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Abstract
Background Hemangiopericytoma (HPC) is an uncommon vascular neoplasm. 
Objectives This study was designed in order to review and summarize published 
cases with oral HPC since 1949, and unpublished cases from histopathological centers 
in Kurdistan region/Sulaimani/Iraq. The specific objective is to correlate cases related 
medical data with treatment option and prognosis. Materials and Methods A 
web-based search was initiated for published articles and case reports by using 
PubMed, and Google. Another search was done in the database of histopathological 
centers in Sulaimani. Results Two new cases of oral HPC diagnosed in the 
Department of Oral and Maxillofacial Pathology - Dentistry College - Sulaimani 
University were reported in details. Literature review disclosed sixty-six HPC of the 
oral cavity and additional five cases were reported from Sulaimani (total 71 cases). 
Male to female ratio was 1:1.5, with a wide age range from newborn to 91 years, 
50% of oral HPC was between 15 and 51 years. The tongue was the most common 
site that HPC originated from, then jawbones, and buccal mucosa. Neither sex nor 
age seems to have any effect on the outcome of oral HPC (p>0.05). HPCs that 
originate from oral mucosa including 13 cases from buccal mucosa and gum were
 benign, while jaw bones HPC was with malignant behavior in six cases. The behavior 
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of twenty-six cases was not recorded.  Different sites had no effect on the tumor 
outcome (p=0.08). Most cases which were treated only by surgery showed no 
recurrence (p=0.01). Conclusion HPC has a high rate of recurrence with undetermi-
nable malignant potential, and require surgical excision with adequate margins and 
long-term follow up.

Keywords: Oral, Benign, Malignant, Hemangiopericytoma, HPC, Vascular tu-
mor, Analytic study.

Introduction
HPC is a rare tumor, which was first described by Stout and Murray in 1942 (Stout 
and Murray, 1942). It is a soft tissue tumor arising from the pericytes of Zimmer-
mann, which are modified contractile smooth-muscle cells surrounding capillary wall 
vessels. These pericytes are located outside the reticulin sheath of the endothelium 
(Maresi et al., 2007, Kitahata et al., 2010). The etiopathogenesis of this tumor re-
mains unknown, but trauma, long-term steroid use, and arterial hypertension have 
been suggested as predisposing factors (Ceylan et al., 2008), even it has not been 
proven yet. In lesional cells, chromosomal translocation t (12; 19) and t (13; 22) 
have been observed. HPCs are usually considered to be a benign neoplasm but has a 
definite malignant counterpart (Rajendran, 2006, Raj et al., 2014). 
The biological growth course of this tumor is usually slow and painless, and it can oc-
cur in any age group, having a greater incidence in middle-aged group, with no sex 
predilection (Nardi et al., 2012). HPC exhibits an unpredictable biologic behavior, and 
the malignant counterpart shows necrosis, cellular pleomorphism, high proliferation 
index and mitosis >4 per 10 high-power fields (HPF). However, the absence of previ-
ous features does not necessarily indicate benign nature; in fact, tumors with benign 
histological appearance have been reported to metastasize (Maresi et al., 2007). We 
summarize here, oral HPCs that were reported in the literature from 1949 till 2016, 
and those recorded in histopathological centers in Sulaimani governorate from 2008 
till 2016.

Aims
The present study was designed to 1. Review and summarize the reported oral HPC 
that appear in literature 2. Report two new cases of oral HPC that were diagnosed in 
the Department of Oral and Maxillofacial Pathology/Dentistry College/Sulaimani Uni-
versity, 3. Relate the clinical features with a patient outcome, and 4. Estimate the 
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type of the treatment effect on the outcome.

Materials and Methods
We performed a comprehensive PubMed and Google search to identify all relevant 
case reports and articles documenting cases with oral HPC from 1949 to September 
10, 2016. Fifty-four papers were identified, and available clinicopathological data of 
sixty-six cases with oral HPC were extracted from these articles and case reports. 
Another search was done in the database of histopathological centers in Sulaimani to 
identify archiving cases with oral HPC. From histopathological centers in Sulaimani, 
there were only five archiving cases in the period between Jan/2008 and Jan/2016. 
These extracted data were summarized and reviewed. Two cases with oral HPC that 
diagnosed in the Oral Diagnosis Department - Oral and Maxillofacial Pathology at 
Dentistry College - Sulaimani University were reported in details. The study was ap-
proved by the Dentistry College Ethical Committee in the Sulaimani University. SPSS-
20 software for Windows in association with Microsoft Excel 2010 was used for sta-
tistical analysis. Chi-square-Fisher›s exact test used to measure the effect of clinical 
data (sex, age, and site) on the patient outcome. Also, this test was used to assess 
whether the type of treatment has any effect on tumor outcome. The p-value ≤ 0.05 
was deemed significant difference.

Results
The results presented in this study were based on the analysis of 71 cases of oral 
HPC, 28 males and 43 females (5 cases of them were from Sulaimani, 2 male and 3 
female), male: female ratio was 1:1.5 (Table 1). The age ranged from 1 day (new-
born) to 91 years with a median of 34 years, interquartile rate 15-51 years. Regard-
ing the site HPC originated from tongue was the most affected site comprising 20 
cases (28.2%), followed by Jawbones (16 cases (22.5%); 3 maxilla, 6 mandible, and 
7 hard palate), then buccal mucosa (10 cases, 14.1%). The histopathological descrip-
tion of 34 oral HPC cases (47.9%) was benign, 11 cases (15.5%) were malignant, 
and there was no information about 26 cases whether they were benign or malignant. 
The treatment of 49 cases was only by surgical excision, the remaining cases were 
treated by a combination of surgical and adjunctive therapy (radio chemotherapy). In 
terms of the course and outcome of oral HPC, 42 cases (59.2%) were free from the 
disease and, local recurrence was found in 16 cases (22.5%) (5 of them were dead 
because of the disease). Table (1) summarizes the review of clinical parameters, be-
havior, the type of treatment, and the outcome of sixty-six previous published cases 
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and five cases from Sulaimani. 
The above data were cross-tabulated to demonstrate the relationship between sexes, 
age, site of the lesion, in response to the outcome of oral HPC. Neither sex nor age 
seems to have any effect on the outcome of oral HPC (p>0.05) (Table 2). Because 
of the behavior of 26 cases were not recorded, it was impossible to estimate the ef-
fect of clinical data on the behavior of this tumor, or the effect of the behavior on the 
patient outcome. Regarding the site of primary oral HPC, most cases were arising 
from the tongue, jaw bones, then buccal mucosa. The behaviors of most tongue cases 
(14 cases, 9.94%) were not recorded. Nine of buccal mucosa and all 4 gum mucosa 
arising tumors were benign. Also, HPCs of the parotid gland were benign in 5 cases, 
just one case was malignant, and one case with unknown behavior. Bone arising HPC 
was more aggressive, six cases were malignant. While different sites did not affect 
tumor outcome (p=0.08), even eight cases of buccal mucosa and ten cases of bone 
were with no recurrence. Finally, the patient›s outcome was significantly differed by 
the type of treatment (p=0.01). Thus, 33 cases (23.43%) showed no recurrence after 
surgical treatment only.
Two out of five cases recorded in Sulaimani were diagnosed in the Histopathology De-
partment at College of Dentistry/University of Sulaimani. Here, we present the clinical 
and histopathological description of these two cases.
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Table 1: Summary of (71) cases of oral HPC appearing in the literature between 
1949 and 2016, and in Sulaimani between 2008 and 2016.
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Table 2: Summary of the relationship between clinicopathological data, the type of 
treatment and behavior, the outcome of HPC 
 

Case 1 A 45 years old female patient attended the Department of Oral and Maxillofa-
cial Surgery Teaching Hospital in Sulaimani on November 2015, with a chief complaint 
of painless swelling since 10 years, which was gradually increasing in size. A detailed 
history has been taken; the patient had denied any significant family or personal 
medical history. On intra-oral examination, a firm, smooth, non-tender, dark blue 
mass was seen at the left buccal mucosa near commissure of the lip, measuring about 
1.5×1 cm in size (Figure 1-A). The lesion was mobile and non-compressible. There 
was no regional or distant lymphadenopathy. Clinical differential diagnosis included 
hemangioma, HPC, or other soft tissue tumors.

