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Abstract. The detection in the mandible of early local spreading of adjacent primary 
malignancies poses a difficult problem. A survey of 60 patients suspected of carcino¬ 
matous mandibular infiltration was undertaken, and the most important clinical and 
imaging data were studied. Tumor localization and bone scintigraphy proved to offer 
the most important predictive power. A decision tree and a logistic regression model 
which determines a score function combining these characteristics were designed. 
This decision tree improves the sensitivity and specificity of the preoperative assess¬ 
ment and provides the surgeon with an algorithm for the accurate estimation of early 
mandibular invasion. 
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Oral malignancies constitute approxi¬ 
mately 5% of all malignant neoplasms 
in the body, and the vast majority of 
them (91%) are squamous cell carcino¬ 
mas (SCC)25,30. Early bone invasion is 
of paramount importance when treat¬ 
ment is considered, having also a great 
impact on the survival rate26,35. Inability 
to detect invasion of the tumor in the 
bone may lead to inadequate resection, 
resulting in local recurrence and poten¬ 
tial regional or distant metastasis. The 
incidence of mandibular invasion by 
SCC depends on the size of the primary 
tumor and on the proximity of the tu¬ 
mor to the mandible, the incidence 
ranging from 12% to 56% according to 
various studies2’4-13-18’21’24'31-32’36 . 

Several imaging methods such as 
conventional radiography, computed to¬ 
mography (CT), radionuclide scans, and 
magnetic resonance imaging (MRI) 
have been used to delineate mandibular 
infiltration. All of these methods, how¬ 

ever, seem to have specific limitations, 
and the preoperative assessment of pos¬ 
sible bone infiltration is still based on 
clinical inspection combined with the 
data derived from these imaging meth¬ 
ods. 

Bone scintigraphy (BS) is generally 
regarded as one of the most reliable 
methods of assessment of bone invasion 
and detection of distant osseous meta¬ 
stasis 11,20. Despite the high sensitivity of 
the method in relation to the detection 
of osseous infiltration, BS is associated 
with a high incidence of false-positive 
results due to its unspecificity 13’17’37 . 
Various studies have reported false-pos¬ 
itive and -negative results and discussed 
the implications. 

CT is regarded as a sensitive method 
of assessing primary SCC (size, loca¬ 
tion, spread in the soft tissues, and re¬ 
gional lymph-node metastasis). How¬ 
ever, its ultimate usefulness in the delin¬ 
eation of invasion of SCC in the mandi¬ 

ble remains questionable due to the ir¬ 
regular shape of the mandibular bone 
and the limitations caused by metal den¬ 
tal artifacts9,28 . 

To compare the accuracy of BS and 
CT scanning, we undertook a study in 
which both methods were used in se¬ 
quential order. The results were linked 
with the clinical assessment and the 
histopathologic findings. The aim was 
to develop a protocol allowing precise 
preoperative assessment of possible in¬ 
vasion of SCC in the mandible. 

Material and methods 

The records of 60 patients with oral carci¬ 
noma suspected of mandibular infiltration, 
treated surgically in the Cranio-Maxillofacial 
Surgery Department of the University Hospi¬ 
tal of Zurich, Switzerland, between 1988 and 
1995, were reviewed. The patient population 
consisted of 44 (73%) men and 16 (27%) 
women. The patient age range was 33-83 
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years; the average age was 60.18 years (59 
for men and 64 for women). In 15 patients, 
preoperative radiotherapy was performed. 
The radiation was conventionally fraction¬ 
ated with a total dosis of 50-55 Gy. The 
interim period between radiation and surgery 
was less than 50 days in each case. 

The criteria for inclusion of patients in the 
study were as follows: 
1) primary SCC of the oral cavity adjacent 

to or near the mandible 
2) general medical condition of the patient 

permitting radical tumor surgery. 
The diagnostic presurgical imaging for the 

assessment of mandibular invasion included 
conventional plain radiographs, BS, and CT. 
Whole-body radionuclide bone scanning was 
performed in all patients, by the protocol of 
the Nuclear Medicine Department, with ap¬ 
plication of 500-800 MBq "mTc-DPD (di-
carboxypropane-diphosphonate), while im¬ 
aging was done 3 h later (delayed phase) 
with a high-resolution collimator. The im¬ 
ages were always interpreted independently 
by two observers skilled in nuclear imaging 
interpretation. 

CT data were obtained in 47 patients. CT 
imaging of the suspected mandible was per¬ 
formed according to the standard procedure 
of the Neuroradiology Department, includ¬ 
ing CT scans in two planes (axial and coro¬ 
nal) in contiguous 5-mm slices. In suspected 
invaded bone areas, additional overlapping 
cuts of 3 or even of 1.5 mm were performed. 
Filming was done at both soft-tissue and 
bone-tissue settings. The mandibular area 
suspected of tumor invasion was filmed at 
4000, rather than 2000, window settings, for 
better imaging in cases of minimal bone de¬ 
struction. 

Of the 60 patients, 37 underwent segmen¬ 
tal and 18 marginal resection; in the remain¬ 
ing five patients, a sagittal resection of the 
lingual cortex of the mandible was per¬ 
formed. The specimens were demineralized 
with EDTA and cut in a routine fashion. 

The clinical and imaging parameters in¬ 
cluded the primary tumor localization, stag¬ 
ing and grading of the tumor, radionuclide 
bone-scan evaluation, CT scan data, surgi¬ 
cal treatment, and correlation of the diagnos¬ 
tic findings with the histologic results. Tu¬ 
mors were staged according to the guide¬ 
lines of the TNM system 14. Tumors with pe¬ 
riosteal involvement but intact osseous 
structures were classified as having no bone 
infiltration. 

The dependence of the histologically deter¬ 
mined bone infiltration and each of the pre¬ 
operative variables were statistically tested 
by the chi-square test. To study joint effects of 
several variables for improving their diagnos¬ 
tic value, we devised a decision tree. In the 
first step, the patient population was split into 
two groups according to the variable which 
distinguished best between histologically 
negative and positive results. The division 
was stopped when further steps no longer led 
to improvement, as was the case after two 
steps. The method8 was adapted to optimize 

N1 N2 N3 N4 negative positive 

Fig. 1. Correlation between histologically verified bone infiltration and preoperative predictor 
variables. Shaded areas and numbers above them show number of patients with bone infiltra¬ 
tion in each category of predictors. Total numbers are presented at top and are proportional to 
width of bars. P values refer to chi-square test for independence. 

predictive values and to improve interpreta¬ 
bility. A logistic regression model which pro¬ 
vides an alternative method for the prediction 
of bone infiltration on the basis of several pr¬ 
eoperative characteristics of the patient was 
also submitted. A score function in the form 
of a linear combination of these characteris¬ 
tics was constructed. This function was then 
converted by the so-called logistic transfor¬ 
mation into an estimated probability for any 
patient suspected of bone infiltration. Statisti¬ 

cal calculations were performed by the pro¬ 
gram S/S-Plus. 

Results 

Bone involvement was histologically 
proven in 41 patients (68%), while in 19 
patients (32%) the tumor was in prox¬ 
imity to the bone but without infiltration 
of the cortex. 

Fig. 2. Decision 
tree: branching is 
based statistically 
on two most im¬ 
portant predictive 
factors - scintigra¬ 
phy and tumor lo¬ 
calization. |. no invasion | 

( scintigraphy J 

^^^^positive 

( tumor site group ) 

low/fisk^ hig^\iisk^ 

| unclear | | invasion | 
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score= -2.8+3.8*X, +1.5*X2+1.8*X3
Fig. 3. Results of logistic regression. Dots show linear predictor or score (horizontal axis) for 
each patient with and without bone invasion (vertical axis). Line shows how this score is trans¬ 
formed into estimated probability of bone invasion based on three predictors, Xp X2, and X3. 

(well differentiated), grade II (moder¬ 
ately differentiated), and grade III 
(poorly differentiated). Only five (8%) 
of the 60 patients presented with grade I 
lesions; in all of them (100%), mandibu¬ 
lar involvement was confirmed. Of the 
46 (77%) patients with grade II lesions, 
bone infiltration was found in 29 (63%). 
Of the remaining nine (15%) patients 
with poorly differentiated SCC, seven 
(78%) had evident bone infiltration. The 
results, however, were not statistically 
significant (Fig. 1). 

Bone scintigraphy 

Preoperative bone scans were positive 
in 40 (98%) of the 41 patients (Fig. 1). 
In only one (2%) patient was the result 
of bone scanning false-negative; i.e., the 
mandibular destruction was not de¬ 

Localization 

The tumors were localized in five differ¬ 
ent sites, including the retromolar area, 
the alveolar ridge, the floor of the 
mouth, the tongue, and the cheek 
mucosa. The tumors located in the retro¬ 
molar area (17 patients, 28%) all 
showed histologic invasion of tumor in 
the bone (100%). Tumors of the alveo¬ 
lar process were found in 14 patients 
(23%). In 10 (71%) of them, bone inva¬ 
sion was histologically present. SCC in 
the floor of the mouth was present in 21 
(35%) patients. In 11 (52%) of them, 
osseous infiltration was histologically 
evident. There were only five patients 
with SCC localized in the tongue, while 
in three patients, it was in the buccal 
mucosa. In two patients with tongue 
SCC and one with involvement of the 
buccal mucosa, bony invasion was his¬ 
tologically apparent (Fig. 1). 

Nodal infiltration 

On clinical and CT examination, 23 
(38%) of the 60 patients showed no evi¬ 
dence of nodal disease (NO), 23 (38%) 
patients had N1 positive lymph nodes, 
11 (18%) patients were classified as N2, 
and three (5%) patients were classified 
as N3. Ten (43%) patients of the first 
group had histologic evidence of bone 
involvement; in 20 (87%) of the 23 N1 
patients, this was the case. In the N2 
category, bone invasion was present in 
10 (91%) of the 11 patients, but in only 
one patient in the N3 group (Fig. 1). 

Stage 

The relationship between stage of disease 
and bone invasion is presented in Table 1. 
It is evident that bony invasion correlated 
with the higher-stage groups (Fig. 1). 

Grading 

Differentiation of tumor cells was dis¬ 
tributed into three grades 14: grade I 

tected. Increased radionuclide uptake in 
the BS was seen in 10 (52%) of the 
group of the 19 patients without histo¬ 
logically proven mandibular invasion. 
The results obtained with the univariate 
analysis verified the diagnostic accuracy 
and the sensitivity of BS, resulting in a 
negative predictive value (NPV) of 90% 
and a positive predictive value (PPV) of 
80%, due to the incidence of false-posi¬ 
tive findings. 

Table 1. Clinical stage according to TNM system 

Bone invasion, no. of patients 

Stage Criteria No Yes Total 

I TINO 3 1 4 

II T2N0 6 0 6 

III T2Nl,T3N0,T3Nl 2 4 6 

IV All T4 8 36 44 
Any T with N2 or N3 
Any T and N with M1 

Table 2. Estimated coefficients for logistic model 

Estimate Std. error P value 

Intercept . -2.788 1.4017 0.047 
Scintigraphy 3.762 1.4577 0.010 
Site group 1.515 0.6046 0.012 
Stage 4 1.833 0.6265 0.003 

Table 3. Estimated probabilities of bone invasion calculated from logistic model 

„. Low risk High risk 

Tumor stage 1-3 4 1-3 4 

Sc. negative 0.2 7.8 4.3 63.7 
Sc. positive 8.5 78.5 65.8 98.7 
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Fig. 4. Predictive 
values, sensitivi¬ 
ties, and specifici¬ 
ties for scintigra¬ 
phy; for CT; for 
decision tree that 
permits category 
of uncertain deci¬ 
sion (scintigra¬ 
phy and low-risk 
site); and for vari¬ 
ous rules based on 
probability of 
bone invasion es¬ 
timated by logis¬ 
tic regression. 

Computed tomography 

CT data were obtained in 47 patients. 
The imaging findings corresponded 
well with the histopathologic results in 
37 (62%) patients. In 25 patients, man¬ 
dibular invasion was properly diag¬ 
nosed, whereas in 12 who had no histo¬ 
logic evidence of osseous infiltration, 
the results of CT were negative as 
well. There were seven (22%) patients 
in whom CT did not reveal bony ero¬ 
sion while the histology proved to be 
positive. There were only three 
patients with false-positive results 
(Fig. 1). 

Decision tree (Fig. 2) 

To study the joint effects of the several 
variables which might enhance their 
diagnostic value, we devised a decision 
tree based on the two most statistically 
predictive criteria, scintigraphic find-

a links LATERAL 

Fig. 5. Clinical view of exophytic SCC adjacent to alveolar crest of mandible. 
Fig. 6. Bone scan of same patient with increased "mTc uptake in right mandible, revealing bony invasion. 
Fig. 7. CT scan of same patient showing osteolysis in right premolar region due to tumor invasion of mandible. 
Fig. 8. Histologic findings of resected mandible showing deep penetration of tumor cells into bony structures (HE xlO). 
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ings and tumor localization. Two groups 
were chosen for the sake of simplicity. 
The high-risk group consisted of the 
retromolar area and the alveolar ridge, 
while the floor of the mouth, the tongue, 
and the buccal mucosa formed the low-
risk group. The first decision was based 
on the scintigraphic results. For patients 
with negative bone scanning, the risk of 
osseous infiltration was low (estimated 
at 10%). For patients with positive 
scintigraphy, with a positive predictive 
value (PPV) of 80%, further branching 
helped. In tumors of a high-risk area, 
the PPV increased to 27/29 (93%). For 
patients with positive bone scanning but 
with tumors localized in low-risk areas, 
the prediction was uncertain, as the 
probability of osseous infiltration was 
13/21 (61%). Further diagnostic tests 
were recommended. If this group of 21 
patients had been further divided, 
improved results could have been 
obtained. Eighteen of this group had 
positive or negative CT. Of the nine 
patients with positive CT, only one had 
no bone infiltration, whereas this was 
the case for five of the nine patients with 
negative CT. All four patients with clin¬ 
ical tumor stage less than IV had no 
bone infiltration. 

Logistic regression 

On the basis of the results achieved, a 
logistic regression model, which allows 
one to obtain estimated probabilities of 
bone invasion from several predictive 
variables, was developed. The best 
result was found by using the three 
binary variables: 
X]=l for patients with positive bone 
scanning; otherwise, Xj=0 
X2=l for patients with tumor in a high 
risk site; otherwise, X2=0 
X3=for patients with tumor stage IV; 
otherwise, X3=0. 

Estimated coefficients are presented in 
Table 2, while Table 3 shows the esti¬ 
mated probabilities for bone infiltration 
for the eight combinations of the char¬ 
acteristics. 

The results suggest the following hy¬ 
pothesis. Positive bone scanning com¬ 
bined with tumor stage IV entails a very 
high probability of high-risk sites 
(98.7%) and still a high probability 
(78%) of low-risk sites. Patients with 
negative bone scanning have a low risk 
(4.3%) unless they have tumor stage IV 

in high-risk areas. For high-risk sites 
and either tumor stage IV or positive 
bone scanning (but not both), the out¬ 
come remains unclear. Fig. 3 shows the 
correlation between incidence of bone 
invasion and its estimated probability. 

Discussion 

Mandibular invasion is a determining 
factor for treatment planning, and it also 
affects the prognosis of the disease. 
Invasion of the bone by direct extension 
of an adjacent carcinoma which pene¬ 
trates the thin mucosal layer of the alve¬ 
olar ridge is the most common route of 
mandibular infiltration 18,19 . Brown & 
Browne6 emphasize that the attached 
mucosa is the main potential route of 
tumor entry because of the lack of peri¬ 
osteum in this area of the mandible. 
Invasion by involvement of deeper tis¬ 
sues and secondary extension through 
the periosteum is rare 18. Early tumor 
invasion of the mandible generally 
occurs when the lesion is located close 
to the buccal sulcus or the mylohyoid 
crest, thus bringing the tumor into direct 
proximity to the bone 19. The bone is 
invaded in areas of cortical defects cre¬ 
ated by the fibrous attachment of the 
mucosa or by reactive inflammation 
associated with the tumor6,19,23 . 

