 (65.4%) 9 (17.3%) 7 (13.5%) 2 (3.8%) 7 (13.5%) 37 (71.1%) 8 (15.4%)
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Fig.3 Kaplan—Meier analysis: final resection status regarding OS (a)
and DFS (b)

Overall, there were no notable differences between the
risk-specific cut-off values, compared with the baseline
cut-off values for OS and DFS. There were slightly higher
cut-off values for the risk factor alcohol for OS (7 mm,
AUC=0.78) and DFS (7 mm, AUC=0.71) as well as for
N+ ECS- for DFS (7 mm, AUC =0.78) with reasonable
AUC.
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Table 5 Cut-off values for risk factors

Risk factor Cut-off AUC  Sensitivity  Specificity
value
(mm)
Smoking
OS (smoker) 7 0.59 0.51 0.65
OS (non-smoker) 6 0.64 0.80 0.53
DFS (smoker) 7 0.61 0.53 0.67
DFS (non-smoker) 6 0.61 0.80 0.46
Alcohol
OS (alcohol) 7 0.78  0.66 0.87
OS (no alcohol) 10) 046 0.29 0.80
DFS (alcohol) 7 0.71 0.64 0.76
DEFS (no alcohol)  (6) 0.56 0.78 0.41
ECS status
NO
oS ®) 0.55 0.49 0.63
DFS 3) 049 1 0.03
N+ECS-
oS 6 0.78 0.77 0.67
DFS 7 0.78 043 1
N+ECS+
oS 6 0.59 0.74 0.53
DFS 6 0.64 0.81 0.55
Grading
Gl
oS 13) 1 1 1
DFS (13) 0.58 0.33 1
G2
(0N 6 0.61 0.76 0.44
DFS 6 0.58  0.69 0.43
G3
(ON) ©) 0.35 0.09 0.92
DFS / 033 0 1
pT-stage
pT1/2
oS ©6) 0.52  0.79 0.29
DFS @ 052 0.61 0.46
pT3/4a
(ON 6 0.67 0.75 0.54
DFS 6 0.69 0.77 0.56
Discussion

The use of IFSA is suggested by the current German guide-
lines for the treatment of OSCC [25]. In this study, defect-
driven IFSA provided reliable information about the intra-
operative resection margins with a sensitivity of 83.3% and a
specificity of 98.6%. Other studies have reported a sensitiv-
ity of 45.5%-97% and a specificity of 88.3%—100% [26-28].
Overall, it is possible to make clinical decisions based on
the IFSA diagnosis — especially in early stages (T1 and T2)
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where there is high accuracy. In this investigation, all mis-
classified resection margins occurred in advanced tumour
stages (T3 and T4).

IFSA is not able to provide information regarding the
bony resection margins. Nevertheless, our findings imply
that if consistent resection in both bony and soft tissue is
performed, then IFSA may allow drawing conclusions about
the resection status. Of the 52 cases with bone invasion,
IFSA was positive for soft tissue margins in 5 (9.6%). This
is more than 2.5-fold higher than the rate of positive margins
overall. Furthermore, there was a significant difference in the
final resection status between patients with or without bone
involvement (p=0.03). These findings imply a tendency for
closer margins in patients with bone invasion. A possible
reason for this finding might be that gross examination of
tumour extension can be performed better in soft tissue than
in bone. The increasing usage of computer-assisted planning
of resection and reconstruction may be able to improve this
point. Indeed, many investigations have shown the benefits
of Computer-aided design/Computer-aided manufacturing
(CAD/CAM) technology in planning tumour resections as
well as the immediate and accurate surgical reconstruction
[29-31].

The overall high reliability of IFSA allows the regular
performance of reconstructive surgery immediately after
tumour resection. Even complex surgical procedures such
as microvascular transplants can be performed with a good
oncological outcome. In the literature, recurrence rates for
immediate versus delayed reconstructive surgery are very
similar [32, 33].

However, as IFSA does not directly provide information
about the bony resection margins, additional research is
needed to establish diagnostic tools that evaluate the intra-
operative bony margins. Researchers have described tech-
niques for intraoperative evaluation of bone invasion. Wys-
luch et al. published the trephine drill technique, with which
bone specimens are extracted with a trephine drill from the
resected tumour specimen and undergo frozen sectioning.
Compared with the definitive histological diagnosis after
decalcification process, the trephine drill technique had a
consistency of 94% [34]. Another technique is the frozen
sectioning of material from bone marrow curettage or infe-
rior alveolar nerve biopsies, as described by Bilodeau et al.
for patients with mandibular bone invasion. There were no
false-positive findings but the sensitivity was only 50% [35].
Both techniques provide the possibility of an intraoperative
evaluation of bony resection margins but leave a need for
further investigation to gain a reliable setting.