Case 2 A 25 years old female was referred to and examined at the Clinic of Maxil-
lofacial Surgery in Peramerd Dental Hospital in Sulaimani in December 2015, after 
reporting a sensation of foreign growth in her mouth. Her family medical history was 
unremarkable. The patient noticed a painless mass in the right buccal mucosa since 
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3 months. Intraoral examination revealed a lobulated sessile mass at the right buccal 
mucosa against fractured cusp of the lower 3rd molar tooth (Figure 1-B). The mass 
was mobile, smooth in texture, tense elastic in consistency with normal surface color, 
and measuring about 1×0.5 cm. Clinical differential diagnosis included pyogenic gran-
uloma, peripheral giant cell granuloma, and fibroma.
After the routine hematological investigations, which were within normal limits, both 
patients were subjected to surgical excision of lesions. The excised specimens were 
submitted to the Oral and Maxillofacial Pathology department in College of Dentistry 
Sulaimani University for histopathological analysis. Macroscopic examination of the 
1st case specimen showed an intact single, dark brown surfaced, rubbery firm soft-
tissue mass, measuring 2×1.5×0.5 cm. The 2nd case specimen was intact-single rub-
bery firm in consistency, yellow-brown in color with a clear transparent lobe, smooth 
surfaced, but with grooves, measuring 1.2×0.5×0.3 cm. The lesion was cut into two 
pieces and both were examined (Figure 1-C).
Microscopically, hematoxylin and eosin stained sections of both cases showed strati-
fied squamous epithelium with a corrugated surface layer (Figure 1-D) and an under-
lying nodular arrangement of connective tissue stroma (Figure 1-E). The underlying 
connective tissue stroma showed a monotonous appearance of lesional tissue which 
was highly cellular in nature, little fibrosis, and with numerous vascular spaces lined 
by single layer of flattened endothelial cells. Irregular branching of dilated vascular 
spaces revealed a characteristic ‘staghorn’ pattern. Surrounding these vascular spac-
es, there was a proliferation of the tightly packed oval and spindle cells showing indis-
tinct cytoplasmic borders with a moderate amount of cytoplasm and hyperchromatic 
nuclei. Mitotic activity 1-2 per 10 HPF was noticed, and there were no necrosis foci 
(Figure 1-F and G). The histopathological impression was benign HPC. Along two-year 
follow-up, no recurrence was reported.
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Figure 1: Clinical appearance of oral HPC (A and B), The gross picture shows yellow-
brownish pieces with a clear transparent lobe (C), The low-power view of the speci-
men: Normal thickness oral epithelium with corrugated surface (H&E, 40X) (D), A 
nodular arrangement of tumor mass separated by thin collagenous fibers (H&E, 40X) 
(E), High-power views plump oval and spindle-shaped tumor cells (black arrows) sur-
rounding thin wall branching small blood vessels, mitotic activity (yellow arrow) (H&E, 
400X) (F and G). (Note: The cleft between epithelia and connective tissue in D, and 
folding of the connective tissue in E occur during preparation of the slides).
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Table 3: Summary of (66) oral HPC cases appearing in the literature between 1949 
and 2016, and unpublished 5 cases from Sulaimani between 2008 and 2016.
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Discussion
This study had analyzed the history, treatment, and the outcome of 66 published HPC 
cases reported in the oral cavity since 1949 and 5 cases from Sulaimani (Table 3). 
HPC is a rare vascular tumor derived from the pericytes (Stout and Murray, 1942). It 
constitutes only 3–5% of all soft tissue sarcomas and about 1% of all vascular tu-
mors occurring very rarely in the oral cavity (Ceylan et al., 2008), with an incidence 
of 15–30% in the head and neck (Shobha et al., 2015, Angouridakis et al, 2007). In 
the USA, studies showed that less than 1% of soft tissue tumors and less than 1% 
of the bone sarcomas reported each year were HPC (Michi et al., 2013). Some stud-
ies showed 82% of HPC patients were Caucasian (Ceylan et al., 2008, Nanduri et 
al., 2015). However, in Sulaimani city, five cases were registered in histopathological 
centers. 
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Clinically, the lesion appears as soft tissue swelling either sessile or pedunculated. 
Intraosseous cases had also been reported. HPC can occur in all age groups; however, 
the majority (40%) of the cases occurs in the fifth and sixth decades (Deshmukh et 
al., 2015). Regarding sex differences, literature remarked that there is an equal sex 
distribution (Nardi et al, 2012, Michi et al., 2013, Deshmukh et al., 2015). Neverthe-
less, this review shows 1:1.5 male to female ratio. Their ages ranged from newborn 
(congenital HPC) to the elder (91 years), with a median of 34 years. There were six 
cases consider to be of congenital origin. Three of them were reported at birth, and 
the remaining three cases were noticed during the first year of life. Half of the cases 
were reported between 15 to 51 years old. The median age of cases reported in Su-
laimani was 12 years with a range from newborn baby to 45 years.
Our analysis of the 71 HPC cases revealed that the tongue was the most common site 
for the oral HPC (20 cases). Hasson et al (1994) had included 18 oral HPC in their 
study and mentioned that most of them were arising from the tongue. On the other 
hand, Mitchi and his colleagues (2013) had analyzed 16 HPC oral cases, palate been 
the most common site of origin. The difference in the analysis could be contributed to 
the difference in sample size and/ or specific selecting criteria that studied by varied 
researchers for the specific tumor.
The gross appearance of this lesion is usually transparent or white-gray (Jaipal et al., 
2016). Nevertheless, our two cases were transparent but yellow-brown in color. The 
final diagnosis was achieved by an excisional biopsy. Histopathologically, the so-called 
‘stag-horn’ sign, formed by the proliferation of fusiform to roundish undifferentiated 
tumor cells in dendritic branches around the capillary vessels, was formerly regarded 
(Michi et al., 2013) as a useful diagnostic key of HPC. The morphological criterion 
suggested by Enzinger and Smith was used to distinguish benign from the malignant 
tumor. The criterion points were: large size (>5 cm), increased mitotic rate (4 or 
more per 10 HPF), a high degree of cellularity, immature and pleomorphic tumor cells, 
foci of hemorrhage and necrosis (Michi et al., 2013, Jaipal et al., 2016, Enzinger and 
Smith, 1976). In accordance with Enzinger and Smith›s criterion; numerous cellular 
components (low cellular atypia), a solid nature of the mass (increased cellular den-
sity), few mitotic figures (2/10 HPF), with lack of necrosis; placed our region cases 
within the benign variant. An infantile HPC differs structurally from the adult variety in 
that it demonstrates muscle-related actins that are absent in the adult HPC. It gener-
ally behaves in a benign manner, with only rare metastasis (Sikes et al., 2003).
In all reviewed oral HPCs cases, surgical excision was the treatment of choice. 69% 
of the cases had been treated by surgical approach only; whether resection, enuclea-
tion, or cryosurgery. Both of our cases were removed surgically with a broad base. As 
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a matter of fact, according to this study analysis, this tumor is believed to be of low 
malignancy potential and possibly may be associated with recurrence and metastasis, 
therefore, a safety margin of at least 10 mm is necessary to excise unless the tumor 
borders are extremely well demarcated (Michi et al., 2013). The more bland lesions 
with minimal mitotic activity are treated by a wide base excision while the more ac-
tive and dysplastic lesions are treated by radical excision with or without adjunctive 
radio- and chemotherapies (Sikes et al., 2003, Carew et al., 1999). Although HPCs 
are considered to be radioresistant and radiation therapy is not suggested as the 
primary treatment, postoperative radiotherapy has been described as an effective 
means for treating inaccessible sites and helps to prevent local recurrence and metas-
tasis. A carbon dioxide laser technique has been recommended for both tumor exci-
sion and sealing of blood and lymphatic vessels in the incision line. Furthermore, this 
procedure may minimize the local seeding of tumor cells during surgery, and reduce 
the potential for metastasis (Ceylan et al., 2008, Hiraumi et al., 2002, Angiero et al., 
2011, Shetty et al., 2007).
Although the behavior of oral HPC will probably be influenced by factors like sex, age, 
and the site of origin, in this review there were 26 cases with unrecorded behavior, so 
the effect cannot be estimated. The study of Whittam and Hellier (1993) was on pa-
rotid gland HPC, reached to a conclusion that ‘tumors in elderly patients show a ma-
lignant course, while congenital, infantile forms and superficial tumors are benign in 
nature”. Most tumors were arising from tongue, followed by jawbones, and then buc-
cal mucosa. Although 6 tongue cases were benign, 14 cases were of unknown behav-
ior. Oral mucosa (9 cases from buccal, and all 4 cases from gum) HPCs were benign. 
Those of the parotid gland were benign in 5 cases, just one case was malignant, and 
one case with unknown behavior. Six of reported malignant cases were arising from 
jaw bones, so it seems that the more aggressive behavior originated from bone le-
sions. Whittam and Hellier (1993), and Del Gaudio et al (1996) had found no signifi-
cant relationship between the site of the tumor and its behavior.
In terms of the course and outcome of HPC in the oral region, the literature review 
showed that 42 from 71 cases were without recurrence, while local recurrence or 
distant metastasis occurred in 16 cases. So this could be explained by the incomplete 
removal of the mass that affects the prognosis of the disease.  In this study, the dif-
ference in sex, age, and the site of HPC was nonspecific for tumor outcome, just the 
type of treatment had a significant difference (p=0.01). Nevertheless, we believe as 
Ceylan et al (2008) that wide surgical excision, not enucleation, is frequently suffi-
cient to treat HPC of the head and neck without metastasis and the choice of radio-
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therapy should be reserved for metastatic, recurrent and unresectable cases. Our two 
cases were free from metastasis at the time of diagnosis, and no recurrence was re-
ported for two years follow-up. However, recurrence and metastasis peaks at ≥5years 
(Michi et al., 2013), thus, we will continue to monitor our cases. 

Conclusion
This study represents the one of the largest series of oral HPCs to date. HPC is a rare 
neoplasm which usually has a benign course. But local infiltration, recurrences and 
even distal metastases may occur. Therefore, an early diagnosis helps in the effective 
management of such lesions without further changes on the adjacent structures and 
tissues. Also, histopathology of HPC plays a crucial role as the treatment of this lesion 
is dependent on the amount of cellular atypia and mitotic activity. Wide surgical exci-
sion is the treatment of choice. Still, careful follow-up is essential.
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Abstract 
Background Determination of the VDO is one of the most important steps in making 
complete denture Objectives The present study evaluates the relation between verti-
cal dimension of occlusion, and the length of the little finger of right hand. Material 
and Methods a cross-sectional study was conducted on 200 dentate subjects select-
ed both males and females were involved in the study. Measurements of the vertical 
dimension of occlusion were recorded clinically using modified digital vernier caliper, 
with the person is seated correctly on the dental chair in an upright position; and 
instructed to close his teeth in centric occlusion. The length of the little finger of the 
right hand was measured from tip of finger to the farther most point on palmer digital 
crease. The measurements were taken with the hand straight, flat and supine posi-
tion, Results showed that the vertical dimension of occlusion was significantly and 
positively correlated with the length of the little fingers, in females more compatible 
than males. Conclusion Since the variations between the vertical dimension of occlu-
sion and the length of little finger are within the range of 1mm for females and 2mm 
for males respectively. As a conclusion of the present study vertical dimension of oc-
clusion prediction through this method is reliable, and reproducible. Also the method 
is simple, economic, and non-invasive; hence, it could be recommended for everyday 
practice.