These findings suggest that it is justi¬ 
fiable to adopt a more conservative sur¬ 
gical approach, such as marginal resec¬ 
tion, in cases of limited superficial bone 
involvement, thus avoiding aesthetic 
problems and reconstructive difficulties 
in low-risk cases4,12,27. However, when 
evidence of bone-marrow invasion ex¬ 
ists, segmental resection has to be car¬ 
ried out34 . Dubner & Heller 10 did not 
find differences in the recurrence rate of 
130 patients who underwent either seg¬ 
mental or marginal mandibulectomy. 
They found that most recurrences after 
marginal mandibulectomy were in the 
adjacent soft tissues, not in the remain¬ 
ing mandible. 

According to our findings, the pri¬ 
mary tumor site appears to have a strong 
correlation with mandibular invasion. 
Of the five tumor localizations studied, 
tumors located in the retromolar area 
and alveolar ridge were found to in¬ 
volve the bone in a significant number 
of patients (88%). This finding agrees 
with the results of previous studies7,13,36 . 
The strong predilection for bone inva¬ 
sion from tumors located in the retro¬ 

molar zone/alveolar ridge can be ex¬ 
plained by of the fact that early infiltra¬ 
tive growth may easily reach the 2-3 
mm of soft tissue overlying the alveolar 
bone in these cases. As for tumors of the 
floor of the mouth, the high propensity 
for early bone invasion which is re¬ 
ported by Bahadur2 could not be veri¬ 
fied. Carcinomas of the floor of the 
mouth invaded the mandible at a rate of 
52% in our group. The propensity for 
tumors of the buccal mucosa and the 
tongue to infiltrate the bone could not be 
determined because of the low numbers 
in this group. 

A statistical assessment of the corre¬ 
lation of primary tumor size with bone 
infiltration could not be done, due to the 
low number of patients with T1 and T2. 
However, the data presented agree with 
those reported by Weisman & Kimmel-
man37, supporting the view that larger 
tumors pose a greater risk of bone inva¬ 
sion. 
The stage of tumor appears 

(P=0.0003) to be associated with man¬ 
dibular bone involvement. Although it 
is reported2,15,18,21 that only proximity to 
bone, not tumor size or stage, is the de¬ 
termining factor in mandibular involve¬ 
ment, larger tumors theoretically in¬ 
crease the surface area and therefore, 
through “fragile” osseous parts (corti¬ 
cal clefts or microvascular bone chan¬ 
nels), can more easily erode the bony 
surface. Confirmation of this assump¬ 
tion would require a randomized, pro¬ 
spective study of a large group of pa¬ 
tients with Stage IV SCC. 

In this study, differentiation of SCC 
was found to have no bearing on 
whether or not bone was invaded. 
Lund 16 suggests that tumor aggressive¬ 
ness is related to both invasion and cel¬ 
lular differentiation, whereas the pres¬ 
ence of only one of these features is less 
significant. Brown & Browne6 reported 
that tumors with an erosive pattern of 
infiltration tend to be related to grade I 
or II, while those with an invasive pat¬ 
tern are often related to grade III. Corre¬ 
lation of the degree of differentiation 
and infiltration patterns of the tumor has 
not been confirmed by other authors2,15 . 

Bone scanning is sensitive for the de¬ 
tection of occult metastasis in the skele¬ 
ton. The main radiopharmaceutic agent 
is technetium-99m dicarboxy-propane 
diphosphonate (99mTc-DPD). In SCC, 
increased bone turnover occurs, result¬ 
ing in high uptake of "mTc, correspond-
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ing to the “hot spots” on the bone scan. 
Metastatic lesions are usually detected 
by radionuclide bone scan before they 
are detected by conventional plain 
radiographs because the chemical 
changes of a disease process usually oc¬ 
cur before anatomic changes. Such 
chemical changes inducing bone reac¬ 
tion are detectable by radionuclide 
• • 22 imaging . 

The results on the value of BS for the 
detection of early mandibular invasion 
agree with the results of other studies 1-

5.7,11.13.17,27.37, incjicatjng high sensitivity. 
However, there were many (52%) false¬ 
positive results. 

The present study found the predicta¬ 
bility and reliability of CT scans in as¬ 
sessment of invasion of the mandible to 
be unsatisfactory. A false-negative rate 
of 22% was found, in comparison with 
an average of 12.5% reported in other 
studies2'7,9,29. Only Brown et al.7 re¬ 
ported a higher incidence of 28% false¬ 
negative results in CT scans. Although 
CT scans can help to estimate the size of 
the primary tumor and the nodal status, 
their value in the detection of early in¬ 
vasion of the mandible seems to be lim¬ 
ited. Artifacts, especially in the coronal 
planes, due to dental restorations, and 
failure to assess accurately the area of 
the inner cortex of the mandible due to 
its irregular shape make it difficult to 
draw conclusions. 

Tumor delineation by MRI was used 
only in selected cases and mainly for the 
estimation of soft-tissue invasion. 
Brown et al.7 reported a false-negative 
rate of only 6% for predictability of 
bone invasion. However, Tsue et al. 36 
found MRI scans to be less accurate 
than CT scans in determining cortex in¬ 
volvement and bone-marrow invasion. 
These controversial reports indicate the 
need for further study of this more 
costly imaging modality in assessing 
bony invasion. 

According to the results of the 
present study and information from the 
available literature, bone scanning still 
seems to be the most sensitive method 
for detection of early invasion of SCC 
in the mandible. According to Noyek22 

and Bergstedt et al.5, virtually no false¬ 
positive results should be obtained and a 
distinction should be possible between 
cancers that involve the soft tissues and 
those that erode the mandible by com¬ 
paring early and delayed uptake. These 
authors also state that the errors in inter¬ 

pretation of the integrity of the mandi¬ 
ble are largely due to failure of careful 
correlation between clinical findings 
and areas of abnormal activity on the 
scan. Although this statement has been 
disputed by several authors 15,19,37, we 
believe that, with cautious correlation 
with the clinical features, at least misin¬ 
terpretation because of periapical or 
pericoronal inflammatory disease 
should be avoidable. 

As far as patients who have received 
radiation are concerned, the assessment 
of the mandible is particularly difficult, 
either by preoperative diagnostic imag¬ 
ing or clinically. The increased sensitiv¬ 
ity of bone scanning in irradiated pa¬ 
tients is due to the mechanism of radio¬ 
nuclide uptake and the primary effect of 
the irradiation itself. In these patients, 
decisions regarding segmental as op¬ 
posed to marginal mandibulectomy 
should be generally based on the loca¬ 
tion of the tumor, its extent, and the 
presence or absence of induration 
around the mandible29 . 

The statistical method of the study 
addresses the problem of false-positive 
results by allowing for an intermediate 
class of unclear cases. By the decision¬ 
tree approach, the decision, “no bone in¬ 
vasion”, would have been made for 10 
patients (17%) with one error (10%); 
“bone invasion” would have been de¬ 
cided for 29 (48%) with two misclassifi¬ 
cations (7%); and for the remaining 21 
patients (35%), the decision “unclear” 
would have been applied. By use of the 
estimated probabilities of the logistic re¬ 
gression, several decision rules can be 
derived by setting levels. The estimated 
probability was below 0.1 for 13 pa¬ 
tients (22%). If the remaining 47 pa¬ 
tients had been classified positive, the 
PPV would have been 40/47 (85%). All 
22 patients (37%) with estimated proba¬ 
bility higher than 0.9 showed positive 
histologic results (PPV=100%). 
Twenty-five patients (42%), showing 
probability of 0.1-0.9, remained “un¬ 
clear”. If the levels had been set to 25% 
and 75%, only eight (13%) patients 
would have remained unclassified. 
While the “no bone invasion” class 
would have been the same, the class 
with positive results would have con¬ 
tained 39 patients (65%) with only four 
false-positive cases. 

Predictive values, sensitivities, and 
specificities of five prediction rules are 
compared in Fig. 4. As mentioned above, 

scintigraphy exhibited higher negative 
predictive value and higher sensitivity 
than CT. If the estimated probability in 
the logistic regression were cut any¬ 
where between 0.1 and 0.5, the NPV 
would be 93%. However, bone scanning 
with a specificity of only 47% was less 
specific than CT (78%). If mandibular 
invasion were diagnosed only for those 
patients showing positive scintigraphy 
and a high-risk tumor site, the specificity 
would rise to 89% and the PPV to 93%. 
If the decision “further investigation ne¬ 
cessary” were not allowed, one would 
have to assume bony infiltration and the 
decision tree would then coincide with 
the scintigraphic criterion. For the logis¬ 
tic regression, the positive predictive 
value would increase to 85% or 100% if 
only patients with estimated probability 
higher than 0.75 or 0.9, respectively, 
were called positive. The corresponding 
specificity values would be 79% and 
100%. 

In conclusion, bone scanning ap¬ 
peared to be the best predictive imaging 
parameter for bone invasion. When it 
was combined with specific clinical fea¬ 
tures, it provided the best prognostic 
means in most patients (Figs. 5-8). We 
suggest the selection of an intermediate 
group of patients in whom it is not clear 
whether bone infiltration is present and 
who need further examination. The 
“rules” derived from our data set of 60 
patients may have given unduly promis¬ 
ing predictive values. The small number 
of our patient population, however, 
should compel further studies to check 
and refine the procedure. 
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Abstract. The detection in the mandible of early local spreading of adjacent primary 
malignancies poses a difficult problem. A survey of 60 patients suspected of carcino¬ 
matous mandibular infiltration was undertaken, and the most important clinical and 
imaging data were studied. Tumor localization and bone scintigraphy proved to offer 
the most important predictive power. A decision tree and a logistic regression model 
which determines a score function combining these characteristics were designed. 
This decision tree improves the sensitivity and specificity of the preoperative assess¬ 
ment and provides the surgeon with an algorithm for the accurate estimation of early 
mandibular invasion. 
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Oral malignancies constitute approxi¬ 
mately 5% of all malignant neoplasms 
in the body, and the vast majority of 
them (91%) are squamous cell carcino¬ 
mas (SCC)25,30. Early bone invasion is 
of paramount importance when treat¬ 
ment is considered, having also a great 
impact on the survival rate26,35. Inability 
to detect invasion of the tumor in the 
bone may lead to inadequate resection, 
resulting in local recurrence and poten¬ 
tial regional or distant metastasis. The 
incidence of mandibular invasion by 
SCC depends on the size of the primary 
tumor and on the proximity of the tu¬ 
mor to the mandible, the incidence 
ranging from 12% to 56% according to 
various studies2'4'13'18'21'24'31'32'36 . 

Several imaging methods such as 
conventional radiography, computed to¬ 
mography (CT), radionuclide scans, and 
magnetic resonance imaging (MRI) 
have been used to delineate mandibular 
infiltration. All of these methods, how¬ 

ever, seem to have specific limitations, 
and the preoperative assessment of pos¬ 
sible bone infiltration is still based on 
clinical inspection combined with the 
data derived from these imaging meth¬ 
ods. 

Bone scintigraphy (BS) is generally 
regarded as one of the most reliable 
methods of assessment of bone invasion 
and detection of distant osseous meta¬ 
stasis 11,20. Despite the high sensitivity of 
the method in relation to the detection 
of osseous infiltration, BS is associated 
with a high incidence of false-positive 
results due to its unspecificity 13,17,37 . 
Various studies have reported false-pos¬ 
itive and -negative results and discussed 
the implications. 

CT is regarded as a sensitive method 
of assessing primary SCC (size, loca¬ 
tion, spread in the soft tissues, and re¬ 
gional lymph-node metastasis). How¬ 
ever, its ultimate usefulness in the delin¬ 
eation of invasion of SCC in the mandi¬ 

ble remains questionable due to the ir¬ 
regular shape of the mandibular bone 
and the limitations caused by metal den¬ 
tal artifacts9,28 . 

To compare the accuracy of BS and 
CT scanning, we undertook a study in 
which both methods were used in se¬ 
quential order. The results were linked 
with the clinical assessment and the 
histopathologic findings. The aim was 
to develop a protocol allowing precise 
preoperative assessment of possible in¬ 
vasion of SCC in the mandible. 

Material and methods 

The records of 60 patients with oral carci¬ 
noma suspected of mandibular infiltration, 
treated surgically in the Cranio-Maxillofacial 
Surgery Department of the University Hospi¬ 
tal of Zurich, Switzerland, between 1988 and 
1995, were reviewed. The patient population 
consisted of 44 (73%) men and 16 (27%) 
women. The patient age range was 33-83 
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years; the average age was 60.18 years (59 
for men and 64 for women). In 15 patients, 
preoperative radiotherapy was performed. 
The radiation was conventionally fraction¬ 
ated with a total dosis of 50-55 Gy. The 
interim period between radiation and surgery 
was less than 50 days in each case. 

The criteria for inclusion of patients in the 
study were as follows: 
1) primary SCC of the oral cavity adjacent 

to or near the mandible 
2) general medical condition of the patient 

permitting radical tumor surgery. 
The diagnostic presurgical imaging for the 

assessment of mandibular invasion included 
conventional plain radiographs, BS, and CT. 
Whole-body radionuclide bone scanning was 
performed in all patients, by the protocol of 
the Nuclear Medicine Department, with ap¬ 
plication of 500-800 MBq "mTc-DPD (di-
carboxypropane-diphosphonate), while im¬ 
aging was done 3 h later (delayed phase) 
with a high-resolution collimator. The im¬ 
ages were always interpreted independently 
by two observers skilled in nuclear imaging 
interpretation. 

CT data were obtained in 47 patients. CT 
imaging of the suspected mandible was per¬ 
formed according to the standard procedure 
of the Neuroradiology Department, includ¬ 
ing CT scans in two planes (axial and coro¬ 
nal) in contiguous 5-mm slices. In suspected 
invaded bone areas, additional overlapping 
cuts of 3 or even of 1.5 mm were performed. 
Filming was done at both soft-tissue and 
bone-tissue settings. The mandibular area 
suspected of tumor invasion was filmed at 
4000, rather than 2000, window settings, for 
better imaging in cases of minimal bone de¬ 
struction. 

Of the 60 patients, 37 underwent segmen¬ 
tal and 18 marginal resection; in the remain¬ 
ing five patients, a sagittal resection of the 
lingual cortex of the mandible was per¬ 
formed. The specimens were demineralized 
with EDTA and cut in a routine fashion. 

The clinical and imaging parameters in¬ 
cluded the primary tumor localization, stag¬ 
ing and grading of the tumor, radionuclide 
bone-scan evaluation, CT scan data, surgi¬ 
cal treatment, and correlation of the diagnos¬ 
tic findings with the histologic results. Tu¬ 
mors were staged according to the guide¬ 
lines of the TNM system 14. Tumors with pe¬ 
riosteal involvement but intact osseous 
structures were classified as having no bone 
infiltration. 

The dependence of the histologically deter¬ 
mined bone infiltration and each of the pre¬ 
operative variables were statistically tested 
by the chi-square test. To study joint effects of 
several variables for improving their diagnos¬ 
tic value, we devised a decision tree. In the 
first step, the patient population was split into 
two groups according to the variable which 
distinguished best between histologically 
negative and positive results. The division 
was stopped when further steps no longer led 
to improvement, as was the case after two 
steps. The method8 was adapted to optimize 

Fig. 1. Correlation between histologically verified bone infiltration and preoperative predictor 
variables. Shaded areas and numbers above them show number of patients with bone infiltra¬ 
tion in each category of predictors. Total numbers are presented at top and are proportional to 
width of bars. P values refer to chi-square test for independence. 

predictive values and to improve interpreta¬ 
bility. A logistic regression model which pro¬ 
vides an alternative method for the prediction 
of bone infiltration on the basis of several pr¬ 
eoperative characteristics of the patient was 
also submitted. A score function in the form 
of a linear combination of these characteris¬ 
tics was constructed. This function was then 
converted by the so-called logistic transfor¬ 
mation into an estimated probability for any 
patient suspected of bone infiltration. Statisti¬ 

cal calculations were performed by the pro¬ 
gram S/S-Plus. 