In general, positive final resection margins are
associated with poor OS and DFS [11]. The necessity of
initial intraoperative RO status is still debated. While some
studies imply that initial R1 status, even with successfully
performed immediate re-resection, decreases OS and DFS

[24, 36], there are also studies that have shown that
the patient’s prognosis is similar for an RO status after
immediate re-resection compared with an initial RO
status [22, 37]. Ettl et al. found indications that close
margins were found more often in tumours which have a
tendency for higher differentiation, lymphangiosis and
positive neck nodes. Additionally, in their study positive
margins revised to negative by immediate re-resection were
nevertheless a strong predictor for worse disease-specific
survival. Therefore, the authors stated that close margins
and especially involved margins are a predictor for local
recurrence and thereby, the benefit of frozen sectioning
seems questionable to them [38]. In contrast to this, Nentwig
et al. found no statistically significant differences between
patients with initial RO resection status versus those with
initial R1 status in the IFSA, followed by a successful
immediate re-resection. Though, they stated that re-resection
failed in 42.1% of the cases with positive margins in the
IFSA, with a negative effect on patient”s outcome [22].
The impact of immediate re-resection, induced by positive
margins in the IFSA is still debatable. The question of the
reliability of matching positive IFSA specimens to the
exact intraoperative margins by the surgeon as well as the
pathologist is still problematic [39, 40]. Addressing the
aspect of improving the communication between surgeon
and pathologist, protocols such as the “GAIM” protocol by
Tessler et al. may be able to support the interdisciplinary
interaction. By using strict inking (different colours for all
margins) and analysis strategies for all resection margins
(specimen-driven approach, IFSA must include inked an
uninked tissue) and systematic revision of the margins if
close or involved (entire length of affected margin), they
addressed the aspects of reliability and reproducibility. The
authors stated that they were able to enhance the precision
in margin assessment with their protocol. There is still a
need for a long-term follow-up to prove the improvement
regarding the outcome, though [41]. Nevertheless, in our
study, there were no statistically significant differences
between the initial RO and the RO after immediate
re-resection groups, implying that immediate re-resection
based on positive IFSA diagnosis may improve the patient”s
prognosis. Due to the low number of intraoperative
re-resections, these results should be considered as a
tendency. The assessment of close margin status is still
debated. German guidelines for the treatment of OSCC
suggest adjuvant radiochemotherapy for patients with a
close margin status [25]. In some cases with early-stage
tumours, depending on the patient’s age, health condition
and the tumour characteristics (e.g. perineural or vascular
invasion), watchful waiting seems to be a valid treatment
alternative [42]. However, Gokavarapu et al. indicated that
close margins may have a similar local recurrence rate for
early stage OSCCs (pT1NO /pT2NO). Furthermore, the
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need for adjuvant therapy in these cases seems to be
debatable [43]. In our investigation there was a tendency for
a poorer OS and DFS in patients with close margin status,
albeit without statistical significance.

Generally, a resection margin of at least 5 mm histologi-
cally tumour free tissue is commonly accepted threshold for
clear margins [12, 13, 18]. In accordance with this demand,
we found cut-off values of 6 mm for OS and DFS. In their
recent review, Jang et al. summarised the recent evidence
regarding the cut-off values. The authors reported evidence
for similar local recurrence rates between the clear and close
margin groups in patients with an initial T1/T2 tumour stage.
The deep resection margin is especially mentioned to be
important for the outcome regarding the local recurrence
rate. In addition, tumour thickness has been mentioned as
an important risk factor for local recurrence. The authors
conclude that there is a need for dynamic resection margins,
according to the individual risk factors, including the tumour
dimension and the depth of invasion [44]. Also, Kubik et al.
found that depending on the margin distance, the presence
of Pnl seems to increase the risk of locoregional recurrence
rates. Especially regarding close resection margins, patients
seem to have a higher risk for locoregional recurrence if Pnl
is present. Their study showed the same risk for locoregional
recurrence for patients with Pnl- and a resection margin of
2.5 mm and for patients with Pnl+ and resection margins of
5.0 mm [21]. Furthermore, smoking, alcohol, lymph node
involvement with extracapsular spread and histological
grade of differentiation are known to be important prognos-
tic factors [45-47]. Therefore, we investigated the impact of
these risk factors regarding the resection margin. Finally, our
results imply that the presence or absence of these risk fac-
tors do not demand different treatment approaches regarding
the surgical margin. Based on our data, a histological resec-
tion margin of >5 or>6 mm seems to be a valid treatment
goal, regardless of the accompanying risk factors.

The limitation of this study is the low number of false-
positive and false-negative IFSA diagnoses. Therefore, the
calculated statistical correlations based on the IFSA should
be considered as tendencies and cannot be used to make
confirmatory conclusions. Additionally, regarding a median
follow-up time of 26 months, it is difficult to make a state-
ment in terms of long-term outcome. In only 11 out of all
213 cases, the follow-up time was at least 50 months. There-
fore, the results regarding the long-term outcome should also
be considered as a tendency. It would be desirable to confirm
these tendencies in further studies. As in all studies dealing
with IFSA, it must be mentioned that in the rarest cases,
the intraoperative frozen section images the entire resec-
tion area of the tumor. Especially the evaluation of the deep
margin remains one of the main weaknesses, especially in
IFSA with defect-driven approach. Therefore, this limita-
tion should also be considered regarding the assessment of
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IFSA’s accuracy. The effect of the surgeon's experience on
the clinical correlation to the selection of deep-frozen sec-
tions is an elusive factor.

Conclusion

In conclusion, we confirmed that IFSA is a reliable method
to assess intraoperative margins. It enables immediate re-
resection to achieve an RO status and/or immediate recon-
struction. In cases with bone involvement, additional
research is needed to establish a valid method of intraopera-
tive bone assessment. Even in these cases, IFSA can provide
helpful information, even though direct bone assessment is
not regularly performed. We found that risk factors seem-
ingly do not have a crucial influence on the needed extent of
the tumour resection, but additional investigation is needed.
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