Key words Dento-facial, right small finger, V.D.O., complete denture 
measurement

Introduction 
The vertical dimension of occlusion defined VDO as a distance measured between 
two points when the occluding members are in contact, while vertical dimension of 
rest VDR is defined as the distance between two selected points measured when the 
mandible is in the rest physiologic position (Glossary of Prosthodontics terms 2005). 
Determination of the VDO is one of the most important steps in making complete 
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denture (Thompson, 1942). To maintain a harmonious craniofacial system, the dental 
practitioner must establish an appropriate occlusal vertical dimension (OVD). Several 
methods can be used to determine an appropriate OVD. The patient presenting with 
decreased OVD represents a particular challenge for the dental practitioner in fab-
ricating conventional dentures( Mays, 2003).Are some of the techniques utilized for 
determining occlusal vertical dimension (Millet et al. 2010). Many methods have been 
proposed to determine VDO that include measuring vertical dimension at rest, (Sil-
verman, 1953) phonetic method. (Pyott, 1954) Cephalometric radiographs, (Turner, 
1969) pre-extraction records (Jackson, 2008). The determination of an acceptable 
VDO for an edentulous patient is even more dependent upon clinical judgment, and 
upon the skill and experience of the dentist (Unger, 1990). The VDO play multiple 
essential roles, which are functional, esthetic, physiological, and psychological roles 
(McCord and Grant, 2000). Unfortunately there is no one precise scientific method 
for determining VDO (Millet et. al. 2010). Silverman reported consistent results in 
measuring VDO by phonetic methods, in patients with class I jaw relationships. Also 
believed that the exact measurement of the natural VDO is most essential in the suc-
cessful practice of many phases of dentistry (Silverman, 1953). It has been believed 
that the greatest cause of full denture difficulties is the failure to duplicate the nor-
mal VDO. In occlusal reconstruction, many clinicians have found, through experience 
that increasing the VDO for patients with supposedly shortened VDO ended in failure. 
The dental profession realizes that it has never had an accurate, scientific, and prac-
tical method with which to measure the patient›s natural VDO it has been reported 
that the use of the speaking method to measure a patient›s VDO before the loss of 
the remaining natural teeth, and to record this in term of millimeters, and to repro-
duce this measurement in complete denture after tooth extraction. Researchers found 
that physiologic rest position was not consistent even in the same patients, and may 
not constitute a reliable reference position for assessment of VDO (Fayz and Eslami, 
1988). The terminology of the initial report has been simplified to describe the same 
method of measuring VDO (Meyer Silverman, and Washington, 2001). The Willis 
device is designed to measure the distance from the lower border of the septum of 
the nose to the lower border of the chin and the distance from the outer canthus of 
the eye to the corner of the lip with the teeth in occlusion, and these measurements 
was equal to each other (Greets, 2004). This study was designed to assess the pos-
sibility of any correlation between VDO and length of fingers in Kurdish population 
so that it can serve as a simple and precise method for estimating VDO. Recording 
the correct vertical jaw relation is believed to be an elusive step, but its significance 
can›t be overlooked if optimum function and aesthetics were to be achieved. It is the 
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responsibility of the dentist to establish an appropriate lower facial height when lost, 
which should be within the range of patient›s adaptability and acceptability. If VDO is 
increased or decreased, it would end up deteriorating the existing patient›s condition 
instead of improving it. Although Prosthodontics as a whole has progressed leaps and 
bounds with a variety of techniques being proposed and practiced for the evaluation 
of VDO none of them is scientifically more accurate than other. Each method advo-
cated has its own limitations. They are either tedious, time consuming, require special 
instrument/equipment, or expose patients to radiation (Turrell A. 2006).

Patients and Methods
Before commencing the study, clearance from the Ethical Committee was acquired. 
Before starting the study, subjects were given detailed information about the pro-
cedure, and those willing to participate were included in the study. This study was 
conducted on 200 physically healthy dentate subjects both males and females with 
the age range of 20 to 30 years having no deformity of little fingers of the right hand 
were selected from the among students of dentistry college of Sulaimani university, 
the following information›s were collected; name, age, gender, chin nose distance, 
length of little finger. All the participants should have class I centric jaw relationship, 
periodontally sound teeth in both jaws. But subjects with the following conditions 
Open bite or deep bite cases ,Teeth anomalies, attrition, extensive prosthesis or res-
torations in the oral cavity, Temporomandibular joint disorders., history of trauma, 
and Orthodontic treatment or orthognathic surgery were excluded from the study. 
Anthropometric measurements of chin-nose distance VDO and the length of the little 
finger of the right hand were recorded clinically in millimeters using a digital vernier 
caliper with an accuracy of ±0.01 mm. To record VDO, the subjects were instructed 
to bite lightly on the posterior teeth with lips in repose, head well stabilized and in 
upright position of the head where the mandible became in parallel to floor. The lower 
tip of caliper was placed firmly on the tip of the chin (mental protuberance). Now the 
upper tip of caliper lightly touched the base of nasal septum as seen in figure 1 and 
the measurement was made.
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Figure 1: Measurement of the chin-nose distance (VDO).

Before measurement was done, the patient should be comfortable with lips in repose 
and should not exhibit any facial strain. Length of the little finger of the right hand 
(LFRH) was measured from the tip of the little finger to the farthermost point on 
palmer digital crease figure 3.The measurements were taken with the hand straight 
and flat and supine position. While taking on finger measurements must be sure that 
nail of the subject was trimmed.
 

Figure 2: Measurement of little finger of right hand.

Similarly, readings were taken by following the above-mentioned procedure for all the 
remaining 200 subjects. These readings were used as data to calculate. The mean, 
standard deviation (SD) and standard error for all the parameters. In order to cal-
culate these data›s to estimate VDO Statistical Package for Social Sciences (SPSS) 
Software (V-20) and Pearson’s correlation test were used to find the relation between 
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the VDO and the length of little finger of right hand at a significant level of P value of 
0.05%.

Results
Descriptive statistics in table 1 shows the various measurements were statistically 
analyzed, in order to assess and analyze the results. The mean and standard devia-
tion of all measurement recorded in the present study for all 200 cases (126 male and 
74 female) as shown in table 1.

Table 1: The mean and standard deviation of all precipitants.

Frequency 
Table (2) shows the mean of sample cases (according to gender) for the chin-nose 
distance (vertical dimension of occlusion), and length of the little finger of the right 
hand. Table (3) shows the correlation between chin-nose distance to little finger of the 
right hand among male and female precipitants

Table 2: Mean of precipitants according to the gender.
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Table 3: Paired Samples Test (Paired differences).
 

Table 4: One-Sample Test of the male and female precipitants 
measurements.
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Table 5: One - sample test and statistics of male and female.

From the observation of the above tables, results revealed that there was a statisti-
cally significant relation between the recorded measurements both in males and fe-
males precipitants which of P<0.05, especially in tables 5, because approximately 
they are the summation of the whole above table. Descriptive statistics of the pa-
rameters studied were presented in Table 5; it was observed that, in males the mean 
value of chin-nose distance (VDO) was 68.63 mm, whereas in females, the mean 
value was 61.97 mm. Thus, VDO is more in males compared to females. In males, the 
mean value of length of the little finger was 66.84 mm whereas in females, the mean 
value was 61.07 mm. Thus males had longer little finger as compared to females. So 
in a simple equation the vertical dimension of occlusion in this study is determined 
by:
In males 
Chin- nose distance - length of little finger
68.63 mm – 66.84 mm = 1.79mm ~ 2.0mm
So for determination of the VDO in male equal to length of the little finger + 2 mm
VDO=LFRH+2
In females
Chin- nose distance - length of little finger
61.97 mm - 61.07 mm = 0.9 mm ~ 1 mm
So for determination of the VDO
In female equal to the length of the little finger + 1 mm
VDO=LFRH+1
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Discussion
Losing teeth and acquiring an artificial prosthesis is not a pleasurable event for any 
individual. Nevertheless, the agony of the patient can be lessened to some extent 
by providing a prosthesis which restores the original facial appearance and functions 
akin to natural teeth. Unquestionably, establishing a correct VDO of the face is one 
of the important factors to be considered in accomplishing this objective. Literature 
review depicted that many methods have been described and used by profession-
als over the years for the purpose of VDO determination, but none of them is fully 
accepted or considered completely correct. When selecting a method, the follow-
ing criteria have been recommended accuracy and reliability of the measurement, 
adaptability of the technique, type and complexity of equipment needed, cost and 
the length of the required to make measurement (Basker and Davenport, 2002). To 
overcome these difficulties this study was undertaken to find a simple yet feasible 
method by studying the relationship between VDO, and the length of little finger of 
the right hand. And this study showed that the length of the little finger is nearer to 
the mean of chin - nose distance, and also showed that there is a positive correla-
tion between these two measurements P <0.05 (Table 3 and 4) this agree with The 
studies conducted by Bhandari et al (Bhandari et al. 2012) have revealed a positive 
correlation between VDO and length of little finger in both males and females. In a 
similar study conducted by (Ladda et al. 2013) a positive correlation has been found 
between VDO had length of index finger in males and that of little finger in females. 
Abdul-Rassul, 2007 found that The ear-eye (right & left) and chin-nose distance were 
measured; the results revealed that there is a positive correlation between these 
measurements; also this study showed that this facial measurement may be used for 
clinical assessment of occlusal vertical dimension (Abdul-Rassol, 2007). The results 
supported the research hypothesis that there would be a significant relationship be-
tween the VDO and the length of right hand little fingers. The study revealed a sexual 
dimorphism with higher values for VDO the length of little finger of the right hand in 
males compared to females. Sexual dimorphism in finger length is related to post-
puberty levels of androgen exposure (Thompson, 1942). Also measurements of only 
right hand fingers were recorded. This will not create any bias because it is a known 
fact that physiologically human body maintains symmetry. This result is in agreement 
with that of (Danborno et. el. 2009) found no differences in the length of fingers of 
both hands. This method is an attractive and practical because it is requires no radio-
graphs or sophisticated measuring devices and provides reproducible values for future 
reference. Besides it may reduce time-consuming process and experience. Another 
advantage is to connect to some previous methods. The limitation of the study was 
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that it was restricted to the subjects with class I malocclusion and other skeletal or 
dental malocclusions were not considered. Also the subjects were might not catego-
rized based on facial forms. Furthermore, the measurement is difficult to record when 
a patient has a round facial profile with excessive soft tissue bulk under the chin. 
To authenticate these findings further studies should be carried out comprising of a 
broad clinical research program that would include the similar analysis for edentulous 
population in other ethnic groups and then appropriate regression equations may be 
constructed which can be accepted universally. However, the operator should keep 
in mind that VDO is the result of a musculoskeletal balance. The correct VDO can be 
better described as a range instead of as a fixed point. Therefore, in order to evaluate 
the VDO, a pluralistic method should be adopted at all the stages of rehabilitation to 
maximize the benefits and minimize damage to the stomatognathic system.

Conclusion
Measurement of the right hand of little finger has been considered as a method of re-
cording VDO may provide a better parameter for both males and females. So the VDO 
prediction through this method is hence, it could be recommended for everyone. And 
the results not affected by the study being done with Kurdish people.
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Abstract
Fifty five years-old male submitted to the Emergency Department in Baghdad Medical 
City with right submandibular swelling necrotic ulcer with purulent discharge at an-
terior lower neck and upper chest area (Necrotizing Faciitis) with extreme fetid odor. 
This case report discusses the management and treatment outcome. 