Results 

Bone involvement was histologically 
proven in 41 patients (68%), while in 19 
patients (32%) the tumor was in prox¬ 
imity to the bone but without infiltration 
of the cortex. 

Fig. 2. Decision 
tree: branching is 
based statistically 
on two most im¬ 
portant predictive 
factors - scintigra¬ 
phy and tumor lo¬ 
calization. 

fscintigraphy ) 

I 
✓ 
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score= -2.8+3.8*X, +1.5*X2+1.8*X3
Fig. 3. Results of logistic regression. Dots show linear predictor or score (horizontal axis) for 
each patient with and without bone invasion (vertical axis). Line shows how this score is trans¬ 
formed into estimated probability of bone invasion based on three predictors, Xp X2, and X3. 

(well differentiated), grade II (moder¬ 
ately differentiated), and grade III 
(poorly differentiated). Only five (8%) 
of the 60 patients presented with grade I 
lesions; in all of them (100%), mandibu¬ 
lar involvement was confirmed. Of the 
46 (77%) patients with grade II lesions, 
bone infiltration was found in 29 (63%). 
Of the remaining nine (15%) patients 
with poorly differentiated SCO, seven 
(78%) had evident bone infiltration. The 
results, however, were not statistically 
significant (Fig. 1). 

Bone scintigraphy 

Preoperative bone scans were positive 
in 40 (98%) of the 41 patients (Fig. 1). 
In only one (2%) patient was the result 
of bone scanning false-negative; i.e., the 
mandibular destruction was not de-

Localizatlon 

The tumors were localized in five differ¬ 
ent sites, including the retromolar area, 
the alveolar ridge, the floor of the 
mouth, the tongue, and the cheek 
mucosa. The tumors located in the retro¬ 
molar area (17 patients, 28%) all 
showed histologic invasion of tumor in 
the bone (100%). Tumors of the alveo¬ 
lar process were found in 14 patients 
(23%). In 10 (71%) of them, bone inva¬ 
sion was histologically present. SCC in 
the floor of the mouth was present in 21 
(35%) patients. In 11 (52%) of them, 
osseous infiltration was histologically 
evident. There were only five patients 
with SCC localized in the tongue, while 
in three patients, it was in the buccal 
mucosa. In two patients with tongue 
SCC and one with involvement of the 
buccal mucosa, bony invasion was his¬ 
tologically apparent (Fig. 1). 

Nodal infiltration 

On clinical and CT examination, 23 
(38%) of the 60 patients showed no evi¬ 
dence of nodal disease (NO), 23 (38%) 
patients had N1 positive lymph nodes, 
11 (18%) patients were classified as N2, 
and three (5%) patients were classified 
as N3. Ten (43%) patients of the first 
group had histologic evidence of bone 
involvement; in 20 (87%) of the 23 N1 
patients, this was the case. In the N2 
category, bone invasion was present in 
10 (91%) of the 11 patients, but in only 
one patient in the N3 group (Fig. 1). 

Stage 

The relationship between stage of disease 
and bone invasion is presented in Table 1. 
It is evident that bony invasion correlated 
with the higher-stage groups (Fig. 1). 

Grading 

Differentiation of tumor cells was dis¬ 
tributed into three grades 14: grade I 

tected. Increased radionuclide uptake in 
the BS was seen in 10 (52%) of the 
group of the 19 patients without histo¬ 
logically proven mandibular invasion. 
The results obtained with the univariate 
analysis verified the diagnostic accuracy 
and the sensitivity of BS, resulting in a 
negative predictive value (NPV) of 90% 
and a positive predictive value (PPV) of 
80%, due to the incidence of false-posi¬ 
tive findings. 

Table 1. Clinical stage according to TNM system 

Bone invasion, no. of patients 

Stage Criteria No Yes Total 

I TINO 3 1 4 

II T2N0 6 0 6 

in T2Nl,T3N0,T3Nl 2 4 6 

IV All T4 8 36 44 
Any T with N2 or N3 
Any T and N with Ml 

Table 2. Estimated coefficients for logistic model 

Estimate Std. error P value 

Intercept -2.788 1.4017 0.047 
Scintigraphy 3.762 1.4577 0.010 
Site group 1.515 0.6046 0.012 
Stage 4 1.833 0.6265 0.003 

Table 3. Estimated probabilities of bone invasion calculated from logistic model 

_. Low risk High risk 

Tumor stage 1-3 4 1-3 4 

Sc. negative 0.2 7.8 4.3 63.7 
Sc. positive 8.5 78.5 65.8 98.7 
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Fig. 4. Predictive 
values, sensitivi¬ 
ties, and specifici¬ 
ties for scintigra¬ 
phy; for CT; for 
decision tree that 
permits category 
of uncertain deci¬ 
sion (scintigra¬ 
phy and low-risk 
site); and for vari¬ 
ous rules based on 
probability of 
bone invasion es¬ 
timated by logis¬ 
tic regression. 

Computed tomography 

CT data were obtained in 47 patients. 
The imaging findings corresponded 
well with the histopathologic results in 
37 (62%) patients. In 25 patients, man¬ 
dibular invasion was properly diag¬ 
nosed, whereas in 12 who had no histo¬ 
logic evidence of osseous infiltration, 
the results of CT were negative as 
well. There were seven (22%) patients 
in whom CT did not reveal bony ero¬ 
sion while the histology proved to be 
positive. There were only three 
patients with false-positive results 
(Fig. 1). 

Decision tree (Fig. 2) 

To study the joint effects of the several 
variables which might enhance their 
diagnostic value, we devised a decision 
tree based on the two most statistically 
predictive criteria, scintigraphic find-

Fig, 5. Clinical view of exophytic SCC adjacent to alveolar crest of mandible. 
Fig. 6. Bone scan of same patient with increased 99mTc uptake in right mandible, revealing bony invasion. 
Fig. 7. CT scan of same patient showing osteolysis in right premolar region due to tumor invasion of mandible. 
Fig. 8. Histologic findings of resected mandible showing deep penetration of tumor cells into bony structures (HE xlO). 
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ings and tumor localization. Two groups 
were chosen for the sake of simplicity. 
The high-risk group consisted of the 
retromolar area and the alveolar ridge, 
while the floor of the mouth, the tongue, 
and the buccal mucosa formed the low-
risk group. The first decision was based 
on the scintigraphic results. For patients 
with negative bone scanning, the risk of 
osseous infiltration was low (estimated 
at 10%). For patients with positive 
scintigraphy, with a positive predictive 
value (PPV) of 80%, further branching 
helped. In tumors of a high-risk area, 
the PPV increased to 27/29 (93%). For 
patients with positive bone scanning but 
with tumors localized in low-risk areas, 
the prediction was uncertain, as the 
probability of osseous infiltration was 
13/21 (61%). Further diagnostic tests 
were recommended. If this group of 21 
patients had been further divided, 
improved results could have been 
obtained. Eighteen of this group had 
positive or negative CT. Of the nine 
patients with positive CT, only one had 
no bone infiltration, whereas this was 
the case for five of the nine patients with 
negative CT. All four patients with clin¬ 
ical tumor stage less than IV had no 
bone infiltration. 

Logistic regression 

On the basis of the results achieved, a 
logistic regression model, which allows 
one to obtain estimated probabilities of 
bone invasion from several predictive 
variables, was developed. The best 
result was found by using the three 
binary variables: 
Xj=l for patients with positive bone 
scanning; otherwise, X^O 
X2=l for patients with tumor in a high 
risk site; otherwise, X2=0 
X3=for patients with tumor stage IV; 
otherwise, X3=0. 

Estimated coefficients are presented in 
Table 2, while Table 3 shows the esti¬ 
mated probabilities for bone infiltration 
for the eight combinations of the char¬ 
acteristics. 

The results suggest the following hy¬ 
pothesis. Positive bone scanning com¬ 
bined with tumor stage IV entails a very 
high probability of high-risk sites 
(98.7%) and still a high probability 
(78%) of low-risk sites. Patients with 
negative bone scanning have a low risk 
(4.3%) unless they have tumor stage IV 

in high-risk areas. For high-risk sites 
and either tumor stage IV or positive 
bone scanning (but not both), the out¬ 
come remains unclear. Fig. 3 shows the 
correlation between incidence of bone 
invasion and its estimated probability. 

Discussion 

Mandibular invasion is a determining 
factor for treatment planning, and it also 
affects the prognosis of the disease. 
Invasion of the bone by direct extension 
of an adjacent carcinoma which pene¬ 
trates the thin mucosal layer of the alve¬ 
olar ridge is the most common route of 
mandibular infiltration 18,19 . Brown & 
Browne6 emphasize that the attached 
mucosa is the main potential route of 
tumor entry because of the lack of peri¬ 
osteum in this area of the mandible. 
Invasion by involvement of deeper tis¬ 
sues and secondary extension through 
the periosteum is rare 18. Early tumor 
invasion of the mandible generally 
occurs when the lesion is located close 
to the buccal sulcus or the mylohyoid 
crest, thus bringing the tumor into direct 
proximity to the bone 19. The bone is 
invaded in areas of cortical defects cre¬ 
ated by the fibrous attachment of the 
mucosa or by reactive inflammation 
associated with the tumor6,19,23 . 

These findings suggest that it is justi¬ 
fiable to adopt a more conservative sur¬ 
gical approach, such as marginal resec¬ 
tion, in cases of limited superficial bone 
involvement, thus avoiding aesthetic 
problems and reconstructive difficulties 
in low-risk cases4,12,27. However, when 
evidence of bone-marrow invasion ex¬ 
ists, segmental resection has to be car¬ 
ried out34 . Dubner & Heller 10 did not 
find differences in the recurrence rate of 
130 patients who underwent either seg¬ 
mental or marginal mandibulectomy. 
They found that most recurrences after 
marginal mandibulectomy were in the 
adjacent soft tissues, not in the remain¬ 
ing mandible. 

According to our findings, the pri¬ 
mary tumor site appears to have a strong 
correlation with mandibular invasion. 
Of the five tumor localizations studied, 
tumors located in the retromolar area 
and alveolar ridge were found to in¬ 
volve the bone in a significant number 
of patients (88%). This finding agrees 
with the results of previous studies7,13,36 . 
The strong predilection for bone inva¬ 
sion from tumors located in the retro¬ 

molar zone/alveolar ridge can be ex¬ 
plained by of the fact that early infiltra¬ 
tive growth may easily reach the 2-3 
mm of soft tissue overlying the alveolar 
bone in these cases. As for tumors of the 
floor of the mouth, the high propensity 
for early bone invasion which is re¬ 
ported by Bahadur2 could not be veri¬ 
fied. Carcinomas of the floor of the 
mouth invaded the mandible at a rate of 
52% in our group. The propensity for 
tumors of the buccal mucosa and the 
tongue to infiltrate the bone could not be 
determined because of the low numbers 
in this group. 

A statistical assessment of the corre¬ 
lation of primary tumor size with bone 
infiltration could not be done, due to the 
low number of patients with T1 and T2. 
However, the data presented agree with 
those reported by Weisman & Kimmel-
man37, supporting the view that larger 
tumors pose a greater risk of bone inva¬ 
sion. 
The stage of tumor appears 

(P=0.0003) to be associated with man¬ 
dibular bone involvement. Although it 
is reported2,15,18,21 that only proximity to 
bone, not tumor size or stage, is the de¬ 
termining factor in mandibular involve¬ 
ment, larger tumors theoretically in¬ 
crease the surface area and therefore, 
through “fragile” osseous parts (corti¬ 
cal clefts or microvascular bone chan¬ 
nels), can more easily erode the bony 
surface. Confirmation of this assump¬ 
tion would require a randomized, pro¬ 
spective study of a large group of pa¬ 
tients with Stage IV SCC. 

In this study, differentiation of SCC 
was found to have no bearing on 
whether or not bone was invaded. 
Lund 16 suggests that tumor aggressive¬ 
ness is related to both invasion and cel¬ 
lular differentiation, whereas the pres¬ 
ence of only one of these features is less 
significant. Brown & Browne6 reported 
that tumors with an erosive pattern of 
infiltration tend to be related to grade I 
or II, while those with an invasive pat¬ 
tern are often related to grade III. Corre¬ 
lation of the degree of differentiation 
and infiltration patterns of the tumor has 
not been confirmed by other authors2,15 . 

Bone scanning is sensitive for the de¬ 
tection of occult metastasis in the skele¬ 
ton. The main radiopharmaceutic agent 
is. technetium-99m dicarboxy-propane 
diphosphonate (99mTc-DPD). In SCC, 
increased bone turnover occurs, result¬ 
ing in high uptake of "mTc, correspond-
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ing to the “hot spots” on the bone scan. 
Metastatic lesions are usually detected 
by radionuclide bone scan before they 
are detected by conventional plain 
radiographs because the chemical 
changes of a disease process usually oc¬ 
cur before anatomic changes. Such 
chemical changes inducing bone reac¬ 
tion are detectable by radionuclide 

22 imaging . 
The results on the value of BS for the 

detection of early mandibular invasion 
agree with the results of other studies 1-

5,7,11,13.17.27,37, jncjjca(jng high sensitivity. 
However, there were many (52%) false¬ 
positive results. 

The present study found the predicta¬ 
bility and reliability of CT scans in as¬ 
sessment of invasion of the mandible to 
be unsatisfactory. A false-negative rate 
of 22% was found, in comparison with 
an average of 12.5% reported in other 
studies2,7'9,29. Only Brown et al.7 re¬ 
ported a higher incidence of 28% false¬ 
negative results in CT scans. Although 
CT scans can help to estimate the size of 
the primary tumor and the nodal status, 
their value in the detection of early in¬ 
vasion of the mandible seems to be lim¬ 
ited. Artifacts, especially in the coronal 
planes, due to dental restorations, and 
failure to assess accurately the area of 
the inner cortex of the mandible due to 
its irregular shape make it difficult to 
draw conclusions. 

Tumor delineation by MRI was used 
only in selected cases and mainly for the 
estimation of soft-tissue invasion. 
Brown et al.7 reported a false-negative 
rate of only 6% for predictability of 
bone invasion. However, Tsue et al.36 
found MRI scans to be less accurate 
than CT scans in determining cortex in¬ 
volvement and bone-marrow invasion. 
These controversial reports indicate the 
need for further study of this more 
costly imaging modality in assessing 
bony invasion. 

According to the results of the 
present study and information from the 
available literature, bone scanning still 
seems to be the most sensitive method 
for detection of early invasion of SCC 
in the mandible. According to Noyek22 

and Bergstedt et al.5, virtually no false¬ 
positive results should be obtained and a 
distinction should be possible between 
cancers that involve the soft tissues and 
those that erode the mandible by com¬ 
paring early and delayed uptake. These 
authors also state that the errors in inter¬ 

pretation of the integrity of the mandi¬ 
ble are largely due to failure of careful 
correlation between clinical findings 
and areas of abnormal activity on the 
scan. Although this statement has been 
disputed by several authors 15,19,37, we 
believe that, with cautious correlation 
with the clinical features, at least misin¬ 
terpretation because of periapical or 
pericoronal inflammatory disease 
should be avoidable. 

As far as patients who have received 
radiation are concerned, the assessment 
of the mandible is particularly difficult, 
either by preoperative diagnostic imag¬ 
ing or clinically. The increased sensitiv¬ 
ity of bone scanning in irradiated pa¬ 
tients is due to the mechanism of radio¬ 
nuclide uptake and the primary effect of 
the irradiation itself. In these patients, 
decisions regarding segmental as op¬ 
posed to marginal mandibulectomy 
should be generally based on the loca¬ 
tion of the tumor, its extent, and the 
presence or absence of induration 
around the mandible29 . 