Introduction
Necrotizing Faciitis (NF) is a progressing infection of the fascia with subsequent skin, 
subcutaneous tissue and muscles’ involvement (Morgan, 2010). The term Necrotiz-
ing Fasciitis was coined by (Wilson, 1952). Historically NF has been described by 
Hippocrates as “great falling off of the flesh…was not like pus, but a sort of putrefac-
tion…” Although it was first clearly in the late eighteenth century by Claude Pouteau, 
there was no unified term for it (McGurk, 2003).
The aetiology of NF could be infection by single or multiple micro-organisms. Strepto-
coccus was found to be the most common (38%) causative micro-organism (Krieg et 
al., 2009). NF affects 4/ 100,000 of population per year with high 40% mortality rate. 
It is relatively rare in head and neck region, 1-10% from overall NF. Within the last 
decade (Blythe and Baker, 2010; Casey et al. 2014; Dillon, 2015; Hernández et al., 
2017; Lanisnik et al., 2011; Olusanya et al., 2015; Dilton 2015). NF as a complication 
of dental infection is uncommon. It has been documented that odontogenic infection 
could progress to NF in 1% (Dillon et al., 2015). However, it should be on the dentist’s 
mind as one of expected outcomes in ill managed dental infection cases in debilitated 
patients. The presented case report is an example of such conditions.

Case Report
An uncontrolled diabetic 55-years-old male attended Oral and Maxillofacial Depart-
ment in Ghazi Alhariri Surgical Centre (Baghdad Medical City), with right submandibu-
lar swelling due to odontogenic infection. Patient had been poorly managed for two 
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weeks and was under steroid for unjustifiable reason. He was brought to emergency 
department with 15 * 15 cm necrotic ulcer with purulent discharge at anterior lower 
neck and upper chest area with extreme fetid odor. There were bilateral erythema-
tous swellings extending from the lower border of the mandible to the upper half of 
the chest wall. (Figure 1a). Patient was systemically toxic, malaise, and feverish with 
difficulty in swallowing. His laboratory investigations showed WBC count of 23000/cm, 
Hb 7 mg/dL and RBS 520 mg/dL. 
Initial treatment involved stabilization with IV fluids, antibiotics (specify the types and 
dose of antibiotic) and glycemic controls (specify the type and dose). This was fol-
lowed by aggressive surgical debridement of all the non-healthy skin and subcutane-
ous tissues. This was followed by removal of all upper and lower retained root (Figure 
1b, c).  After 10 days of systemic and local infection control measures, a split thick-
ness skin graft was used to close the defect (Figure 1d). A secondary skin graft proce-
dure was done 2 weeks later to complete wound coverage. 
The above taken measures enable the patient survive this grave condition. He was 
kept under medical supervision to control his acquired adrenal insufficiency (Figure 
1e). 

Figure 1: a. bilateral erythematous swellings from the lower border of the mandible to the 

upper half of the chest wall. b. Aggressive surgical debridement of all the non-healthy skin 

and subcutaneous tissues. c. Removal of all upper and lower retained root. d. A split thick-

ness skin graft used to close the defect. e. the patient kept under medical supervision.
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Discussion
Because Necrotizing Fasciitis it is potentially fatal condition it requires accurate diag-
nosis and aggressive management. Diagnosis of NF usually based on clinical, radio-
graphical, CS test and histopathological examination. 
Clinically, Finger Test is suggested to confirm the diagnosis. This test is performed by 
making small incision down to the fascia. You will notice lack of resistance of the sub-
cutaneous fat to the exploring finger with lack of bleeding. In addition you will get an 
extremely offensive brown colored fluid (dishwater fluid).
CT scan usually reveals gas in the subcutaneous areas. Culture and Sensitivity test 
should not delay triple parenteral antibiotic therapy, which should be provided imme-
diately. Biopsy should be taken from the adjacent normal looking tissue, but it should 
not delay surgical management (Frozen Section) 
One of the adopted criteria for early detection of NF is Laboratory Risk Indicator for 
Necrotizing Fasciitis (LRINEC Score). The LRINEC score can detect early cases of Cer-
vical necrotizing fasciitis CNF. Patients with a LRINEC score of >=6 must be carefully 
evaluated for the presence of Cervical NF (Sandner et al., 2015).
Early diagnosis and radical management are important to maximize the chances of a 
good outcome (J. Blythe, N.J. Baker, 2010). Prof Mark McGurk. Management of NF is 
both medical and surgical. It is important to state that this condition could be mistak-
en as usual cellulitis in its early stages and the dentist should deal with this condition 
with extreme suspicion. Any delay in diagnosis might lead to grave sequences. 
The recommended management line includes medical support, antibiotics, aggres-
sive surgical debridement, followed by reconstruction (McGurk, 2003). Medical sup-
port involves ICU admission. Gram +ve, Gram –ve and anaerobic microbes should be 
targeted with antibiotic treatment. All necrotic tissue with overlying skin should be 
removed until fresh bleeding points are reached. Reconstruction is considered when 
the patient’s condition is stabilized and the local wound condition permits. 

Conclusion
Odontogenic infection can be fatal if poorly managed. NF is sever rapidly progressive 
soft tissue infection that should be managed emergently (medically and surgically) to 
avoid life threating complications.

Reference
Blythe J, Baker NJ (2010). The contemporary management of cervicofacial necrotis-
ingfasciitis: the Southampton experience. Posters/British Journal of Oral and Maxillo-
facial Surgery 48):S25– S55.

Haider Alalawy



Volume 5, Issue 1, 2018

35

Casey K, Cudjoe P, Green JM, 3rd, Valerio IL (2014). A recent case of periorbital ne-
crotizing fasciitis--presentation to definitive reconstruction within an in-theater com-
bat hospital setting. J Oral Maxillofac Surg 72(7):1320-4.

Dillon J (2015). How Often Do Odontogenic Infections Progress to Necrotizing Fasciitis 
... Journal of Oral and Maxillofacial Surgery 73(9, Supplement):e39–e40.

Hernández DAA, Chávez AMG, Rivera1 AS (2017). Facial Necrotizing Fasciitis in 
Adults: A Systematic Review. Heighpubs Otolaryngol and Rhinol. 1):020-031.

Krieg A, Rohrborn A, Schulte Am Esch J, Schubert D, Poll LW, Ohmann C, et al. 
(2009). Necrotizing fasciitis: microbiological characteristics and predictors of postop-
erative outcome. Eur J Med Res 14(1):30-6.

Lanisnik B, Cizmarevic B, Debevc D, Levart P (2011). Necrotizing fasciitis of the head 
and neck-34 cases in single institution experience! International Journal of Oral and 
Maxillofacial Surgery 40(10):1060.

McGurk M (2003). Diagnosis and treatment of necrotizing fasciitis in the head and 
neck region. Oral Maxillofac Surg Clin North Am. 2003 Feb;15(1):59-67.

Morgan MS (2010). Diagnosis and management of necrotising fasciitis: a mul-
tiparametric approach. J Hosp Infect. 2010 Aug;75(4):249-57. doi: 10.1016/j.
jhin.2010.01.028. Epub 2010 Jun 9.

Olusanya AA, Gbolahan OO, Aladelusi TO, Akinmoladun VI, Arotiba JT (2015). Clinical 
Parameters and Challenges of Managing Cervicofacial Necrotizing Fasciitis in a Sub-
Saharan Tertiary Hospital. Niger J Surg 21(2):134-9.

Wilson B (1952). Necrotizing Fasciitis. The American Journal of Surgery, Vol. 18, No. 
4. 18(4):416-431.

Haider Alalawy



Volume 5, Issue 1, 2018

36

Black and green tea antimicrobial effect on Mutans streptococci 
and Lactobacilli

Minan Y. Al-Ezzi1, 2, 3*, Abbas S. Al-Mizrakchi3, Athraa M Alwaheb3, Aylin Bay-
san1, Noha Seoudi1, 4, 5, Anwar R Tappuni1
1Institute of Dentistry, Barts and the London School of Medicine and 
Dentistry, Queen Mary University of London, London, UK.
2 College of Dentistry, University of Anbar, Iraq.
3 College of Dentistry, University of Baghdad, Baghdad, Iraq.
4 Faculty of Oral and Dental Medicine, Cairo University, Cairo, Egypt.
5 Faculty of Dentistry, School of Health, BPP University, London, UK.
Corresponding author: Minan Y Husein Al-Ezzi 
e.mail: m.al-ezzi@qmul.ac.uk

Abstract
Background Dental caries continues to be a major public health problem in many 
countries. The aetiology of dental caries is multifactorial and it is widely accepted that 
Mutans streptococci and Lactobacilli play major role in the formation of dental car-
ies through adhering to the tooth surface and producing acid from dietary sucrose. 
Objectives Finding affordable natural product with anti-cariogenic potential will have 
a great impact on dental caries management worldwide. There is some published 
evidence supporting the antibacterial activity of green tea (GT) but studies of black 
tea (BT) are scanty. This preliminary study aimed to test the activity of aqueous and 
alcoholic extracts of BT and GT in comparison with sodium fluoride, chlorhexidine 
and distilled water, on clinical isolates of Mutans Streptococci (MS) and Lactobacilli 
(LB). Materials and Methods In the in-vitro study, MS and LB sensitivity and viable 
counts were tested with different concentrations of tea extracts. The minimum bacte-
ricidal concentration (MBC) of the tea extract, and the time required for killing MS and 
LB in the presence of tea extracts were determined. An in-vivo study of sequential sa-
liva samples collected from 30 volunteers after rinsing with the aqueous extracts was 
conducted, to investigate the longevity of tea extract as an antibacterial agent in the 
mouth. Results MS and LB counts were reduced with tea aqueous extract progres-
sively with time. The largest inhibition zone was produced by 50% GT aqueous ex-
tract. LB least viable count was recorded at 30% BT aqueous extract. MBC was 35% 
and 30% for BT and GT extracts respectively. The maximum reduction of MS and LB 
viable counts was at 30 and 15 minutes respectively, after rinsing with 50% GT aque-
ous extract. Conclusion Tea extract has the potential to reduce MS and LB viable 
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counts, and can be incorporated in the dental products as an effective anti-cariogenic 
agent.
Keywords: Mutans streptococci, Lactobacilli, black tea, green tea, 
antibacterial.

Introduction
Dental caries continues to be a major public health problem in many countries 
(Bagramian et al., 2009). The aetiology of dental caries is multifactorial and is chal-
lenging to manage despite of having innovative approaches in the 21st century. It is 
widely accepted that Mutans streptococci (MS) and Lactobacilli (LB) play major role 
in the formation of dental caries through adhering to the tooth surface and producing 
acid from dietary sucrose. Recently, several studies have explored the potential effect 
of the natural products to prevent dental caries, including tea (Awadalla et al., 2011, 
Antonio et al., 2012). Tea, as one of the most popular, affordable and widely available 
drinks worldwide, would be an efficient and convenient public health intervention, if 
proved to have an anti-cariogenic activity.
Green tea (GT) has been shown to have a direct bactericidal effect on S mutans via 
one of its components, catechins (Neturi et al., 2014, Rasheed and Haider, 1998), 
however the concentration at which the tea would have an inhibitory effect has not 
been clearly reported (Rasheed and Haider, 1998, Anita et al., 2014, Hegde and 
Kamath, 2017). GT has also been shown to interact with bacteria and inhibit its ad-
herence to teeth (Otake et al., 1991). Therefore, there is some evidence that GT has 
an anti-cariogenic effect in humans (Hirasawa et al., 2006, Carvalho et al., 2016, 
Thomas et al., 2016), however, the evidence for the anti-cariogenic effect of BT is 
lacking. The aims of this study are to investigate the antibacterial effect of aqueous 
and alcoholic GT and BT extracts, in comparison with known antimicrobial agents; 
sodium fluoride (NaF) and chlorhexidine gluconate (CHX) in-vitro and also to assess 
the aqueous extract of BT and GT as a mouthwash for adults in inhibiting cariogenic 
bacteria in-vivo.