The statistical method of the study 
addresses the problem of false-positive 
results by allowing for an intermediate 
class of unclear cases. By the decision¬ 
tree approach, the decision, “no bone in¬ 
vasion”, would have been made for 10 
patients (17%) with one error (10%); 
“bone invasion” would have been de¬ 
cided for 29 (48%) with two misclassifi¬ 
cations (7%); and for the remaining 21 
patients (35%), the decision “unclear” 
would have been applied. By use of the 
estimated probabilities of the logistic re¬ 
gression, several decision rules can be 
derived by setting levels. The estimated 
probability was below 0.1 for 13 pa¬ 
tients (22%). If the remaining 47 pa¬ 
tients had been classified positive, the 
PPV would have been 40/47 (85%). All 
22 patients (37%) with estimated proba¬ 
bility higher than 0.9 showed positive 
histologic results (PPV=100%). 
Twenty-five patients (42%), showing 
probability of 0.1-0.9, remained “un¬ 
clear”. If the levels had been set to 25% 
and 75%, only eight (13%) patients 
would have remained unclassified. 
While the “no bone invasion” class 
would have been the same, the class 
with positive results would have con¬ 
tained 39 patients (65%) with only four 
false-positive cases. 

Predictive values, sensitivities, and 
specificities of five prediction rules are 
compared in Fig. 4. As mentioned above, 

scintigraphy exhibited higher negative 
predictive value and higher sensitivity 
than CT. If the estimated probability in 
the logistic regression were cut any¬ 
where between 0.1 and 0.5, the NPV 
would be 93%. However, bone scanning 
with a specificity of only 47% was less 
specific than CT (78%). If mandibular 
invasion were diagnosed only for those 
patients showing positive scintigraphy 
and a high-risk tumor site, the specificity 
would rise to 89% and the PPV to 93%. 
If the decision “further investigation ne¬ 
cessary” were not allowed, one would 
have to assume bony infiltration and the 
decision tree would then coincide with 
the scintigraphic criterion. For the logis¬ 
tic regression, the positive predictive 
value would increase to 85% or 100% if 
only patients with estimated probability 
higher than 0.75 or 0.9, respectively, 
were called positive. The corresponding 
specificity values would be 79% and 
100%. 

In conclusion, bone scanning ap¬ 
peared to be the best predictive imaging 
parameter for bone invasion. When it 
was combined with specific clinical fea¬ 
tures, it provided the best prognostic 
means in most patients (Figs. 5-8). We 
suggest the selection of an intermediate 
group of patients in whom it is not clear 
whether bone infiltration is present and 
who need further examination. The 
“rules” derived from our data set of 60 
patients may have given unduly promis¬ 
ing predictive values. The small number 
of our patient population, however, 
should compel further studies to check 
and refine the procedure. 
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Correlation of imaging and 
clinical features in the 
assessment of mandibular 
invasion of oral carcinomas 
N. D. Kalavrezos, K. VE Grätz, H. F. Sailer, W. A. Stahel: Correlation of imaging and 
clinical features in the assessment of mandibular invasion of oral carcinomas. Int. J. 
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Abstract. The detection in the mandible of early local spreading of adjacent primary 
malignancies poses a difficult problem. A survey of 60 patients suspected of carcino¬ 
matous mandibular infiltration was undertaken, and the most important clinical and 
imaging data were studied. Tumor localization and bone scintigraphy proved to offer 
the most important predictive power. A decision tree and a logistic regression model 
which determines a score function combining these characteristics were designed. 
This decision tree improves the sensitivity and specificity of the preoperative assess¬ 
ment and provides the surgeon with an algorithm for the accurate estimation of early 
mandibular invasion. 

Oral malignancies constitute approxi¬ 
mately 5% of all malignant neoplasms 
in the body, and the vast majority of 
them (91%) are squamous cell carcino¬ 
mas (SCC)25,30. Early bone invasion is 
of paramount importance when treat¬ 
ment is considered, having also a great 
impact on the survival rate26,35. Inability 
to detect invasion of the tumor in the 
bone may lead to inadequate resection, 
resulting in local recurrence and poten¬ 
tial regional or distant metastasis. The 
incidence of mandibular invasion by 
SCC depends on the size of the primary 
tumor and on the proximity of the tu¬ 
mor to the mandible, the incidence 
ranging from 12% to 56% according to 
various studies2,4,13,18,21,24,31 '32-36 . 

Several imaging methods such as 
conventional radiography, computed to¬ 
mography (CT), radionuclide scans, and 
magnetic resonance imaging (MRI) 
have been used to delineate mandibular 
infiltration. All of these methods, how¬ 

ever, seem to have specific limitations, 
and the preoperative assessment of pos¬ 
sible bone infiltration is still based on 
clinical inspection combined with the 
data derived from these imaging meth¬ 
ods. 

Bone scintigraphy (BS) is generally 
regarded as one of the most reliable 
methods of assessment of bone invasion 
and detection of distant osseous meta¬ 
stasis 11,20. Despite the high sensitivity of 
the method in relation to the detection 
of osseous infiltration, BS is associated 
with a high incidence of false-positive 
results due to its unspecificity 13,17,37 . 
Various studies have reported false-pos¬ 
itive and -negative results and discussed 
the implications. 

CT is regarded as a sensitive method 
of assessing primary SCC (size, loca¬ 
tion, spread in the soft tissues, and re¬ 
gional lymph-node metastasis). How¬ 
ever, its ultimate usefulness in the delin¬ 
eation of invasion of SCC in the mandi-
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ble remains questionable due to the ir¬ 
regular shape of the mandibular bone 
and the limitations caused by metal den¬ 
tal artifacts9,28 . 

To compare the accuracy of BS and 
CT scanning, we undertook a study in 
which both methods were used in se¬ 
quential order. The results were linked 
with the clinical assessment and the 
histopathologic findings. The aim was 
to develop a protocol allowing precise 
preoperative assessment of possible in¬ 
vasion of SCC in the mandible. 

Material and methods 

The records of 60 patients with oral carci¬ 
noma suspected of mandibular infiltration, 
treated surgically in the Cranio-Maxillofacial 
Surgery Department of the University Hospi¬ 
tal of Zurich, Switzerland, between 1988 and 
1995, were reviewed. The patient population 
consisted of 44 (73%) men and 16 (27%) 
women. The patient age range was 33-83 
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years; the average age was 60.18 years (59 
for men and 64 for women). In 15 patients, 
preoperative radiotherapy was performed. 
The radiation was conventionally fraction¬ 
ated with a total dosis of 50-55 Gy. The 
interim period between radiation and surgery 
was less than 50 days in each case. 

The criteria for inclusion of patients in the 
study were as follows: 
1) primary SCC of the oral cavity adjacent 

to or near the mandible 
2) general medical condition of the patient 

permitting radical tumor surgery. 
The diagnostic presurgical imaging for the 

assessment of mandibular invasion included 
conventional plain radiographs, BS, and CT. 
Whole-body radionuclide bone scanning was 
performed in all patients, by the protocol of 
the Nuclear Medicine Department, with ap¬ 
plication of 500-800 MBq "mTc-DPD (di-
carboxypropane-diphosphonate), while im¬ 
aging was done 3 h later (delayed phase) 
with a high-resolution collimator. The im¬ 
ages were always interpreted independently 
by two observers skilled in nuclear imaging 
interpretation. 

CT data were obtained in 47 patients. CT 
imaging of the suspected mandible was per¬ 
formed according to the standard procedure 
of the Neuroradiology Department, includ¬ 
ing CT scans in two planes (axial and coro¬ 
nal) in contiguous 5-mm slices. In suspected 
invaded bone areas, additional overlapping 
cuts of 3 or even of 1.5 mm were performed. 
Filming was done at both soft-tissue and 
bone-tissue settings. The mandibular area 
suspected of tumor invasion was filmed at 
4000, rather than 2000, window settings, for 
better imaging in cases of minimal bone de¬ 
struction. 

Of the 60 patients, 37 underwent segmen¬ 
tal and 18 marginal resection; in the remain¬ 
ing five patients, a sagittal resection of the 
lingual cortex of the mandible was per¬ 
formed. The specimens were demineralized 
with EDTA and cut in a routine fashion. 

The clinical and imaging parameters in¬ 
cluded the primary tumor localization, stag¬ 
ing and grading of the tumor, radionuclide 
bone-scan evaluation, CT scan data, surgi¬ 
cal treatment, and correlation of the diagnos¬ 
tic findings with the histologic results. Tu¬ 
mors were staged according to the guide¬ 
lines of the TNM system 14. Tumors with pe¬ 
riosteal involvement but intact osseous 
structures were classified as having no bone 
infiltration. 

The dependence of the histologically deter¬ 
mined bone infiltration and each of the pre¬ 
operative variables were statistically tested 
by the chi-square test. To study joint effects of 
several variables for improving their diagnos¬ 
tic value, we devised a decision tree. In the 
first step, the patient population was split into 
two groups according to the variable which 
distinguished best between histologically 
negative and positive results. The division 
was stopped when further steps no longer led 
to improvement, as was the case after two 
steps. The method8 was adapted to optimize 

N1 N2 N3 N4 negative positive 

I II III IV negative positive 

Fig. 7. Correlation between histologically verified bone infiltration and preoperative predictor 
variables. Shaded areas and numbers above them show number of patients with bone infiltra¬ 
tion in each category of predictors. Total numbers are presented at top and are proportional to 
width of bars. P values refer to chi-square test for independence. 

predictive values and to improve interpreta¬ 
bility. A logistic regression model which pro¬ 
vides an alternative method for the prediction 
of bone infiltration on the basis of several pr¬ 
eoperative characteristics of the patient was 
also submitted. A score function in the form 
of a linear combination of these characteris¬ 
tics was constructed. This function was then 
converted by the so-called logistic transfor¬ 
mation into an estimated probability for any 
patient suspected of bone infiltration. Statisti¬ 

cal calculations were performed by the pro¬ 
gram S/S-Plus. 

Results 

Bone involvement was histologically 
proven in 41 patients (68%), while in 19 
patients (32%) the tumor was in prox¬ 
imity to the bone but without infiltration 
of the cortex. 

Fig. 2. Decision 
tree: branching is 
based statistically 
on two most im¬ 
portant predictive 
factors - scintigra¬ 
phy and tumor lo¬ 
calization. 

( scintigraphy ) 
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score= -2.8+3.8*X! +1.5*X2+1.8*X3
Fig. 3. Results of logistic regression. Dots show linear predictor or score (horizontal axis) for 
each patient with and without bone invasion (vertical axis). Line shows how this score is trans¬ 
formed into estimated probability of bone invasion based on three predictors, Xh X2, and X3. 

(well differentiated), grade II (moder¬ 
ately differentiated), and grade III 
(poorly differentiated). Only five (8%) 
of the 60 patients presented with grade I 
lesions; in all of them (100%), mandibu¬ 
lar involvement was confirmed. Of the 
46 (77%) patients with grade II lesions, 
bone infiltration was found in 29 (63%). 
Of the remaining nine (15%) patients 
with poorly differentiated SCC, seven 
(78%) had evident bone infiltration. The 
results, however, were not statistically 
significant (Fig. 1). 

Bone scintigraphy 

Preoperative bone scans were positive 
in 40 (98%) of the 41 patients (Fig. 1). 
In only one (2%) patient was the result 
of bone scanning false-negative; i.e., the 
mandibular destruction was not de¬ 

Localization 

The tumors were localized in five differ¬ 
ent sites, including the retromolar area, 
the alveolar ridge, the floor of the 
mouth, the tongue, and the cheek 
mucosa. The tumors located in the retro¬ 
molar area (17 patients, 28%) all 
showed histologic invasion of tumor in 
the bone (100%). Tumors of the alveo¬ 
lar process were found in 14 patients 
(23%). In 10 (71%) of them, bone inva¬ 
sion was histologically present. SCC in 
the floor of the mouth was present in 21 
(35%) patients. In 11 (52%) of them, 
osseous infiltration was histologically 
evident. There were only five patients 
with SCC localized in the tongue, while 
in three patients, it was in the buccal 
mucosa. In two patients with tongue 
SCC and one with involvement of the 
buccal mucosa, bony invasion was his¬ 
tologically apparent (Fig. 1). 

Nodal infiltration 

On clinical and CT examination, 23 
(38%) of the 60 patients showed no evi¬ 
dence of nodal disease (NO), 23 (38%) 
patients had N1 positive lymph nodes, 
11 (18%) patients were classified as N2, 
and three (5%) patients were classified 
as N3. Ten (43%) patients of the first 
group had histologic evidence of bone 
involvement; in 20 (87%) of the 23 N1 
patients, this was the case. In the N2 
category, bone invasion was present in 
10 (91%) of the 11 patients, but in only 
one patient in the N3 group (Fig. 1). 

Stage 

The relationship between stage of disease 
and bone invasion is presented in Table 1. 
It is evident that bony invasion correlated 
with the higher-stage groups (Fig. 1). 

Grading 

Differentiation of tumor cells was dis¬ 
tributed into three grades 14: grade I 

tected. Increased radionuclide uptake in 
the BS was seen in 10 (52%) of the 
group of the 19 patients without histo¬ 
logically proven mandibular invasion. 
The results obtained with the univariate 
analysis verified the diagnostic accuracy 
and the sensitivity of BS, resulting in a 
negative predictive value (NPV) of 90% 
and a positive predictive value (PPV) of 
80%, due to the incidence of false-posi¬ 
tive findings. 

Table 1. Clinical stage according to TNM system 

Bone invasion, no. of patients 

Stage Criteria No Yes Total 

I TINO 3 1 4 

II T2N0 6 0 6 

III T^l, T3N0, T3N1 2 4 6' 

IV All T4 8 36 44 
Any T with N2 or N3 
Any T and N with M1 

Table 2. Estimated coefficients for logistic model 

Estimate Std. error P value 

Intercept -2.788 1.4017 0.047 
Scintigraphy 3.762 1.4577 0.010 
Site group 1.515 0.6046 0.012 
Stage 4 1.833 0.6265 0.003 

Table 3. Estimated probabilities of bone invasion calculated from logistic model 

Low risk High risk 

Tumor stage 1-3 4 1-3 4 

Sc. negative 0.2 7.8 4.3 63.7 
Sc. positive 8.5 78.5 65.8 98.7 
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NPV 

PPV 

PPV 

sensi¬ 
tivity 

speci¬ 
ficity 
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Computed tomography 

Fig. 4. Predictive 
values, sensitivi¬ 
ties, and specifici¬ 
ties for scintigra¬ 
phy; for CT; for 
decision tree that 
permits category 
of uncertain deci¬ 
sion (scintigra¬ 
phy and low-risk 
site); and for vari¬ 
ous rules based on 
probability of 
bone invasion es¬ 
timated by logis¬ 
tic regression. 

CT data were obtained in 47 patients. 
The imaging findings corresponded 
well with the histopathologic results in 
37 (62%) patients. In 25 patients, man¬ 
dibular invasion was properly diag¬ 
nosed, whereas in 12 who had no histo¬ 
logic evidence of osseous infiltration, 
the results of CT were negative as 
well. There were seven (22%) patients 
in whom CT did not reveal bony ero¬ 
sion while the histology proved to be 
positive. There were only three 
patients with false-positive results 
(Fig. 1). 