Materials and methods
The study was conducted according to the Iraqi national standard operative proce-
dures (SOP) for microbiology. An ethical approval for the study in accordance with the 
Declaration of Helsinki was obtained from the Faculty of Dentistry local Ethics Com-
mittee, Baghdad University. Following the ethical approval, verbal consent was ob-
tained from each participant. 
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Preparation of stock culture 
Twenty isolates of MS and LB were obtained under standardised conditions from 20 
healthy dental students (13 male and seven female, age 21-23 years), with at least 
one tooth with dental caries. Participants were asked to refrain from eating and 
smoking for at least one hr and were given a piece of sugar-free (Samara)  natural 
gum (0.4 - 0.5g) to chew for five min, then saliva was collected in a sterilised screw 
capped bottles (Hirasawa et al., 2006). The samples were homogenised and diluted 
with normal saline. A 0.1 ml of two dilutions; 10-2 and 10-3 were cultured in dupli-
cates on glucose-yeast extract-acetic acid agar (Rogosa agar, Merck, Germany) to iso-
late the LB (Rogosa et al., 1951), and on Mitis Salivarius Bacitracin Agar (MSB) (Difco, 
MD, USA) to isolate MS (Gold et al., 1973). The plates were incubated aerobically for 
48 hrs at 37oC . Colonies were examined directly and under dissecting microscope 
(magnification x15). Gram staining, catalase production and carbohydrate (manni-
tol) fermentation tests were conducted on MS and LB, in addition the spore forming 
and motility tests for LB were assessed to confirm bacterial identification (Koneman 
E. W. et al., 1992, Krasnow, 2009). MS and LB were purified in same environment 
and same culture media. MS plates were incubated anaerobically for 48 hrs at 37oC 
followed by incubation aerobically for 24 hrs at 37oC whilst LB plates were incubated 
aerobically for 72 hrs. (Nolte, 1982). One colony from each type of bacteria was 
transferred to 10 ml of sterilised Trypton Soya Broth (TSB) (Oxoid, UK) and incubated 
for 24 hrs aerobically at 37oC to prepare the stock culture. 

Preparation of tea extracts 
A 100 grams of commercially available grounded loose dried leaves of 100% BT (Lip-
ton Yellow Label, Sri Lanka) or 100% GT (Twinings, UK) was soaked in 500 ml of 
distilled boiled water to prepare the aqueous solution, and in 96% ethanol alcohol to 
prepare the alcohol extraction (Cowan, 1999). Concentrations of 10%, 20%, 30%, 
and 50% were prepared and filtered by millipore filter size 0.22µm (Merck, Germany).
 
In-vitro experiments
The effect of the tea aqueous extract on viable counts 
The effect of different concentrations of BT and GT aqueous extract on the growth of 
MS and LB was tested by using agar dilution method and compared to control plates. 
Final concentrations of 1%, 5%, 10%, 20%, and 30% of BT and GT aqueous extracts 
were obtained in the Rogosa and MSB agar plates. A suspension of 0.1 ml from dilu-
tions 10-2, 10-4  of MS and 10-2, 10-3  of LB, were spread in duplicates onto the tea 
MSB and Rogosa agar plates respectively. MSB plates were incubated at 37oC for 48 
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hrs anaerobically, followed by 24 hrs of aerobic incubation and Rogosa plates were 
incubated at 37oC for 48 hrs aerobically and the colony-forming units per ml (CFU/ml) 
were counted.  This procedure was duplicated on control plates without any aqueous 
tea extract

The inhibitory effect of the tea extract on MS and LB compared with CHX and 
NaF.
The MBC of BT and GT aqueous and alcoholic extract was determined by preparing 
solution of 1%, 5%, 10%, 20%, 30%, 35% and 50% of BT and GT separately, inocu-
lated with 0.1 ml of activated isolates of MS and LB and incubated at 37oC for 24 hrs. 
The positive control for this experiment was TSB with bacterial inoculum only and the 
negative control bottles contained TSB and BT or GT extract, without bacterial inocu-
lum. After 24 hrs. incubation period, an inoculum from each bottle was streaked on 
tryptone soya agar (TSA) and incubated aerobically at 37oC for 24 hrs. 
The lowest concentration of tea extract that showed bactericidal effect was selected 
as the MBC. Agar well diffusion technique was then applied to assess the antibacterial 
effect of the MBC tea extract concentrations compared with 2% NaF and 0.2% CHX 
(Corsodyl™, GlaxoSmithKline PLC, UK). Wells of equal size and depth were prepared 
on MSB, Rogosa and Mueller Hinton Agar (Oxoid) plates, and each filled with 40µl of 
one of the study agents. The plates were then inoculated with MS or LB and incubated 
at 37oC for 24 hrs. The antibacterial effect of each agent was estimated by measuring 
the inhibition zone around the relevant well.
 
Time-kill study 
The time-kill method was used to compare the in-vitro activity of 35% BT and 30% 
GT on MS and LB. A suspension was prepared by mixing the bacterial culture with the 
aqueous extract of BT or GT. Dilutions were prepared at 1, 3, 5, and 30 min. From 
dilutions 10-2 and 10-3, 0.1 ml was spread in duplicates on TSA and incubated aero-
bically at 37oC for 48 hrs to assess bacterial growth as follows: 
+++: Heavy growth of bacteria (>100 colonies/plate).
  ++: Moderate growth of bacteria (50-100 colonies/plate). 
    +: Mild growth of bacteria (10-50 colonies/plates).
    - : No growth (<10 colonies /plate)
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In-vivo study 
The effect of tea aqueous extract on salivary counts of MS and LB 
Thirty healthy dental students (17 female and 13 male, age 21-23 years) were re-
cruited according to the exclusion and inclusion criteria. Participants were randomised 
into three groups of ten subjects each; BT, GT and distilled water (DW). 

Inclusion criteria 
•No relevant medical history 
•Had not been on any antibacterial agents for at least two weeks prior to the study 
•Dentate with no prosthesis or orthodontic appliances
•Participants with at least one dental caries

Exclusion criteria
•Pregnant and/or lactating females. 
•No active primary dental caries
•Chronic/aggressive periodontal disease.
•Purulent exudates, tooth mobility, and/or extensive bone loss risking the prognosis 
of the test tooth
•Any other significant disease or disorder which, in the opinion of the investigator, 
may either put the participants at risk because of participation in the trial, or may in-
fluence the results, or the participant’s ability to participate
•Participants who were prescribed long-term systematic antibiotics
•Participation in another dental study testing different dental products during the pre-
vious three months
•The use of topical agents that may affect the results such as mouthwash, chewing 
gum and lozenge with active ingredients or antibacterial agents

Participants were asked to suspend all oral hygiene practices on the day of the study 
starting at 8 am, and to refrain from eating, drinking and smoking until the tests 
completed. Stimulated saliva was collected, by asking participants to chew a piece of 
sugar-free gum for five min at 9:00 am. Then each volunteer was asked to rinse with 
10 ml of 50% aqueous extract of BT, GT, or DW for 3 min and to expectorate the solu-
tion. Stimulated saliva was re-collected at 1, 15, 30 and 60 min from the time of ex-
pectoration. Saliva samples were immediately dispersed for two min by vortex mixer 
and tenfold dilutions were prepared. From dilutions 10-2 and 10-3, 0.1 ml was spread 
in duplicates on MSB and Rogosa agar plates and incubated as described above. MS 
and LB viable counts were measured as colony-forming unit per millilitre of saliva 
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(CFU/ml). 

Statistical analysis 
Calculation of the statistical parameters; mean, standard deviation (SD), analyses 
of variance (ANOVA), Student’s paired t–test were employed using SPSS statistical 
package (IBM, NY, USA), and adjusted at 95% (p<0.05) confidence interval. Power 
calculation was performed using StatMate statistical pack (GraphPad, USA) revealing 
a 95% power to detect a difference between means of 4.37 with a significance level 
(alpha) of 0.05 (two-tailed) for a sample size equal to 20 in each group. 

Results
In-vitro study
The effect of the tea aqueous extract on viable counts  
The MS total viable count tested with GT was significantly less than that tested with 
BT in all concentrations, and the most significant difference was found at 30%. Simi-
lar pattern was seen for LB; the counts with GT were less than with BT. The most 
statistically significant difference in the viable counts was found with 30% dilution of 
GT and BT (Table 1).  
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Table 1: Effect of BT and GT aqueous extract on MS and LB total viable count (in vitro).

The inhibitory effect of different concentrations of the tea aqueous extract 
on MS and LB
The MBC of BT and GT aqueous and alcoholic extract was 35% and 30% respectively. 
For the aqueous extract, there was a direct positive relationship between the diameter 
of the inhibition zone and the concentration of the extract. The mean diameter of the 
inhibition zones of 50% BT and GT extract was significantly more than other concen-
trations. A significant difference between 10% and 20% concentrations was observed 
for BT and GT. However, there was no significant difference between 30% and 50% 
concentrations (Table 2). 
Figure 1 displays inhibition zones of tea aqueous extract in comparison with CHX and 
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NaF. Similar pattern was observed for the LB, where the mean diameter of inhibition 
zones of 10% BT concentration was less than that of 50% BT. There was  also signifi-
cant difference among all GT concentrations against LB, and that the 50% concentra-
tion achieved larger inhibition zones than the other concentrations (Table 2). 
Table 2: Comparison between BT and GT aqueous extract and alcoholic extract of each test-

ed concentration against the sensitivity of MS and LB.
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Figure 1: Sensitivity of MS on MSB agar to the aqueous extract of BT and GT, NaF

and CHX by agar diffusion technique. GT has better results

The inhibitory effect of different concentrations of the tea alcoholic extract 
on MS and LB.
For MS, a significant difference was found between BT and GT alcoholic extract with 
larger inhibition zones given by GT at 10% concentration and a mean diameter of 
6.57±0.42 and 7.22±0.73 for BT and GT respectively. Significant difference was re-
corded between BT and GT alcoholic extract with the larger inhibition zones given to 
GT extract (Table 2). 
The pattern against LB was slightly different with significant difference observed be-
tween 10% and 50% concentrations of BT and GT extract with larger inhibition zones 
for GT, and significant difference at concentration 20%. At 30% concentration, not 
significant difference was recorded between both tea extracts (Table 2). 
The inhibitory effect of the tea aqueous extract on total count of oral micro-
flora.
No statistical significant difference between the GT aqueous extract and the BT in the 
mean dimension of inhibition zones of 10% concentration (7.30 ±0.82; 6.99 ±0.43 
respectively). While the antibacterial effect of the 50% concentration of GT was su-
perior to the BT (Mean diameter, SD=21.42 ±0.69; 16.65 ±0.00 respectively). High 
significant difference was recorded among 20%, 30% and 50% concentrations of both 
types of tea against oral microflora. Figure 2 demonstrates the activity of the aqueous 
extract of both types of tea in comparison with CHX and NaF against oral microflora.
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Figure 2: Comparison between the mean diameter of inhibition zones of BT and GT aqueous 

extracts, CHX and NaF against the sensitivity of oral microflora.