Decision tree (Fig. 2) 

To study the joint effects of the several 
variables which might enhance their 
diagnostic value, we devised a decision 
tree based on the two most statistically 
predictive criteria, scintigraphic find-

a links LATERAL 

Fig. 5. Clinical view of exophytic SCC adjacent to alveolar crest of mandible. 
Fig. 6. Bone scan of same patient with increased "mTc uptake in right mandible, revealing bony invasion. 
Fig. 7. CT scan of same patient showing osteolysis in right premolar region due to tumor invasion of mandible. 
Fig. 8. Histologic findings of resected mandible showing deep penetration of tumor cells into bony structures (HE xlO). 
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ings and tumor localization. Two groups 
were chosen for the sake of simplicity. 
The high-risk group consisted of the 
retromolar area and the alveolar ridge, 
while the floor of the mouth, the tongue, 
and the buccal mucosa formed the low-
risk group. The first decision was based 
on the scintigraphic results. For patients 
with negative bone scanning, the risk of 
osseous infiltration was low (estimated 
at 10%). For patients with positive 
scintigraphy, with a positive predictive 
value (PPV) of 80%, further branching 
helped. In tumors of a high-risk area, 
the PPV increased to 27/29 (93%). For 
patients with positive bone scanning but 
with tumors localized in low-risk areas, 
the prediction was uncertain, as the 
probability of osseous infiltration was 
13/21 (61%). Further diagnostic tests 
were recommended. If this group of 21 
patients had been further divided, 
improved results could have been 
obtained. Eighteen of this group had 
positive or negative CT. Of the nine 
patients with positive CT, only one had 
no bone infiltration, whereas this was 
the case for five of the nine patients with 
negative CT. All four patients with clin¬ 
ical tumor stage less than IV had no 
bone infiltration. 

Logistic regression 

On the basis of the results achieved, a 
logistic regression model, which allows 
one to obtain estimated probabilities of 
bone invasion from several predictive 
variables, was developed. The best 
result was found by using the three 
binary variables: 
Xj=l for patients with positive bone 
scanning; otherwise, X]=0 
X2=l for patients with tumor in a high 
risk site; otherwise, X2=0 
X3=for patients with tumor stage IV; 
otherwise, X3=0. 

Estimated coefficients are presented in 
Table 2, while Table 3 shows the esti¬ 
mated probabilities for bone infiltration 
for the eight combinations of the char¬ 
acteristics. 

The results suggest the following hy¬ 
pothesis. Positive bone scanning com¬ 
bined with tumor stage IV entails a very 
high probability of high-risk sites 
(98.7%) and still a high probability 
(78%) of low-risk sites. Patients with 
negative bone scanning have a low risk 
(4.3%) unless they have tumor stage IV 

in high-risk areas. For high-risk sites 
and either tumor stage IV or positive 
bone scanning (but not both), the out¬ 
come remains unclear. Fig. 3 shows the 
correlation between incidence of bone 
invasion and its estimated probability. 

Discussion 

Mandibular invasion is a determining 
factor for treatment planning, and it also 
affects the prognosis of the disease. 
Invasion of the bone by direct extension 
of an adjacent carcinoma which pene¬ 
trates the thin mucosal layer of the alve¬ 
olar ridge is the most common route of 
mandibular infiltration 18,19 . Brown & 
Browne6 emphasize that the attached 
mucosa is the main potential route of 
tumor entry because of the lack of peri¬ 
osteum in this area of the mandible. 
Invasion by involvement of deeper tis¬ 
sues and secondary extension through 
the periosteum is rare 18. Early tumor 
invasion of the mandible generally 
occurs when the lesion is located close 
to the buccal sulcus or the mylohyoid 
crest, thus bringing the tumor into direct 
proximity to the bone 19. The bone is 
invaded in areas of cortical defects cre¬ 
ated by the fibrous attachment of the 
mucosa or by reactive inflammation 
associated with the tumor6,19,23 . 

These findings suggest that it is justi¬ 
fiable to adopt a more conservative sur¬ 
gical approach, such as marginal resec¬ 
tion, in cases of limited superficial bone 
involvement, thus avoiding aesthetic 
problems and reconstructive difficulties 
in low-risk cases4,12,27. However, when 
evidence of bone-marrow invasion ex¬ 
ists, segmental resection has to be car¬ 
ried out34 . Dübner & Heller 10 did not 
find differences in the recurrence rate of 
130 patients who underwent either seg¬ 
mental or marginal mandibulectomy. 
They found that most recurrences after 
marginal mandibulectomy were in the 
adjacent soft tissues, not in the remain¬ 
ing mandible. 

According to our findings, the pri¬ 
mary tumor site appears to have a strong 
correlation with mandibular invasion. 
Of the five tumor localizations studied, 
tumors located in the retromolar area 
and alveolar ridge were found to in¬ 
volve the bone in a significant number 
of patients (88%). This finding agrees 
with the results of previous studies7,13,36 . 
The strong predilection for bone inva¬ 
sion from tumors located in the retro¬ 

molar zone/alveolar ridge can be ex¬ 
plained by of the fact that early infiltra¬ 
tive growth may easily reach the 2-3 
mm of soft tissue overlying the alveolar 
bone in these cases. As for tumors of the 
floor of the mouth, the high propensity 
for early bone invasion which is re¬ 
ported by Bahadur2 could not be veri¬ 
fied. Carcinomas of the floor of the 
mouth invaded the mandible at a rate of 
52% in our group. The propensity for 
tumors of the buccal mucosa and the 
tongue to infiltrate the bone could not be 
determined because of the low numbers 
in this group. 

A statistical assessment of the corre¬ 
lation of primary tumor size with bone 
infiltration could not be done, due to the 
low number of patients with T1 and T2. 
However, the data presented agree with 
those reported by Weisman & Kimmel-
man37, supporting the view that larger 
tumors pose a greater risk of bone inva¬ 
sion. 
The stage of tumor appears 

(P=0.0003) to be associated with man¬ 
dibular bone involvement. Although it 
is reported2,15,18,21 that only proximity to 
bone, not tumor size or stage, is the de¬ 
termining factor in mandibular involve¬ 
ment, larger tumors theoretically in¬ 
crease the surface area and therefore, 
through “fragile” osseous parts (corti¬ 
cal clefts or microvascular bone chan¬ 
nels), can more easily erode the bony 
surface. Confirmation of this assump¬ 
tion would require a randomized, pro¬ 
spective study of a large group of pa¬ 
tients with Stage IV SCC. 

In this study, differentiation of SCC 
was found to have no bearing on 
whether or not bone was invaded. 
Lund 16 suggests that tumor aggressive¬ 
ness is related to both invasion and cel¬ 
lular differentiation, whereas the pres¬ 
ence of only one of these features is less 
significant. Brown & Browne6 reported 
that tumors with an erosive pattern of 
infiltration tend to be related to grade I 
or II, while those with an invasive pat¬ 
tern are often related to grade III. Corre¬ 
lation of the degree of differentiation 
and infiltration patterns of the tumor has 
not been confirmed by other authors2,15 . 

Bone scanning is sensitive for the de¬ 
tection of occult metastasis in the skele¬ 
ton. The main radiopharmaceutic agent 
is technetium-99m dicarboxy-propane 
diphosphonate ("“Tc-DPD). In SCC, 
increased bone turnover occurs, result¬ 
ing in high uptake of "mTc, correspond-
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ing to the “hot spots” on the bone scan. 
Metastatic lesions are usually detected 
by radionuclide bone scan before they 
are detected by conventional plain 
radiographs because the chemical 
changes of a disease process usually oc¬ 
cur before anatomic changes. Such 
chemical changes inducing bone reac¬ 
tion are detectable by radionuclide 
• • 22 imaging . 

The results on the value of BS for the 
detection of early mandibular invasion 
agree with the results of other studies1" 
5.7.11,13,17,27,37^ indicating high sensitivity. 
However, there were many (52%) false¬ 
positive results. 

The present study found the predicta¬ 
bility and reliability of CT scans in as¬ 
sessment of invasion of the mandible to 
be unsatisfactory. A false-negative rate 
of 22% was found, in comparison with 
an average of 12.5% reported in other 
studies2,7,9’29. Only Brown et al.7 re¬ 
ported a higher incidence of 28% false¬ 
negative results in CT scans. Although 
CT scans can help to estimate the size of 
the primary tumor and the nodal status, 
their value in the detection of early in¬ 
vasion of the mandible seems to be lim¬ 
ited. Artifacts, especially in the coronal 
planes, due to dental restorations, and 
failure to assess accurately the area of 
the inner cortex of the mandible due to 
its irregular shape make it difficult to 
draw conclusions. 

Tumor delineation by MRI was used 
only in selected cases and mainly for the 
estimation of soft-tissue invasion. 
Brown et al.7 reported a false-negative 
rate of only 6% for predictability of 
bone invasion. However, Tsue et al.36 
found MRI scans to be less accurate 
than CT scans in determining cortex in¬ 
volvement and bone-maiTow invasion. 
These controversial reports indicate the 
need for further study of this more 
costly imaging modality in assessing 
bony invasion. 

According to the results of the 
present study and information from the 
available literature, bone scanning still 
seems to be the most sensitive method 
for detection of early invasion of SCC 
in the mandible. According to Noyek22 

and Bergstedt et al.5, virtually no false¬ 
positive results should be obtained and a 
distinction should be possible between 
cancers that involve the soft tissues and 
those that erode the mandible by com¬ 
paring early and delayed uptake. These 
authors also state that the errors in inter¬ 

pretation of the integrity of the mandi¬ 
ble are largely due to failure of careful 
correlation between clinical findings 
and areas of abnormal activity on the 
scan. Although this statement has been 
disputed by several authors 15,19,37, we 
believe that, with cautious correlation 
with the clinical features, at least misin¬ 
terpretation because of periapical or 
pericoronal inflammatory disease 
should be avoidable. 

As far as patients who have received 
radiation are concerned, the assessment 
of the mandible is particularly difficult, 
either by preoperative diagnostic imag¬ 
ing or clinically. The increased sensitiv¬ 
ity of bone scanning in irradiated pa¬ 
tients is due to the mechanism of radio¬ 
nuclide uptake and the primary effect of 
the irradiation itself. In these patients, 
decisions regarding segmental as op¬ 
posed to marginal mandibulectomy 
should be generally based on the loca¬ 
tion of the tumor, its extent, and the 
presence or absence of induration 
around the mandible29 . 

The statistical method of the study 
addresses the problem of false-positive 
results by allowing for an intermediate 
class of unclear cases. By the decision¬ 
tree approach, the decision, “no bone in¬ 
vasion”, would have been made for 10 
patients (17%) with one error (10%); 
“bone invasion” would have been de¬ 
cided for 29 (48%) with two misclassifi¬ 
cations (7%); and for the remaining 21 
patients (35%), the decision “unclear” 
would have been applied. By use of the 
estimated probabilities of the logistic re¬ 
gression, several decision rules can be 
derived by setting levels. The estimated 
probability was below 0.1 for 13 pa¬ 
tients (22%). If the remaining 47 pa¬ 
tients had been classified positive, the 
PPV would have been 40/47 (85%). All 
22 patients (37%) with estimated proba¬ 
bility higher than 0.9 showed positive 
histologic results (PPV=100%). 
Twenty-five patients (42%), showing 
probability of 0.1-0.9, remained “un¬ 
clear”. If the levels had been set to 25% 
and 75%, only eight (13%) patients 
would have remained unclassified. 
While the “no bone invasion” class 
would have been the same, the class 
with positive results would have con¬ 
tained 39 patients (65%) With only four 
false-positive cases. 

Predictive values, sensitivities, and 
specificities of five prediction rules are 
compared in Fig. 4. As mentioned above, 

scintigraphy exhibited higher negative 
predictive value and higher sensitivity 
than CT. If the estimated probability in 
the logistic regression were cut any¬ 
where between 0.1 and 0.5, the NPV 
would be 93%. However, bone scanning 
with a specificity of only 47% was less 
specific than CT (78%). If mandibular 
invasion were diagnosed only for those 
patients showing positive scintigraphy 
and a high-risk tumor site, the specificity 
would rise to 89% and the PPV to 93%. 
If the decision “further investigation ne¬ 
cessary” were not allowed, one would 
have to assume bony infiltration and the 
decision tree would then coincide with 
the scintigraphic criterion. For the logis¬ 
tic regression, the positive predictive 
value would increase to 85% or 100% if 
only patients with estimated probability 
higher than 0.75 or 0.9, respectively, 
were called positive. The corresponding 
specificity values would be 79% and 
100%. 

In conclusion, bone scanning ap¬ 
peared to be the best predictive imaging 
parameter for bone invasion. When it 
was combined with specific clinical fea¬ 
tures, it provided the best prognostic 
means in most patients (Figs. 5-8). We 
suggest the selection of an intermediate 
group of patients in whom it is not clear 
whether bone infiltration is present and 
who need further examination. The 
“rules” derived from our data set of 60 
patients may have given unduly promis¬ 
ing predictive values. The small number 
of our patient population, however, 
should compel further studies to check 
and refine the procedure. 
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Correlation of imaging and 
clinical features in the 
assessment of mandibular 
invasion of oral carcinomas 
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Abstract. The detection in the mandible of early local spreading of adjacent primary 
malignancies poses a difficult problem. A survey of 60 patients suspected of carcino¬ 
matous mandibular infiltration was undertaken, and the most important clinical and 
imaging data were studied. Tumor localization and bone scintigraphy proved to offer 
the most important predictive power. A decision tree and a logistic regression model 
which determines a score function combining these characteristics were designed. 
This decision tree improves the sensitivity and specificity of the preoperative assess¬ 
ment and provides the surgeon with an algorithm for the accurate estimation of early 
mandibular invasion. 

Oral malignancies constitute approxi¬ 
mately 5% of all malignant neoplasms 
in the body, and the vast majority of 
them (91%) are squamous cell carcino¬ 
mas (SCC)25,30. Early bone invasion is 
of paramount importance when treat¬ 
ment is considered, having also a great 
impact on the survival rate26,35. Inability 
to detect invasion of the tumor in the 
bone may lead to inadequate resection, 
resulting in local recurrence and poten¬ 
tial regional or distant metastasis. The 
incidence of mandibular invasion by 
SCC depends on the size of the primary 
tumor and on the proximity of the tu¬ 
mor to the mandible, the incidence 
ranging from 12% to 56% according to 
various studies2,4,13,18,21,24,31,32,36 . 

Several imaging methods such as 
conventional radiography, computed to¬ 
mography (CT), radionuclide scans, and 
magnetic resonance imaging (MRI) 
have been used to delineate mandibular 
infiltration. All of these methods, how¬ 

ever, seem to have specific limitations, 
and the preoperative assessment of pos¬ 
sible bone infiltration is still based on 
clinical inspection combined with the 
data derived from these imaging meth¬ 
ods. 

Bone scintigraphy (BS) is generally 
regarded as one of the most reliable 
methods of assessment of bone invasion 
and detection of distant osseous meta¬ 
stasis 11,20. Despite the high sensitivity of 
the method in relation to the detection 
of osseous infiltration, BS is associated 
with a high incidence of false-positive 
results due to its unspecificity 13,17,37 . 
Various studies have reported false-pos¬ 
itive and -negative results and discussed 
the implications. 

CT is regarded as a sensitive method 
of assessing primary SCC (size, loca¬ 
tion, spread in the soft tissues, and re¬ 
gional lymph-node metastasis). How¬ 
ever, its ultimate usefulness in the delin¬ 
eation of invasion of SCC in the mandi-

Intemationaljournal of 

Oral Sc 
Maxillofacial Surgery 

ISSN 0901-5027 

Oncology 

N. D. Kalavrezos1, K. W. Grätz1, 
H. F. Sailer1, W. A. Stahel2
’Department of Cranio-Maxillofacial Surgery, 
University Hospital, Zurich; 2Seminar for 
Statistics, Swiss Federal Institute of 
Technology (ETH), Zurich, Switzerland 

Key words: bone scintigraphy; computed 
tomography; tumor localization; logistic 
regression; prediction. 

Accepted for publication 12 June 1996 

ble remains questionable due to the ir¬ 
regular shape of the mandibular bone 
and the limitations caused by metal den¬ 
tal artifacts9,28 . 

To compare the accuracy of BS and 
CT scanning, we undertook a study in 
which both methods were used in se¬ 
quential order. The results were linked 
with the clinical assessment and the 
histopathologic findings. The aim was 
to develop a protocol allowing precise 
preoperative assessment of possible in¬ 
vasion of SCC in the mandible. 

Material and methods 

The records of 60 patients with oral carci¬ 
noma suspected of mandibular infiltration, 
treated surgically in the Cranio-Maxillofacial 
Surgery Department of the University Hospi¬ 
tal of Zurich, Switzerland, between 1988 and 
1995, were reviewed. The patient population 
consisted of 44 (73%) men and 16 (27%) 
women. The patient age range was 33-83 
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years; the average age was 60.18 years (59 
for men and 64 for women). In 15 patients, 
preoperative radiotherapy was performed. 
The radiation was conventionally fraction¬ 
ated with a total dosis of 50-55 Gy. The 
interim period between radiation and surgery 
was less than 50 days in each case. 

The criteria for inclusion of patients in the 
study were as follows: 
1) primary SCC of the oral cavity adjacent 

to or near the mandible 
2) general medical condition of the patient 

permitting radical tumor surgery. 
The diagnostic presurgical imaging for the 

assessment of mandibular invasion included 
conventional plain radiographs, BS, and CT. 
Whole-body radionuclide bone scanning was 
performed in all patients, by the protocol of 
the Nuclear Medicine Department, with ap¬ 
plication of 500-800 MBq "mTc-DPD (di-
carboxypropane-diphosphonate), while im¬ 
aging was done 3 h later (delayed phase) 
with a high-resolution collimator. The im¬ 
ages were always interpreted independently 
by two observers skilled in nuclear imaging 
interpretation. 

CT data were obtained in 47 patients. CT 
imaging of the suspected mandible was per¬ 
formed according to the standard procedure 
of the Neuroradiology Department, includ¬ 
ing CT scans in two planes (axial and coro¬ 
nal) in contiguous 5-mm slices. In suspected 
invaded bone areas, additional overlapping 
cuts of 3 or even of 1.5 mm were performed. 
Filming was done at both soft-tissue and 
bone-tissue settings. The mandibular area 
suspected of tumor invasion was filmed at 
4000, rather than 2000, window settings, for 
better imaging in cases of minimal bone de¬ 
struction. 

Of the 60 patients, 37 underwent segmen¬ 
tal and 18 marginal resection; in the remain¬ 
ing five patients, a sagittal resection of the 
lingual cortex of the mandible was per¬ 
formed. The specimens were demineralized 
with EDTA and cut in a routine fashion. 

The clinical and imaging parameters in¬ 
cluded the primary tumor localization, stag¬ 
ing and grading of the tumor, radionuclide 
bone-scan evaluation, CT scan data, surgi¬ 
cal treatment, and correlation of the diagnos¬ 
tic findings with the histologic results. Tu¬ 
mors were staged according to the guide¬ 
lines of the TNM system 14. Tumors with pe¬ 
riosteal involvement but intact osseous 
structures were classified as having no bone 
infiltration. 

The dependence of the histologically deter¬ 
mined bone infiltration and each of the pre¬ 
operative variables were statistically tested 
by the chi-square test. To study joint effects of 
several variables for improving their diagnos¬ 
tic value, we devised a decision tree. In the 
first step, the patient population was split into 
two groups according to the variable which 
distinguished best between histologically 
negative and positive results. The division 
was stopped when further steps no longer led 
to improvement, as was the case after two 
steps. The method8 was adapted to optimize 

N1 N2 N3 N4 negative positive 

I II III IV negative positive 

Fig. 1. Correlation between histologically verified bone infiltration and preoperative predictor 
variables. Shaded areas and numbers above them show number of patients with bone infiltra¬ 
tion in each category of predictors. Total numbers are presented at top and are proportional to 
width of bars. P values refer to chi-square test for independence. 

predictive values and to improve interpreta¬ 
bility. A logistic regression model which pro¬ 
vides an alternative method for the prediction 
of bone infiltration on the basis of several pr¬ 
eoperative characteristics of the patient was 
also submitted. A score function in the form 
of a linear combination of these characteris¬ 
tics was constructed. This function was then 
converted by the so-called logistic transfor¬ 
mation into an estimated probability for any 
patient suspected of bone infiltration. Statisti¬ 

cal calculations were performed by the pro¬ 
gram S/S-Plus. 

Results 

Bone involvement was histologically 
proven in 41 patients (68%), while in 19 
patients (32%) the tumor was in prox¬ 
imity to the bone but without infiltration 
of the cortex. 

Fig. 2. Decision 
tree: branching is 
based statistically 
on two most im¬ 
portant predictive 
factors - scintigra¬ 
phy and tumor lo¬ 
calization. 

( scintigraphy ) 
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score= -2.8+3.8*X| +1.5*X2+1.8*X3
Fig. 3. Results of logistic regression. Dots show linear predictor or score (horizontal axis) for 
each patient with and without bone invasion (vertical axis). Line shows how this score is trans¬ 
formed into estimated probability of bone invasion based on three predictors, X,, X2, and X3. 

(well differentiated), grade II (moder¬ 
ately differentiated), and grade III 
(poorly differentiated). Only five (8%) 
of the 60 patients presented with grade I 
lesions; in all of them (100%), mandibu¬ 
lar involvement was confirmed. Of the 
46 (77%) patients with grade II lesions, 
bone infiltration was found in 29 (63%). 
Of the remaining nine (15%) patients 
with poorly differentiated SCC, seven 
(78%) had evident bone infiltration. The 
results, however, were not statistically 
significant (Fig. 1). 

Bone scintigraphy 

Preoperative bone scans were positive 
in 40 (98%) of the 41 patients (Fig. 1). 
In only one (2%) patient was the result 
of bone scanning false-negative; i.e., the 
mandibular destruction was not de¬ 

Localization 

The tumors were localized in five differ¬ 
ent sites, including the retromolar area, 
the alveolar ridge, the floor of the 
mouth, the tongue, and the cheek 
mucosa. The tumors located in the retro¬ 
molar area (17 patients, 28%) all 
showed histologic invasion of tumor in 
the bone (100%). Tumors of the alveo¬ 
lar process were found in 14 patients 
(23%). In 10 (71%) of them, bone inva¬ 
sion was histologically present. SCC in 
the floor of the mouth was present in 21 
(35%) patients. In 11 (52%) of them, 
osseous infiltration was histologically 
evident. There were only five patients 
with SCC localized in the tongue, while 
in three patients, it was in the buccal 
mucosa. In two patients with tongue 
SCC and one with involvement of the 
buccal mucosa, bony invasion was his¬ 
tologically apparent (Fig. 1). 

Nodal infiltration 

On clinical and CT examination, 23 
(38%) of the 60 patients showed no evi¬ 
dence of nodal disease (NO), 23 (38%) 
patients had N1 positive lymph nodes, 
11 (18%) patients were classified as N2, 
and three (5%) patients were classified 
as N3. Ten (43%) patients of the first 
group had histologic evidence of bone 
involvement; in 20 (87%) of the 23 N1 
patients, this was the case. In the N2 
category, bone invasion was present in 
10 (91%) of the 11 patients, but in only 
one patient in the N3 group (Fig. 1). 

Stage 

The relationship between stage of disease 
and bone in vasion is presented in Table 1. 
It is evident that bony invasion correlated 
with the higher-stage groups (Fig. 1). 

Grading 

Differentiation of tumor cells was dis¬ 
tributed into three grades 14: grade I 

tected. Increased radionuclide uptake in 
the BS was seen in 10 (52%) of the 
group of the 19 patients without histo¬ 
logically proven mandibular invasion. 
The results obtained with the univariate 
analysis verified the diagnostic accuracy 
and the sensitivity of BS, resulting in a 
negative predictive value (NPV) of 90% 
and a positive predictive value (PPV) of 
80%, due to the incidence of false-posi¬ 
tive findings. 

Table 1. Clinical stage according to TNM system 

Bone invasion, no. of patients 

Stage Criteria No Yes Total 

I TINO 3 1 4 

II T2N0 6 0 6 

III T2N1,T3NO,T3N1 2 4 6 

IV All T4 8 36 44 
Any T with N2 or N3 
Any T and N with Ml 

Table 2. Estimated coefficients for logistic model 

Estimate Std. error P value 

Intercept -2.788 1.4017 0.047 
Scintigraphy 3.762 1.4577 0.010 
Site group 1.515 0.6046 0.012 
Stage 4 1.833 0.6265 0.003 

Table 3. Estimated probabilities of bone invasion calculated from logistic model 

„. Low risk High risk 

Tumor stage 1-3 4 1-3 4 

Sc. negative 0.2 7.8 4.3 63.7 
Sc. positive 8.5 78.5 65.8 98.7 
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Fig. 4. Predictive 
values, sensitivi¬ 
ties, and specifici¬ 
ties for scintigra¬ 
phy; for CT; for 
decision tree that 
permits category 
of uncertain deci¬ 
sion (scintigra¬ 
phy and low-risk 
site); and for vari¬ 
ous rules based on 
probability of 
bone invasion es¬ 
timated by logis¬ 
tic regression. 

Computed tomography 

CT data were obtained in 47 patients. 
The imaging findings corresponded 
well with the histopathologic results in 
37 (62%) patients. In 25 patients, man¬ 
dibular invasion was properly diag¬ 
nosed, whereas in 12 who had no histo¬ 
logic evidence of osseous infiltration, 
the results of CT were negative as 
well. There were seven (22%) patients 
in whom CT did not reveal bony ero¬ 
sion while the histology proved to be 
positive. There were only three 
patients with false-positive results 
(Fig. 1). 

Decision tree (Fig. 2) 

To study the joint effects of the several 
variables which might enhance their 
diagnostic value, we devised a decision 
tree based on the two most statistically 
predictive criteria, scintigraphic find-

Fig. 5. Clinical view of exophytic SCC adjacent to alveolar crest of mandible. 
Fig. 6. Bone scan of same patient with increased "Tc uptake in right mandible, revealing bony invasion. 
Fig. 7. CT scan of same patient showing osteolysis in right premolar region due to tumor invasion of mandible. 
Fig. 8. Histologic findings of resected mandible showing deep penetration of tumor cells into bony structures (HE X10). 
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ings and tumor localization. Two groups 
were chosen for the sake of simplicity. 
The high-risk group consisted of the 
retromolar area and the alveolar ridge, 
while the floor of the mouth, the tongue, 
and the buccal mucosa formed the low-
risk group. The first decision was based 
on the scintigraphic results. For patients 
with negative bone scanning, the risk of 
osseous infiltration was low (estimated 
at 10%). For patients with positive 
scintigraphy, with a positive predictive 
value (PPV) of 80%, further branching 
helped. In tumors of a high-risk area, 
the PPV increased to 27/29 (93%). For 
patients with positive bone scanning but 
with tumors localized in low-risk areas, 
the prediction was uncertain, as the 
probability of osseous infiltration was 
13/21 (61%). Further diagnostic tests 
were recommended. If this group of 21 
patients had been further divided, 
improved results could have been 
obtained. Eighteen of this group had 
positive or negative CT. Of the nine 
patients with positive CT, only one had 
no bone infiltration, whereas this was 
the case for five of the nine patients with 
negative CT. All four patients with clin¬ 
ical tumor stage less than IV had no 
bone infiltration. 

Logistic regression 

On the basis of the results achieved, a 
logistic regression model, which allows 
one to obtain estimated probabilities of 
bone invasion from several predictive 
variables, was developed. The best 
result was found by using the three 
binary variables: 
X]=l for patients with positive bone 
scanning; otherwise, X^O 
X2=l for patients with tumor in a high 
risk site; otherwise, X2=0 
X3=for patients with tumor stage IV; 
otherwise, X3=0. 

Estimated coefficients are presented in 
Table 2, while Table 3 shows the esti¬ 
mated probabilities for bone infiltration 
for the eight combinations of the char¬ 
acteristics. 

The results suggest the following hy¬ 
pothesis. Positive bone scanning com¬ 
bined with tumor stage IV entails a very 
high probability of high-risk sites 
(98.7%) and still a high probability 
(78%) of low-risk sites. Patients with 
negative bone scanning have a low risk 
(4.3%) unless they have tumor stage IV 

in high-risk areas. For high-risk sites 
and either tumor stage IV or positive 
bone scanning (but not both), the out¬ 
come remains unclear. Fig. 3 shows the 
correlation between incidence of bone 
invasion and its estimated probability. 

Discussion 

Mandibular invasion is a determining 
factor for treatment planning, and it also 
affects the prognosis of the disease. 
Invasion of the bone by direct extension 
of an adjacent carcinoma which pene¬ 
trates the thin mucosal layer of the alve¬ 
olar ridge is the most common route of 
mandibular infiltration 18,19 . Brown & 
Browne6 emphasize that the attached 
mucosa is the main potential route of 
tumor entry because of the lack of peri¬ 
osteum in this area of the mandible. 
Invasion by involvement of deeper tis¬ 
sues and secondary extension through 
the periosteum is rare 18. Early tumor 
invasion of the mandible generally 
occurs when the lesion is located close 
to the buccal sulcus or the mylohyoid 
crest, thus bringing the tumor into direct 
proximity to the bone 19. The bone is 
invaded in areas of cortical defects cre¬ 
ated by the fibrous attachment of the 
mucosa or by reactive inflammation 
associated with the tumor6,19,23 . 

These findings suggest that it is justi¬ 
fiable to adopt a more conservative sur¬ 
gical approach, such as marginal resec¬ 
tion, in cases of limited superficial bone 
involvement, thus avoiding aesthetic 
problems and reconstructive difficulties 
in low-risk cases4,12,27. However, when 
evidence of bone-marrow invasion ex¬ 
ists, segmental resection has to be car¬ 
ried out34 . Dubner & Heller 10 did not 
find differences in the recurrence rate of 
130 patients who underwent either seg¬ 
mental or marginal mandibulectomy. 
They found that most recurrences after 
marginal mandibulectomy were in the 
adjacent soft tissues, not in the remain¬ 
ing mandible. 

According to our findings, the pri¬ 
mary tumor site appears to have a strong 
correlation with mandibular invasion. 
Of the five tumor localizations studied, 
tumors located in the retromolar area 
and alveolar ridge were found to in¬ 
volve the bone in a significant number 
of patients (88%). This finding agrees 
with the results of previous studies7,13,36 . 
The strong predilection for bone inva¬ 
sion from tumors located in the retro¬ 

molar zone/alveolar ridge can be ex¬ 
plained by of the fact that early infiltra¬ 
tive growth may easily reach the 2-3 
mm of soft tissue overlying the alveolar 
bone in these cases. As for tumors of the 
floor of the mouth, the high propensity 
for early bone invasion which is re¬ 
ported by Bahadur2 could not be veri¬ 
fied. Carcinomas of the floor of the 
mouth invaded the mandible at a rate of 
52% in our group. The propensity for 
tumors of the buccal mucosa and the 
tongue to infiltrate the bone could not be 
determined because of the low numbers 
in this group. 

A statistical assessment of the corre¬ 
lation of primary tumor size with bone 
infiltration could not be done, due to the 
low number of patients with T1 and T2. 
However, the data presented agree with 
those reported by Weisman & Kimmel-
man37, supporting the view that larger 
tumors pose a greater risk of bone inva¬ 
sion. 
The stage of tumor appears 

(P=0.0003) to be associated with man¬ 
dibular bone involvement. Although it 
is reported2,15,18,21 that only proximity to 
bone, not tumor size or stage, is the de¬ 
termining factor in mandibular involve¬ 
ment, larger tumors theoretically in¬ 
crease the surface area and therefore, 
through “fragile” osseous parts (corti¬ 
cal clefts or microvascular bone chan¬ 
nels), can more easily erode the bony 
surface. Confirmation of this assump¬ 
tion would require a randomized, pro¬ 
spective study of a large group of pa¬ 
tients with Stage IV SCC. 