Time-kill study 
The growth of MS and LB colonies were significantly reduced in the presence of BT 
and GT aqueous extract separately. However, findings were time dependent with an 
ascending decrease of bacterial count when time increased (Figure 3).

Figure 3: Effect of increase time of mixing 30% of GT aqueous extract on the growth of MS, 

with the best clearance of bacteria at 3hrs.
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In-vivo study 
The effect of the tea aqueous extract on salivary counts of MS and LB 
All recruited subjects completed the study (n=30). Viable bacterial count was evalu-
ated for the three study groups after single rinse with the selected study agents; BT, 
GT or DW. The maximum reduction of MS viable count from baseline count was signif-
icantly seen after rinsing with 50% GT at 30 min time point. Slightly different pattern 
was shown with LB, where the maximum significant reduction of the total count was 
at 15 min (Figure 4 and Table 3).  

Figure 4: A. Effect of rinsing with 50 % BT aqueous extract on the viable count of MS and LB, 

B. Effect of rinsing with 50% GT aqueous extract on the viable count of MS and LB at each 

time point, C. Effect of rinsing with DW on the viable count of MS and LB. 
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Table 3: Comparison of the effect of rinsing with 50% BT aqueous extract on the viable 

count of MS and LB at each time point.

Discussion
This preliminary study was conducted to screen the antimicrobial properties of two 
types of tea extract against two cariogenic bacteria. BT and GT have similar amounts 
of flavonoids which known as potent antibacterial substances. These flavonoids have 
the ability to bind and precipitate macromolecules such as bacterial enzymes that af-
fects the metabolic activity of bacteria. GT tea leaves reserve more catechins (simple 
flavonoids) than BT. While most of BT components are oxidised during the process 
of fermentation to become a complex mixture of polymerised catechins (theaflavins 
and thearubigens) which have less antimicrobial activity (Lee et al., 2002, Frei and 
Higdon, 2003, Cabrera et al., 2006). Other active constituents of tea extract are al-
kaloids, and tannins (van het Hof et al., 1999). It was reported that the alkaloids 
interfere with microbial cell division (Olaleye, 2007). Flavonoids have anti-glucosyl-
transferase activity that prevent microbial adherence, i.e., anticaries effect (Yousef 
Yari Kamrani 2007, Li et al., 2004). Tannins also have an antibacterial growth capacity 
with their iron-binding power; to inhibit bacterial adherence and glucocyltransferase 
activity (Akiyama et al., 2001).
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To date, a limited number of studies assessed these complex procedures to obtain a 
final purified organic extract (Hirasawa et al., 2006, Araghizadeh et al., 2013, Anita et 
al., 2014, Jazaeri et al., 2015, Naderi et al., 2011). In this study, two commonly con-
sumed types of tea were extracted using the various laboratory procedures and com-
paring their antibacterial activity against MS and LB. 
In our study, the crude extracts (aqueous and alcoholic) of both types of tea, re-
corded inhibitory effects to the growth of MS and LB, these findings agree with oth-
ers (Touyz and Amsel, 2001, Sasaki et al., 2004). However, GT crude extract showed 
better inhibitory effect on LB than BT. This can be attributed to the presence of higher 
amounts of alkaloids and phytochemicals in GT as compared to BT. These findings are 
consistent with our earlier findings which reported that LB are sensitive to the alka-
loids extracted from the seeds of the Peganum harmala, which is a popular plant in 
the Middle East to be used for folk medicine and spiritual practices (Al-Izzy, 2010).
Our findings disagree with others, which reported that BT had equal inhibitory effect 
with GT extract (Spratt et al., 2012). Zones of inhibition on the aqueous extract plates 
were higher than those seen on plates of alcoholic extract. This indicates that the 
amount of antibacterial substances obtained from the aqueous extract is more than 
that obtained from alcoholic extract. Additionally, water-soluble substances of tea 
leaves are more potent than alcoholic soluble substances in their antibacterial activity. 
Sensitivities of LB to CHX and NaF were tested, and NaF was a weak antibacterial 
agent in comparison to CHX. The antibacterial effect of 2% NaF was enhanced by 
increasing its concentration. Fluoride in tea was thought to contribute to the inhibition 
of dental caries (Moezizadeh, 2013). However, the low levels of fluoride in BT (99.74 
mg/kg) and GT (63.04 mg/kg) were reported, suggesting the presence of active 
substances other than fluoride that may eventually inhibit dental caries (Peng et al., 
2016). It should be noted that tea aqueous extract at 50% concentration had signifi-
cantly better results on the tested bacteria compared to 0.2% CHX and 2% NaF. Our 
results are consistent with previous studies on the effectiveness of GT on cariogenic 
bacteria (Tehrani et al., 2011, Anita et al., 2014).  
BT and GT aqueous extract reduced the total viable count of MS and LB colonies in 
vitro. GT aqueous extract had significant results than BT extract in reducing LB viable 
count. These findings are in agreement with others who suggested that the fermen-
tation process of BT leaves, changes its antibacterial activity (Rasheed and Haider, 
1998). The opposite pattern was seen for MS (Naderi et al., 2011, Matsumoto et al., 
1999).    
LB isolates were sensitive to BT aqueous and alcoholic extract at 35% concentration. 
While at 30% concentration, GT aqueous and alcoholic extract was able to inhibit the 
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tested bacteria. The slightly better action of GT, denotes the greater antimicrobial 
constituents occur in the crude GT extract. This finding is in agreement with other 
published papers (Anita et al., 2014). It was noticed that a concentration of 10% of 
alcoholic extract had better results than higher concentrations. This can be referred 
to reaching the optimum saturation levels at higher concentrations. At high concen-
trations, the solutions became sticky and thicker that could not be diffused through 
the agar molecules. The 5% concentration of alcohol that was used in the prepara-
tion of alcoholic extract has no additional antimicrobial effect in our study. The role 
of this proportion of alcohol is only to dissolve the organic ingredients of the leaves. 
Tea aqueous extract has a time-dependant antibacterial agent. This can be attributed 
to the time required for tea molecules to bind to the microorganisms. These findings 
were in agreement with previously published study where significant reduction in the 
bacterial count from baseline was found with increasing incubation time with GT ex-
tract. However, there is no data available on the activity of BT extract in a time kill 
study (Farooqui et al., 2015). This study is the first to highlight the relation of bacte-
rial count with period of incubation with BT aqueous extract.
In in-vivo study, the aqueous extract of tea was chosen over alcoholic extract, since 
the former showed larger inhibition zones in the agar well technique in the current 
study. Furthermore, alcoholic-containing mouthwash may pose ethical and cultural 
issues for participants. A concentration of 50% for both types of tea aqueous extract 
was used, as inhibition zones were maximised by 50% on oral microflora, MS and LB. 
Both types of tea extracts had potent antibacterial activity against MS and LB, how-
ever MS being more sensitive than LB. The viable bacterial count at baseline of each 
participant was significantly minimised after rinsing with both tea extracts. Further-
more, it was shown that the adherence ability of MS to the tooth surfaces was inhib-
ited by the presence of tea extract, despite the lack of adsorbing properties of tea on 
teeth (data not presented). Our results are in line with previous literature and high-
light the importance of tea as a useful agent in oral hygiene maintenance (Esimone et 
al., 2001). To the best of our knowledge, our study is the first to examine BT aqueous 
extract as a mouthwash agent against pure isolates of MS microorganisms, and to 
compare it with that of GT. Studies with experiments of longer periods monitoring for 
the sustainability of the tea extract are needed. The results of the current study were 
derived from concentrated extracts of BT and GT. Therefore, the outcome may not be 
applied on the common practice of drinking black or green tea. In fact, it can be spec-
ulated that adding sugar to tea may counteract its antibacterial effect. 
The slight difference in the antimicrobial potency of the two types of tea aqueous ex-
tract could be due to the simple catechins (Polyphenols of low molecular weight) that 
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are profusely present in GT leaves in comparison to BT leaves. These catechins are 
oxidised and condensed to larger, dark coloured molecules during the fermentation 
process of BT leaves, which led to the reduced quantity of simple catechins in BT.
The current study demonstrated a reduction of bacterial count in saliva for up to 60 
min, after a single rinse with tea aqueous extract. The maximum decline of MS was 
recorded after 30 min and for LB after 15 min after rinsing with GT aqueous extract. 
All participants commented on the bitter taste, astringent sensation and tooth discol-
ouration related to the high concentration of tea. The staining of the teeth after the 
long term use of mouthwash with high concentration of tea extracts is usually expect-
ed (Bergesch et al., 2017).  
While the present study has provided useful information using natural products for 
dental care, study limitations must be acknowledged. The study was carried out in 
accordance to the local national standard operative procedures (SOP) for microbiology 
in Iraq, which could be different from the SOP in other countries. Moreover, the tested 
bacteria were not identified to the species level. Furthermore, the alcoholic extract of 
tea has not been tested in the in vivo study due to cultural norms. Additionally, the 
crude extract was used instead of extracting active substances (polyphenols) of the 
tealeaves. Employing the latter, could have avoided the reported side effects of teeth 
discolouration and bitter taste. In the in-vivo study, participants were assessed in one 
occasion. Finally, tea extract was prepared in high concentrations (30% and 50%) 
that may not be possible to be consumed on daily basis. 