In this study, differentiation of SCC 
was found to have no bearing on 
whether or not bone was invaded. 
Lund 16 suggests that tumor aggressive¬ 
ness is related to both invasion and cel¬ 
lular differentiation, whereas the pres¬ 
ence of only one of these features is less 
significant. Brown & Browne6 reported 
that tumors with an erosive pattern of 
infiltration tend to be related to grade I 
or II, while those with an invasive pat¬ 
tern are often related to grade III. Corre¬ 
lation of the degree of differentiation 
and infiltration patterns of the tumor has 
not been confirmed by other authors2,15 . 

Bone scanning is sensitive for the de¬ 
tection of occult metastasis in the skele¬ 
ton. The main radiopharmaceutic agent 
is. technetium-99m dicarboxy-propane 
diphosphonate (99mTc-DPD). In SCC, 
increased bone turnover occurs, result¬ 
ing in high uptake of " nlTc, correspond-
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ing to the “hot spots” on the bone scan. 
Metastatic lesions are usually detected 
by radionuclide bone scan before they 
are detected by conventional plain 
radiographs because the chemical 
changes of a disease process usually oc¬ 
cur before anatomic changes. Such 
chemical changes inducing bone reac¬ 
tion are detectable by radionuclide 
. • 22 imaging . 

The results on the value of BS for the 
detection of early mandibular invasion 
agree with the results of other studies1“ 
5,7,11.13,17.27.37, jn(jica tjng high sensitivity. 
However, there were many (52%) false¬ 
positive results. 

The present study found the predicta¬ 
bility and reliability of CT scans in as¬ 
sessment of invasion of the mandible to 
be unsatisfactory. A false-negative rate 
of 22% was found, in comparison with 
an average of 12.5% reported in other 
studies2,7,9,29. Only Brown et al.7 re¬ 
ported a higher incidence of 28% false¬ 
negative results in CT scans. Although 
CT scans can help to estimate the size of 
the primary tumor and the nodal status, 
their value in the detection of early in¬ 
vasion of the mandible seems to be lim¬ 
ited. Artifacts, especially in the coronal 
planes, due to dental restorations, and 
failure to assess accurately the area of 
the inner cortex of the mandible due to 
its irregular shape make it difficult to 
draw conclusions. 

Tumor delineation by MRI was used 
only in selected cases and mainly for the 
estimation of soft-tissue invasion. 
Brown et al.7 reported a false-negative 
rate of only 6% for predictability of 
bone invasion. However, Tsue et al.36 
found MRI scans to be less accurate 
than CT scans in determining cortex in¬ 
volvement and bone-marrow invasion. 
These controversial reports indicate the 
need for further study of this more 
costly imaging modality in assessing 
bony invasion. 

According to the results of the 
present study and information from the 
available literature, bone scanning still 
seems to be the most sensitive method 
for detection of early invasion of SCC 
in the mandible. According to Noyek22 

and Bergstedt et al.5, virtually no false¬ 
positive results should be obtained and a 
distinction should be possible between 
cancers that involve the soft tissues and 
those that erode the mandible by com¬ 
paring early and delayed uptake. These 
authors also state that the errors in inter¬ 

pretation of the integrity of the mandi¬ 
ble are largely due to failure of careful 
correlation between clinical findings 
and areas of abnormal activity on the 
scan. Although this statement has been 
disputed by several authors 15,19,37, we 
believe that, with cautious correlation 
with the clinical features, at least misin¬ 
terpretation because of periapical or 
pericoronal inflammatory disease 
should be avoidable. 

As far as patients who have received 
radiation are concerned, the assessment 
of the mandible is particularly difficult, 
either by preoperative diagnostic imag¬ 
ing or clinically. The increased sensitiv¬ 
ity of bone scanning in irradiated pa¬ 
tients is due to the mechanism of radio¬ 
nuclide uptake and the primary effect of 
the irradiation itself. In these patients, 
decisions regarding segmental as op¬ 
posed to marginal mandibulectomy 
should be generally based on the loca¬ 
tion of the tumor, its extent, and the 
presence or absence of induration 
around the mandible29 . 

The statistical method of the study 
addresses the problem of false-positive 
results by allowing for an intermediate 
class of unclear cases. By the decision¬ 
tree approach, the decision, “no bone in¬ 
vasion”, would have been made for 10 
patients (17%) with one error (10%); 
“bone invasion” would have been de¬ 
cided for 29 (48%) with two misclassifi¬ 
cations (7%); and for the remaining 21 
patients (35%), the decision “unclear” 
would have been applied. By use of the 
estimated probabilities of the logistic re¬ 
gression, several decision rules can be 
derived by setting levels. The estimated 
probability was below 0.1 for 13 pa¬ 
tients (22%). If the remaining 47 pa¬ 
tients had been classified positive, the 
PPV would have been 40/47 (85%). All 
22 patients (37%) with estimated proba¬ 
bility higher than 0.9 showed positive 
histologic results (PPV=100%). 
Twenty-five patients (42%), showing 
probability of 0.1-0.9, remained “un¬ 
clear”. If the levels had been set to 25% 
and 75%, only eight (13%) patients 
would have remained unclassified. 
While the “no bone invasion” class 
would have been the same, the class 
with positive results would have con¬ 
tained 39 patients (65%) with only four 
false-positive cases. 

Predictive values, sensitivities, and 
specificities of five prediction rules are 
compared in Fig. 4. As mentioned above, 

scintigraphy exhibited higher negative 
predictive value and higher sensitivity 
than CT. If the estimated probability in 
the logistic regression were cut any¬ 
where between 0.1 and 0.5, the NPV 
would be 93%. However, bone scanning 
with a specificity of only 47% was less 
specific than CT (78%). If mandibular 
invasion were diagnosed only for those 
patients showing positive scintigraphy 
and a high-risk tumor site, the specificity 
would rise to 89% and the PPV to 93%. 
If the decision “further investigation ne¬ 
cessary” were not allowed, one would 
have to assume bony infiltration and the 
decision tree would then coincide with 
the scintigraphic criterion. For the logis¬ 
tic regression, the positive predictive 
value would increase to 85% or 100% if 
only patients with estimated probability 
higher than 0.75 or 0.9, respectively, 
were called positive. The corresponding 
specificity values would be 79% and 
100%. 
In conclusion, bone scanning ap¬ 

peared to be the best predictive imaging 
parameter for bone invasion. When it 
was combined with specific clinical fea¬ 
tures, it provided the best prognostic 
means in most patients (Figs. 5-8). We 
suggest the selection of an intermediate 
group of patients in whom it is not clear 
whether bone infiltration is present and 
who need further examination. The 
“rules” derived from our data set of 60 
patients may have given unduly promis¬ 
ing predictive values. The small number 
of our patient population, however, 
should compel further studies to check 
and refine the procedure. 
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Oral malignancies constitute approxi¬ 
mately 5% of all malignant neoplasms 
in the body, and the vast majority of 
them (91%) are squamous cell carcino¬ 
mas (SCC)25,30. Early bone invasion is 
of paramount importance when treat¬ 
ment is considered, having also a great 
impact on the survival rate26’35. Inability 
to detect invasion of the tumor in the 
bone may lead to inadequate resection, 
resulting in local recurrence and poten¬ 
tial regional or distant metastasis. The 
incidence of mandibular invasion by 
SCC depends on the size of the primary 
tumor and on the proximity of the tu¬ 
mor to the mandible, the incidence 
ranging from 12% to 56% according to 
various studies2,4’13’18’21-24’31'32’36 . 

Several imaging methods such as 
conventional radiography, computed to¬ 
mography (CT), radionuclide scans, and 
magnetic resonance imaging (MRI) 
have been used to delineate mandibular 
infiltration. All of these methods, how¬ 

ever, seem to have specific limitations, 
and the preoperative assessment of pos¬ 
sible bone infiltration is still based on 
clinical inspection combined with the 
data derived from these imaging meth¬ 
ods. 

Bone scintigraphy (BS) is generally 
regarded as one of the most reliable 
methods of assessment of bone invasion 
and detection of distant osseous meta¬ 
stasis 11,20. Despite the high sensitivity of 
the method in relation to the detection 
of osseous infiltration, BS is associated 
with a high incidence of false-positive 
results due to its unspecificity 13,17,37 . 
Various studies have reported false-pos¬ 
itive and -negative results and discussed 
the implications. 

CT is regarded as a sensitive method 
of assessing primary SCC (size, loca¬ 
tion, spread in the soft tissues, and re¬ 
gional lymph-node metastasis). How¬ 
ever, its ultimate usefulness in the delin¬ 
eation of invasion of SCC in the mandi¬ 

ble remains questionable due to the ir¬ 
regular shape of the mandibular bone 
and the limitations caused by metal den¬ 
tal artifacts9,28 . 

To compare the accuracy of BS and 
CT scanning, we undertook a study in 
which both methods were used in se¬ 
quential order. The results were linked 
with the clinical assessment and the 
histopathologic findings. The aim was 
to develop a protocol allowing precise 
preoperative assessment of possible in¬ 
vasion of SCC in the mandible. 

Material and methods 

The records of 60 patients with oral carci¬ 
noma suspected of mandibular infiltration, 
treated surgically in the Cranio-Maxillofacial 
Surgery Department of the University Hospi¬ 
tal of Zurich, Switzerland, between 1988 and 
1995, were reviewed. The patient population 
consisted of 44 (73%) men and 16 (27%) 
women. The patient age range was 33-83 
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years; the average age was 60.18 years (59 
for men and 64 for women). In 15 patients, 
preoperative radiotherapy was performed. 
The radiation was conventionally fraction¬ 
ated with a total dosis of 50-55 Gy. The 
interim period between radiation and surgery 
was less than 50 days in each case. 

The criteria for inclusion of patients in the 
study were as follows: 
1) primary SCC of the oral cavity adjacent 

to or near the mandible 
2) general medical condition of the patient 

permitting radical tumor surgery. 
The diagnostic presurgical imaging for the 

assessment of mandibular invasion included 
conventional plain radiographs, BS, and CT. 
Whole-body radionuclide bone scanning was 
performed in all patients, by the protocol of 
the Nuclear Medicine Department, with ap¬ 
plication of 500-800 MBq ’9roTc-DPD (di-
carboxypropane-diphosphonate), while im¬ 
aging was done 3 h later (delayed phase) 
with a high-resolution collimator. The im¬ 
ages were always interpreted independently 
by two observers skilled in nuclear imaging 
interpretation. 

CT data were obtained in 47 patients. CT 
imaging of the suspected mandible was per¬ 
formed according to the standard procedure 
of the Neuroradiology Department, includ¬ 
ing CT scans in two planes (axial and coro¬ 
nal) in contiguous 5-mm slices. In suspected 
invaded bone areas, additional overlapping 
cuts of 3 or even of 1.5 mm were performed. 
Filming was done at both soft-tissue and 
bone-tissue settings. The mandibular area 
suspected of tumor invasion was filmed at 
4000, rather than 2000, window settings, for 
better imaging in cases of minimal bone de¬ 
struction. 

Of the 60 patients, 37 underwent segmen¬ 
tal and 18 marginal resection; in the remain¬ 
ing five patients, a sagittal resection of the 
lingual cortex of the mandible was per¬ 
formed. The specimens were demineralized 
with EDTA and cut in a routine fashion. 

The clinical and imaging parameters in¬ 
cluded the primary tumor localization, stag¬ 
ing and grading of the tumor, radionuclide 
bone-scan evaluation, CT scan data, surgi¬ 
cal treatment, and correlation of the diagnos¬ 
tic findings with the histologic results. Tu¬ 
mors were staged according to the guide¬ 
lines of the TNM system 14. Tumors with pe¬ 
riosteal involvement but intact osseous 
structures were classified as having no bone 
infiltration. 

The dependence of the histologically deter¬ 
mined bone infiltration and each of the pre¬ 
operative variables were statistically tested 
by the chi-square test. To study joint effects of 
several variables for improving their diagnos¬ 
tic value, we devised a decision tree. In the 
first step, the patient population was split into 
two groups according to the variable which 
distinguished best between histologically 
negative and positive results, The division 
was stopped when further steps no longer led 
to improvement, as was the case after two 
steps. The method8 was adapted to optimize 

5 46 9 

negative positive 

Fig. 1. Correlation between histologically verified bone infiltration and preoperative predictor 
variables. Shaded areas and numbers above them show number of patients with bone infiltra¬ 
tion in each category of predictors. Total numbers are presented at top and are proportional to 
width of bars. P values refer to chi-square test for independence. 

predictive values and to improve interpreta¬ 
bility. A logistic regression model which pro¬ 
vides an alternative method for the prediction 
of bone infiltration on the basis of several pr¬ 
eoperative characteristics of the patient was 
also submitted. A score function in the form 
of a linear combination of these characteris¬ 
tics was constructed. This function was then 
converted by the so-called logistic transfor¬ 
mation into an estimated probability for any 
patient suspected of bone infiltration. Statisti¬ 

cal calculations were performed by the pro¬ 
gram S/S-Plus. 

Results 
Bone involvement was histologically 
proven in 41 patients (68%), while in 19 
patients (32%) the tumor was in prox¬ 
imity to the bone but without infiltration 
of the cortex. 

Fig. 2. Decision 
tree; branching is 
based statistically 
on two most im¬ 
portant predictive 
factors - scintigra¬ 
phy and tumor lo¬ 
calization. | no invasion | 

( scintigraphy ) 

''''''•--^positive 

C tumor site group ) 

low>^flsk^ higli'''^risk 

| unclear | | invasion 
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score= -2.8+3.8*X] +1.5*X2+1.8*X3
Fig. 3. Results of logistic regression. Dots show linear predictor or score (horizontal axis) for 
each patient with and without bone invasion (vertical axis). Line shows how this score is trans¬ 
formed into estimated probability of bone invasion based on three predictors, Xp X2, and X3. 

(well differentiated), grade II (moder¬ 
ately differentiated), and grade III 
(poorly differentiated). Only five (8%) 
of the 60 patients presented with grade I 
lesions; in all of them (100%), mandibu¬ 
lar involvement was confirmed. Of the 
46 (77%) patients with grade II lesions, 
bone infiltration was found in 29 (63%). 
Of the remaining nine (15%) patients 
with poorly differentiated SCC, seven 
(78%) had evident bone infiltration. The 
results, however, were not statistically 
significant (Fig. 1). 

Bone scintigraphy 

Preoperative bone scans were positive 
in 40 (98%) of the 41 patients (Fig. 1). 
In only one (2%) patient was the result 
of bone scanning false-negative; i.e., the 
mandibular destruction was not de¬ 

Localization 

The tumors were localized in five differ¬ 
ent sites, including the retromolar area, 
the alveolar ridge, the floor of the 
mouth, the tongue, and the cheek 
mucosa. The tumors located in the retro¬ 
molar area (17 patients, 28%) all 
showed histologic invasion of tumor in 
the bone (100%). Tumors of the alveo¬ 
lar process were found in 14 patients 
(23%). In 10 (71%) of them, bone inva¬ 
sion was histologically present. SCC in 
the floor of the mouth was present in 21 
(35%) patients. In 11 (52%) of them, 
osseous infiltration was histologically 
evident. There were only five patients 
with SCC localized in the tongue, while 
in three patients, it was in the buccal 
mucosa. In two patients with tongue 
SCC and one with involvement of the 
buccal mucosa, bony invasion was his¬ 
tologically apparent (Fig. 1). 

Nodal infiltration 

On clinical and CT examination, 23 
(38%) of the 60 patients showed no evi¬ 
dence of nodal disease (NO), 23 (38%) 
patients had N1 positive lymph nodes, 
11 (18%) patients were classified as N2, 
and three (5%) patients were classified 
as N3. Ten (43%) patients of the first 
group had histologic evidence of bone 
involvement; in 20 (87%) of the 23 N1 
patients, this was the case. In the N2 
category, bone invasion was present in 
10 (91%) of the 11 patients, but in only 
one patient in the N3 group (Fig. 1). 

Stage 

The relationship between stage of disease 
and bone invasion is presented in Table 1. 
It is evident that bony invasion correlated 
with the higher-stage groups (Fig. 1). 

Grading 

Differentiation of tumor cells was dis¬ 
tributed into three grades 14: grade I 

tected. Increased radionuclide uptake in 
the BS was seen in 10 (52%) of the 
group of the 19 patients without histo¬ 
logically proven mandibular invasion. 
The results obtained with the univariate 
analysis verified the diagnostic accuracy 
and the sensitivity of BS, resulting m a 
negative predictive value (NPV) of 90% 
and a positive predictive value (BEV) of 
80%, due to the incidence of false-posi¬ 
tive findings. ; ‘ 

Table 1. Clinical stage according to TNM system 

Bone invasion, no. of patients 

Stage Criteria No Yes Total 

I TINO 3 1 4 

II T2N0 6 0 6 

III T2N1, T3N0, T3N1 2 4 6 

IV AU T4 8 36 44 
Any T with N2 or N3 
Any T and N with Ml 

Table 2. Estimated coefficients for logistic model 

Estimate Std. error P value 

Intercept -2.788 1.4017 0.047 
Scintigraphy 3.762 1.4577 0.010 
Site group 1.515 0.6046 0.012 
Stage 4 1.833 0.6265 0.003 

Table 3. Estimated probabilities of bone invasion calculated from logistic model 

_. Low risk High risk Site group - ---
Tumor stage 1-3 4 1-3 4 

Sc. negative 0.2 7.8 4.3 63.7 
Sc. positive 8.5 78.5 65.8 98.7 
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Fig. 4. Predictive 
values, sensitivi¬ 
ties, and specifici¬ 
ties for scintigra¬ 
phy; for CT; for 
decision tree that 
permits category 
of uncertain deci¬ 
sion (scintigra¬ 
phy and low-risk 
site); and for vari¬ 
ous rules based on 
probability of 
bone invasion es¬ 
timated by logis¬ 
tic regression. 

Computed tomography 

CT data were obtained in 47 patients. 
The imaging findings corresponded 
well with the histopathologic results in 
37 (62%) patients. In 25 patients, man¬ 
dibular invasion was properly diag¬ 
nosed, whereas in 12 who had no histo¬ 
logic evidence of osseous infiltration, 
the results of CT were negative as 
well. There were seven (22%) patients 
in whom CT did not reveal bony ero¬ 
sion while the histology proved to be 
positive. There were only three 
patients with false-positive results 
(Fig. 1). 

Decision tree (Fig. 2) 

To study the joint effects of the several 
variables which might enhance their 
diagnostic value, we devised a decision 
tree based on the two most statistically 
predictive criteria, scintigraphic find-

Fig. 5. Clinical view of exophytic SCC adjacent to alveolar crest of mandible. 
Fig. 6. Bone scan of same patient with increased "mTc uptake in right mandible, revealing bony invasion. 
Fig. 7. CT scan of same patient showing osteolysis in right premolar region due to tumor invasion of mandible. 
Fig. 8. Histologic findings of resected mandible showing deep penetration of tumor cells into bony structures (HE xlO). 



Mandibular invasion 443 

ings and tumor localization. Two groups 
were chosen for the sake of simplicity. 
The high-risk group consisted of the 
retromolar area and the alveolar ridge, 
while the floor of the mouth, the tongue, 
and the buccal mucosa formed the low-
risk group. The first decision was based 
on the scintigraphic results. For patients 
with negative bone scanning, the risk of 
osseous infiltration was low (estimated 
at 10%). For patients with positive 
scintigraphy, with a positive predictive 
value (PPV) of 80%, further branching 
helped. In tumors of a high-risk area, 
the PPV increased to 27/29 (93%). For 
patients with positive bone scanning but 
with tumors localized in low-risk areas, 
the prediction was uncertain, as the 
probability of osseous infiltration was 
13/21 (61%). Further diagnostic tests 
were recommended. If this group of 21 
patients had been further divided, 
improved results could have been 
obtained. Eighteen of this group had 
positive or negative CT. Of the nine 
patients with positive CT, only one had 
no bone infiltration, whereas this was 
the case for five of the nine patients with 
negative CT. All four patients with clin¬ 
ical tumor stage less than IV had no 
bone infiltration. 

Logistic regression 

On the basis of the results achieved, a 
logistic regression model, which allows 
one to obtain estimated probabilities of 
bone invasion from several predictive 
variables, was developed. The best 
result was found by- using the three 
binary' variables: 
Xj=l for patients with positive bone 
scanning; otherwise, X]=0 
X,=l for patients with tumor in a high 
risk site; otherwise, X2=0 
X3=for patients with tumor stage IV; 
otherwise, X3=0. 

Estimated coefficients are presented in 
Table 2, while Table 3 shows the esti¬ 
mated probabilities for bone infiltration 
for the eight combinations of the char¬ 
acteristics. 

The results suggest the following hy¬ 
pothesis. Positive bone scanning com¬ 
bined with tumor stage IV entails a very 
high probability of high-risk sites 
(98.7%) and still a high probability 
(78%) of low-risk sites. Patients with 
negative bone scanning have a low risk 
(4.3%) unless they have tumor stage IV 

in high-risk areas. For high-risk sites 
and either tumor stage IV or positive 
bone scanning (but not both), the out¬ 
come remains unclear. Fig. 3 shows the 
correlation between incidence of bone 
invasion and its estimated probability. 

Discussion 

Mandibular invasion is a determining 
factor for treatment planning, and it also 
affects the prognosis of the disease. 
Invasion of the bone by direct extension 
of an adjacent carcinoma which pene¬ 
trates the thin mucosal layer of the alve¬ 
olar ridge is the most common route of 
mandibular infiltration 18-19 . Brown & 
Browne6 emphasize that the attached 
mucosa is the main potential route of 
tumor entry because of the lack of peri¬ 
osteum in this area of the mandible. 
Invasion by involvement of deeper tis¬ 
sues and secondary' extension through 
the periosteum is rare 18. Early tumor 
invasion of the mandible generally 
occurs when the lesion is located close 
to the buccal sulcus or the mylohyoid 
crest, thus bringing-the tumor into direct 
proximity to the bone 19. The bone is 
invaded in areas of cortical defects cre¬ 
ated by the fibrous attachment of the 
mucosa or by reactive inflammation 
associated with the tumor6-19-23 . 

These findings suggest that it is justi¬ 
fiable to adopt a more conservative sur¬ 
gical approach, such as marginal resec¬ 
tion, in cases of limited superficial bone 
involvement, thus avoiding aesthetic 
problems and reconstructive difficulties 
in low-risk cases4,12-27. However, when 
evidence of bone-marrow invasion ex¬ 
ists, segmental resection has to be car¬ 
ried out34 . Dubner & Heller 10 did not 
find differences in the recurrence rate of 
130 patients who underwent either seg¬ 
mental or marginal mandibulectomy. 
They found that most recurrences after 
marginal mandibulectomy were in the 
adjacent soft tissues, not in the remain¬ 
ing mandible. 

According to our findings, the pri¬ 
mary tumor site appears to have a strong 
correlation with mandibular invasion. 
Of the five tumor localizations studied, 
tumors located in the retromolar area 
and alveolar ridge were found to in¬ 
volve the bone in a significant number 
of patients (88%). This finding agrees 
with the results of previous studies7-13-36 . 
The strong predilection for bone inva¬ 
sion from tumors located in the retro¬ 

molar zone/alveolar ridge can be ex¬ 
plained by of the fact that early infiltra¬ 
tive growth may easily reach the 2-3 
mm of soft tissue overlying the alveolar 
bone in these cases. As for tumors of the 
floor of the mouth, the high propensity 
for early bone invasion which is re¬ 
ported by Bahadur2 could not be veri¬ 
fied. Carcinomas of the floor of the 
mouth invaded the mandible at a rate of 
52% in our group. The propensity for 
tumors of the buccal mucosa and the 
tongue to infiltrate the bone could not be 
determined because of the low numbers 
in this group. 

A statistical assessment of the corre¬ 
lation of primary tumor size with bone 
infiltration could not be done, due to the 
low number of patients with T1 and T2. 
However, the data presented agree with 
those reported by Weisman & Kimmel-
man37, supporting the view that larger 
tumors pose a greater risk of bone inva¬ 
sion. 
The stage of tumor appears 

(P=0.0003) to be associated with man¬ 
dibular bone involvement. Although it 
is reported2-15-18-21 that only proximity to 
bone, not tumor size or stage, is the de¬ 
termining factor in mandibular involve¬ 
ment, larger tumors theoretically in¬ 
crease the surface area and therefore, 
through “fragile” osseous parts (corti¬ 
cal clefts or microvascular bone chan¬ 
nels), can more easily erode the bony 
surface. Confirmation of this assump¬ 
tion would require a randomized, pro¬ 
spective study of a large group of pa¬ 
tients with Stage IV SCC. 

In this study, differentiation of SCC 
was found to have no bearing on 
whether or not bone was invaded. 
Lund 16 suggests that tumor aggressive¬ 
ness is related to both invasion and cel¬ 
lular differentiation, whereas the pres¬ 
ence of only one of these features is less 
significant. Brown & Browne6 reported 
that tumors with an erosive pattern of 
infiltration tend to be related to grade I 
or II, while those with an invasive pat¬ 
tern are often related to grade III. Corre¬ 
lation of the degree of differentiation 
and infiltration patterns of the tumor has 
not been confirmed by other authors2-15 . 

Bone scanning is sensitive for the de¬ 
tection of occult metastasis in the skele¬ 
ton. The main radiopharmaceutic agent 
is. technetium-99m dicarboxy-propane 
diphosphonate (99mTc-DPD). In SCC, 
increased bone turnover occurs, result¬ 
ing in high uptake of "mTc, correspond-
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ing to the “hot spots” on the bone scan. 
Metastatic lesions are usually detected 
by radionuclide bone scan before they 
are detected by conventional plain 
radiographs because the chemical 
changes of a disease process usually oc¬ 
cur before anatomic changes. Such 
chemical changes inducing bone reac¬ 
tion are detectable by radionuclide 
imaging". 

The results on the value of BS for the 
detection of early mandibular invasion 
agree with the results of other studies 
5.7.11.i3.i7.27.37, indicating high sensitivity. 
However, there were many (52%) false¬ 
positive results. 

The present study found the predicta¬ 
bility and reliability of CT scans in as¬ 
sessment of invasion of the mandible to 
be unsatisfactory. A false-negative rate 
of 22% was found, in comparison with 
an average of 12.5% reported in other 
studies2'7'9'29. Only Brown et al.7 re¬ 
ported a higher incidence of 28% false¬ 
negative results in CT scans. Although 
CT scans can help to estimate the size of 
the primary tumor and the nodal status, 
their value in the detection of early in¬ 
vasion of the mandible seems to be lim¬ 
ited. Artifacts, especially in the coronal 
planes, due to dental restorations, and 
failure to assess accurately the area of 
the inner cortex of the mandible due to 
its irregular shape make it difficult to 
draw conclusions. 

Tumor delineation by MRI was used 
only in selected cases and mainly for the 
estimation of soft-tissue invasion. 
Brown et al.7 reported a false-negative 
rate of only 6% for predictability of 
bone invasion. However, Tsue et al. 
found MRI scans to be less accurate 
than CT scans in determining cortex in¬ 
volvement and bone-marrow invasion. 
These controversial reports indicate the 
need for further study of this more 
costly imaging modality in assessing 
bony invasion. 

According to the results of the 
present study and information from the 
available literature, bone scanning still 
seems to be the most sensitive method 
for detection of early invasion of SCC 
in the mandible. According to Noyek" 
and Bergstedt et al.5, virtually no false¬ 
positive results should be obtained and a 
distinction should be possible between 
cancers that involve the soft tissues and 
those that erode the mandible by com¬ 
paring early and delayed uptake. These 
authors also state that the errors in inter¬ 

pretation of the integrity of the mandi¬ 
ble are largely due to failure of careful 
correlation between clinical findings 
and areas of abnormal activity on the 
scan. Although this statement has_been 
disputed by several authors 13'19^', we 
believe that, with cautious correlation 
with the clinical features, at least misin¬ 
terpretation because of periapical or 
pericoronal inflammatory disease 
should be avoidable. 

As far as patients who have received 
radiation are concerned, the assessment 
of the mandible is particularly difficult, 
either by preoperative diagnostic imag¬ 
ing or clinically. The increased sensitiv¬ 
ity of bone scanning in irradiated pa¬ 
tients is due to the mechanism of radio¬ 
nuclide uptake and the primary effect of 
the irradiation itself. In these patients, 
decisions regarding segmental as op¬ 
posed to marginal mandibulectomy 
should be generally based on the loca¬ 
tion of the tumor, its extent, and the 
presence or absence of induration 
around the mandible29 . 

The statistical method of the study 
addresses the problem of false-positive 
results by allowing for an intermediate 
class of unclear cases. By the decision¬ 
tree approach, the decision, “no bone in¬ 
vasion”, would have been made for 10 
patients (17%) with one error (10%); 
“bone invasion” would have been de¬ 
cided for 29 (48%) with two misclassifi¬ 
cations (7%); and for the remaining 21 
patients (35%), the decision unclear 
would have been applied. By use of the 
estimated probabilities of the logistic re¬ 
gression, several decision rules can be 
derived by setting levels. The estimated 
probability was below 0.1 for 13 pa¬ 
tients (22%). If the remaining 47 pa¬ 
tients had been classified positive, the 
PPV would have been 40/47 (85%). All 
22 patients (37%) with estimated proba¬ 
bility higher than 0.9 showed positive 
histologic results (PPV=100%). 
Twenty-five patients (42%), showing 
probability of 0.1-0.9, remained “un¬ 
clear”. If the levels had been set to 25% 
and 75%, only eight (13%) patients 
would have remained unclassified. 
While the “no bone invasion” class 
would have been the same, the class 
with positive results would have con¬ 
tained 39 patients (65%) with only four 
false-positive cases. 

Predictive values, sensitivities, and 
specificities of five prediction rules are 
compared in Fig. 4. As mentioned above, 

scintigraphy exhibited higher negative 
predictive value and higher sensitivity 
than CT. If the estimated probability in 
the logistic regression were cut any¬ 
where between 0.1 and 0.5. the NPV 
would be 93%. However, bone scanning 
with a specificity of only 47% was less 
specific than CT (78%). If mandibular 
invasion were diagnosed only for those 
patients showing positive scintigraphy 
and a high-risk tumor site, the specificity 
would rise to 89% and the PPV to 93%. 
If the decision "further investigation ne¬ 
cessary” were not allowed, one would 
have to assume bony infiltration and the 
decision tree would then coincide with 
the scintigraphic criterion. For the logis¬ 
tic regression, the positive predictive 
value would increase to 85% or 100% if 
only patients with estimated probability 
higher than 0.75 or 0.9, respectively, 
were called positive. The corresponding 
specificity values would be 79% and 
100%. 

In conclusion, bone scanning ap¬ 
peared to be the best predictive imaging 
parameter for bone invasion. When it 
was combined with specific clinical fea¬ 
tures, it provided the best prognostic 
means in most patients (Figs. 5-8). We 
suggest the selection of an intermediate 
group of patients in whom it is not clear 
whether bone infiltration is present and 
who need further examination. The 
“rules” derived from our data set of 60 
patients may have given unduly promis¬ 
ing predictive values. The small number 
of our patient population, however, 
should compel further studies to check 
and refine the procedure. 
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