Conclusion
The crude extracts (aqueous and alcoholic) of BT and GT at high concentrations had 
inhibitory effect on oral bacteria. The tea extract at 50% concentration was more ef-
fective than 0.2% CHX and 2% NaF in reducing bacterial counts. The extract can be 
incorporated into dental products such as mouthwash, gel, irrigation solution for root 
canal treatment in clinical practice. Therefore, controlled randomised double blind 
clinical trials were required to provide robust evidence for the effectiveness of using 
tea extracts as an antibacterial agent and for caries prevention. 
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Abstract
Background Early recognition of rhinocerebral mucormycosis is critical for initiation 
of treatment. The clinical presentation of the disease shares the same clinical pic-
ture with many other diseases, which might lead to misdiagnosis.  Features of neural 
involvement, such as facial nerve palsy, headache and mental state alteration, are 
important in presentation of mucormycosis; however, they are commonly overlooked. 
Objectives This study was done to highlight facial nerve palsy as an early feature of 
Rhinocerebral mucormycosis, which may improve the quality of the clinical recognition 
and encourage further related investigation and managements steps.
Materials and Methods Thirteen patients with variable signs and symptoms of Rhi-
nocerebral Mucormycosis were diagnosed and treated in The Maxillofacial Unit in 
Sulaimani Teaching Hospital, Kurdistan / Iraq. Their clinical and laboratory data were 
retrospectively analyzed. Results Neurological features of facial nerve palsy were re-
ported in a significant percent of the included patients (61.5%) p=0.001. It was sig-
nificantly associated with misdiagnosis as Cerebro-Vascular Accident (CVA) (P=0.047) 
and with bad prognosis of the disease (p=0.042). Conclusion Facial nerve weakness 
is a significant sign in presentation of mucormycosis. A significant proportion of such 
patients could be misdiagnosed as CVA patients, with subsequent delay in treatment. 
Increasing the suspicion index for mucormycosis in diabetic patients presenting with 
facial palsy helps in reaching an accurate and early diagnosis. 

Keywords Rhinocerebral Mucormycosis, facial nerve  

Introduction 
Mucormycosis is an opportunistic, fulminating fungal infection caused by members 
of the family Mucoraceae, order Mucorales and class Zygomycetes (Kim et al, 2013). 
Mucoraceae family, including the Absidia, Mucor, and Rhizopus strains which may 
be found in decaying food,  soil, or other organic matter (Kwon-Chung, 2012). They 
rapidly grow and release large numbers of spores that become airborne and gain en-
trance to the human body through inhalation or ingestion, but rarely cause infection 
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in the intact immune system (Casqueiro et al, 2012). The term “mucormycosis” was 
used for many years and then was supplanted by “zygomycosis”. Based on molecu-
lar studies, mucormycosis is currently the appropriate term (Spellberg et al, 2009), 
(Kwon-Chung, 2012). Depending on the site of the body affected, the disease may 
manifest in six different ways as: Rhinocerebral, pulmonary, cutaneous, gastrointes-
tinal, central nervous system or disseminated forms. Rhinocerebral mucormycosis 
is the most common type, accounting for 30% to 50% of cases (Mallis et al, 2010). 
Over the last years there has been an increase in the number of reported cases (Sae-
geman et al., 2010). This can be attributed to a rise in awareness of the disease and 
improvement in methods of identification and increase in risk factors such as immu-
nosuppression, malignancy and diabetes (Roden et al, 2005). The challenges caused 
to establishing a clinical diagnosis of mucormycosis add to the difficulty of obtaining 
a clear view of the epidemiology (Petrikkos et al, 2012). Mucormycosis typically oc-
curs in patients with poorly controlled diabetes (Roden et al, 2005, Spellberg et al, 
2005). In addition, patients with organ or hematopoietic stem cell transplant (HSCT), 
neutropenia, or malignancy are at high risk (Roden et al, 2005; Petrikkos et al, 2012; 
Spellberg et al, 2005). For decades, the mortality rate of mucormycosis has remained 
>40% despite aggressive surgical and antifungal therapy (Ribes et al, 2000). Prompt 
treatment is important for good outcome, with early treatment predicated on early 
diagnosis that is critical to enable early active antifungal therapy and prevention of 
progressive tissue invasion (Walsh et al, 2012). Yohai claims that early diagnosis 
reduces the need for extended surgical resection and is the most significant factor 
in curing the disease and improving outcome (Yohai et al, 1994). The main route of 
mucormycosis infection is inhalatory (Garcia-Covarrubias et al, 2001). The invasion 
occurs directly or by haematogenous spread, the infection spreads rapidly from sinus 
to orbit, cavernous sinus, and cranium (Walsh et al, 2012). Diagnosis, however, is dif-
ficult until the disease has caused significant morbidity, aggressive fungal invasion of 
the paranasal sinuses, orbit, hard palate and brain (Petrikkos et al, 2012). The dis-
ease then develops in the paranasal sinuses and rapidly extends into adjacent tissues 
(Hosseini and Borghei, 2005). It mimics sinusitis or periorbital cellulitis in the acute 
setting (Spellberg et al, 2005); however, initial appearance of the nasal mucosa may 
be normal (Petrikkos et al, 2003). The picture may further progress to include oph-
thalmoplegia representing involvement of the orbital contents (Thajeb et al, 2004). 
Contralateral ophthalmoplegia suggests cavernous sinus thrombosis (Spellberg et al, 
2005). Necrotic eschar in maxillary, facial, or sino-orbital tissues may also be an early 
marker of invasion (Walsh et al, 2012), representing local disease progression with 
blood vessel thrombosis and tissue infarction (Mallis et al, 2010). The fungus may 
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spread inferiorly to invade the palate, posteriorly to invade the Sphenoid sinus, lat-
erally into the Cavernous sinus to involve the orbits, or cranially to invade the brain 
(Hosseini and Borghei, 2005). Hard palate ulceration is interpreted as disease exten-
sion from the sinus (Spellberg et al, 2005). 
No clinical history is completely specific for the diagnosis of mucormycosis. However, 
there are several examples of initial clinical manifestations which carry high predic-
tive value (Walsh et al, 2012). Symptoms compatible with mucormycosis in a predis-
posed patient call for prompt initiation of treatment while appropriate steps are taken 
towards confirmation of diagnosis (Petrikkos et al, 2003). The involvement of a com-
plexity of tissues in the Rhinocerebral area means that the clinical presentation can 
mimic other conditions, and this study aims to highlight involvement of facial nerves 
as a presentation feature in patients with Rhinocerebral mucormycosis in an attempt 
to improve the clinical management of these patients.

Materials and Methods 
The study included 13 Rhinocerebral mucormycosis patients, admitted and treated in 
the maxillofacial unit in Sulaimani Teaching Hospital, Kurdistan/ Iraq. Most of these 
patients were medically compromised. Comprehensive laboratory investigations 
were performed, however, in emergency cases, treatment was started immediately 
based on initial laboratory investigations. Initial investigations include:  plasma glu-
cose concentration, blood urea and creatinine, serum electrolytes, serum osmolality, 
blood acidity (pH), blood gas analysis, serum bicarbonate, urine analysis, and glyco-
lated haemoglobin, blood differential count and blood film. For diabetic patients (11), 
treatment was started by applying the protocol of management of adult patients with 
diabetic ketoacidosis (DKA) or Hyperglycaemia Hyperosmolarity state (HHS); this 
was usually done in the emergency room (ER). Treatment by antifungal drug (am-
photericin B) ensued immediately as the diagnosis was confirmed by sinuses endos-
copy, Magnetic resonance imaging (MRI) and cytology examination based on swab 
result (which takes up to 24 hours). Initial effort was directed toward stabilizing the 
general condition and correction of the hyperglycaemia, dehydration, electrolyte im-
balance and hemodynamic imbalance. This was followed by definitive pathological 
examination by incisional biopsy. Surgery was performed for all patients. The extent 
of the surgery was decided according to the clinical and the radiological findings. All 
the surgeries were done by a maxillofacial surgeon alone or as a team leader with an 
otolaryngologist or neurosurgeon. The surgical procedure involved debridement of the 
necrotic tissue. This ranged from simple excision of necrotic oral soft tissue and bone 
in the alveolar ridge and palate, to a more extensive procedure involving turbinec-
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tomy, maxillectomy or even inoculation of orbital content.  Treatment was continued 
with Amphotericin B for at least six weeks. 

Results
Almost all signs and symptoms known to be associated with Rhino cerebral mucormy-
cosis were reported in our patients, albeit at different incidence rates. Table (1) dem-
onstrates the incidence of different clinical findings for the included patients. Reported 
incidence of ptosis was very high (93.2%), sinusitis was present in all of the patients 
(100%), seven of whom (53.8%) had a more extensive form of sinusitis with necrosis 
of the nasal mucosa of the turbinate. Palatal necrosis was reported in (85.7%) and 
the involvement of alveolar and palatal tissue was variable, ranging from a localized 
area of necrosis surrounded by healthy tissue to an extensive total necrosis of one 
side of the palate reflecting hemi maxillary necrosis (Figure 1). Five of the current se-
ries of patients (38.5%) developed change in the color of the skin, which progressed 
in hours to be an extensive necrosis. Skin change was strongly associated with poor 
prognosis (mortality) p=0.045. 

Table 1: descriptive statistics of the study findings
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Figure 1 : a (left) Necrosis of the palatal tissue  exhibits as an abrupt line between the affected and non-affected 

side in a 56 year old female patient with mucormycosis; b (right) the same patient exhibited facial swelling in 

the affected side, orbital cellulites, ophthalmoplegia and ptosis. Facial nerve palsy necrosis of the skin developed 

within 24 hours after referral from ER department, and the patient was in a DKA state.

A high percent (92.3%) of the study patients were medically compromised; one was 
leukemic, one patient was elderly (76 years) and presented in a dehydrated state, 
and the other eleven patients (85.6 %) were all diabetic (six had type I, and the 
other five had type II diabetes). Two patients presented with HHS (Hyperglycaemia 
Hyperosmolarity state) and four patients presented with DKA (Diabetic ketoacidosis), 
while the other diabetics were in a hyperglycaemic state. The mean blood sugar level 
in diabetic patients in this study was 376 mg/dl, while the mean glycolated haemo-
globin (HbA1c) was also very high (11.1%) and showed a significant linear correlation 
with the elevated blood sugar level (p=0.001).
All the patients were referred from other departments: five patients (38.5%) were 
referred from neuromedicine department, three (23%) were referred from medicine 
department, four patients (30.8%) were directly referred from the ER, and one leu-
kemic patient came from the Oncology Hospital. According to the result of this study, 
six patients (46.2 %) were initially diagnosed as having CVA, four of whom (66.6%) 
were misdiagnosed, whereas the other two patients had  developed true CVA due to 
dissemination of the infection intra cranially as a complication of delay in treatment 
(Figure 2).
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Figure 2: MRI of patient in figure 4: a (top left) sagittal T2WI showing mucosal thickening of Rt. maxillary antrum 

with subperiosteal infection in the floor of the middle cranial fossa and filling of the right frontal sinus; b (top mid-

dle) shows evidence of right ethmoidal air cell filling  and right sphenoid sinus; c (top right) abnormal high signal 

intensity involving right inferior-medial temporal lobe and basal ganglia (Intra cranial extension of infection);d 

(bottom left) T1WI,faint peripheral rim of enhancement of the involved brain parenchyma (sign of infection); e 

(middle bottom) precontrast T1WI shows heterogeneous opacity and filling of left maxillary sinus, ethmoid and 

frontal sinus; f (bottom right) right medial temporal lobe and basal ganglia show restricted diffusion on DWI which 

is a sign of early ischemia.

Facial nerve weakness was reported in an insignificant number of people (61.5%), 
p=0.001, and was also significantly associated with misdiagnosis of patients as CVA 
patients (p= 0.047) as shown in figure (3). Two of those patients passed away and 
the mortality rate in this study was 13.4%. The correlation of facial palsy to disease 
prognosis as measured by mortality rate was significant (p= 0.042). Facial nerve 
palsy due to facial nerve involvement was sometimes associated with mild or even no 
palatal involvement (Figure 4).
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Figure 3: a (top left) shows a 40 year diabetic lady misdiagnosed as CVA patient, who was referred to the maxil-

lofacial unit after developing necrosis in the palate, diagnosed as mucormycosis; b (top middle) after 4 weeks of 

treatment facial weakness had improved; c (top right) CT scan shows soft-tissue opacification and mucosal thick-

ening in the left maxillary sinus; d (left bottom) shows the excised necrotized turbinates; e (middle bottom) mild 

necrosis in the palatal tissue; f (bottom right) the palate after surgical treatment.

   

Figure 4: a (left) nasal endoscopic view of a 65 year old patient with poorly controlled diabetes showing necrosis 

of the right nasal turbinates. The patient was referred from neuromedicine department with signs of intracranial 

extension of the disease; b (right) in the same patient, one week after surgical debridement of the necrotic tissue, 

there is mild improvement in the ptosis and orbital cellulites, but the facial palsy is not improved. 
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In diabetic patients, the correlation of facial palsy to HBA1c was significant (p=0.03). 
The vast majority (92.3%) in the current study presented with altered level of con-
sciousness, as evaluated by the Glasgow coma score of consciousness (GCS); this 
was significantly correlated to misdiagnosis as CVA (p=0.049). In nine patients 
(69.2%) there was delay in starting the treatment (48 hours). Many patients in this 
study developed symptoms of mucormycosis after a long period of suffering from se-
vere headache (92.3%). Moreover, this headache persisted even after a long period of 
treatment.

Discussion 
The included patients showed a variety of signs and symptoms ranging from a small 
ulcer with underlying necrosis of the alveolar ridge with flu-like illness and sinusitis, 
to a more extensive involvement of maxillary, nasal and orbital tissue, with or without 
neurological signs of headache, altered consciousness, facial palsy, ophthalmoplegia, 
diplopia, blurred vision, and ptosis. Patients also presented with swelling in the cheek, 
conjunctivitis, orbital cellulites with proptosis, and chemosis.
In the clinical spectrum of Rhinocerebral Mucormycosis reported in the literature, we 
can see a noninvasive sinusitis in immune-competent patients and a fulminant inva-
sive form in immune compromised patients (Parsi et al, 2013). In our study, there 
was only one patient who was neither diabetic nor post chemotherapy. She exhibited 
less destruction of oral and nasal tissue, but she had sinusitis, facial palsy and ptosis 
with mild signs of orbital cellulitis.
Alveolar and palatal tissue involvement was variable. Some patients had only a lo-
calized area of necrosis surrounded by healthy tissue, while others presented within 
extensive total necrosis of one side of the palate reflecting hemi maxillary necrosis. It 
was very interesting to see an abrupt line between the necrotic side and the healthy 
side, a picture reported in four patients (Figure 2 a).This may be explained as the ma-
jor blood supply of the maxilla which is the greater palatine artery and the small col-
laterals from the other side both being compromised by the effect of fungal infection, 
or the involvement of angiopathies, macroangiopathy and microangiopathy, which is 
one of the complications of diabetes, giving this pathognomonic picture.
Regarding the change in the color of the skin reported in some of the study patients, 
which progressed in hours to become an extensive necrosis, all patients were diabetic 
and in HHS. Early skin involvement was reported in those who had delay in presen-
tation and treatment for one reason or another. In this study, skin change was very 
much related to poor prognosis (mortality), and this might suggest skin necrosis as 
an ominous sign of advanced state of the disease. Extensive angioinvasion with vessel 
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thrombosis and tissue necrosis is the pathological hallmark of mucormycosis and was 
noted in all cases of severe disseminated mucormycosis (Spellberg et al, 2005; Frater 
et al, 2001). Angioinvasion facilitates dissemination of fungus from site of infection 
to distant sites (Spellberg et al, 2005). The broad hyphae invade and occlude inter-
mediate/large-sized arteries/veins, resulting in pale/haemorrhagic infarcts (Sravani 
et al, 2014). In the current study, the signs of facial palsy were presented noticeably, 
resulting in initial misdiagnosis as CVA, and patients were admitted initially in medi-
cine and neuromedicine units. Some of these patients had mild palatal involvement or 
swelling and this was the reason for seeking a maxillofacial surgeon’s opinion. Those 
patients had minor to moderate types of surgery, usually involving excision of one 
wall of the maxilla, and /or turbinectomy, with or without functional endoscopic sinus 
surgery to clean the sinuses (Figure 3). Misdiagnosis of mucormycosis patient was 
significantly related to presence of facial palsy, and this led to crucial delay in treat-
ment. Two of those patients passed away because of delay in starting their treatment 
(48 hours).
According to the literature, progression of the infection to the central nervous system 
is heralded by development of confusion and disorientation (Spellberg et al, 2005). 
Central nervous system damage may result from cavernous sinus thrombosis and 
internal carotid artery encasement leading to cerebral infraction and dissemination 
of the disease (Sehgal et al, 2004). The infection rapidly extends into the orbits and 
meninges after causing vasculitis and sinusitis, due to perivascular, perineural, or 
direct invasion by the fungi, causing arteritis, thrombosis, and infarction of the sur-
rounding tissues (Parsi et al, 2013). Mucormycosis can spread some distance from its 
primary focus, along peripheral nerves, a phenomenon that can be identified using 
contrast-enhanced MRI (Margo et al, 2007). Direct spread through cribriform plate, 
and histologically proven perineural extension from cavernous sinus to pons along 
the trigeminal nerve with no parenchymal brain involvement has been reported (Sra-
vani et al, 2014). Facial nerve involvement can be diagnosed by MRI as contrast en-
hancement and widening of the Pterygopalatine fossa, and Meckel’s cave. Geniculate 
ganglion and preganglionic intracanalicular facial nerve are apparent with gadolinium 
enhancement (Safdar et al, 2002). Recent studies have demonstrated spread of Mu-
corales species along peripheral nerves. Additionally, by contrast-enhanced MRI, peri-
neural invasion via the trigeminal nerve has been documented (Sravani et al, 2014). 
Perineural invasion is an important histological feature. Mortality increases when fun-
gus invades the intracranial vasculature (Spellberg et al, 2005). In the current study, 
many of our patients developed signs and symptoms of perineural invasion even in 
absence of deep destruction in the tissue; in fact, most of them had minimal mucosal 
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thickening in sinuses and mild palatal involvement. Recovery from these symptoms 
was reported after medical treatment and surgical debridement of tissues away from 
the intracranial course of the facial nerve, figure 3. The juxtaposition of the Pterygo-
palatine fossa and presence of many connections of vascular and neural tissue make 
it a likely route of perineural invasion to the cranial tissues.
The pterygopalatine fossa has direct extension to the orbital apex via the inferior 
orbital fissure and communicates intracranially via the foramen Rotundum and Vidian 
canal. Meanwhile, the lateral wall of the sphenoid sinus is contiguous to the foramen 
Rotundum which serves as communication between the sphenoid and cavernous si-
nus (Swift and Denning, 1998). The infection extends through the fossa, then to the 
foramen Rotundum and into the middle cranial fossa, with the lesion still limited to 
the extradural space adjacent to the cavernous sinus and Meckel›s cave (Parsi et al, 
2013).
Perineural invasion was reported in 90% of biopsies by Cornley et al, 2014, and in 
72.1% of biopsies by Frater, who hypothesized that perineural invasion is another 
possible mechanism involving the central nervous system (Frater et al, 2001). Moreo-
ver, perineural invasion was associated with angioinvasion, nerve microenvironment 
and neurotropic factors secretion playing a pivotal role in the pathogenesis of perineu-
ral invasion (Sravani et al, 2014).
In the current study one patient had facial palsy with no signs of involvement of any 
other cranial nerve (Figure 3), and perineural extension through the vidian nerve was 
suggested. The Vidian nerve is a continuation of the greater superficial Petrosal nerve, 
and an isolated involvement of the intracanalicular facial nerve within the temporal 
bone appears to have occurred along the nerve sheath of this nerve (Swift and Den-
ning, 1998).
In the current study, the mean HbA1c was very high, and had a significant linear cor-
relation with elevated blood sugar level. This result was supported by many studies 
in the literature. Retrospective analysis of blood glucose in patients in DCCT (Diabetic 
control and complication trials) identified a linear correlation between HbA1c and 
average blood glucose concentrations (Sacks, 2007). Glycated haemoglobin (HbA1c) 
is frequently measured to diagnose diabetes mellitus and monitor glycaemic control 
(Furuya et al, 2014). It is directly proportional to the blood glucose concentration 
over the preceding 8 to 12 weeks. The glycated haemoglobin predicts the progression 
of diabetic micro vascular complications in patients with type 1 and type 2 diabetes 
(Sacks, 2007). Thus, most clinical outcome data that relate glycaemic control to the 
complications of diabetes are based on HbA1c. Glycated haemoglobin can be a pa-
rameter of value to predict the prognosis of the disease; however, further studies with 
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larger sample size are needed to confirm this relation.
Dysglycemia is a major factor in the development of micro- and macro angiopathies 
(Kitada et al, 2010). It induces vascular complications in all organs with large vas-
cular network systems (Oh et al, 2015). Patients with diabetic acidosis are suscep-
tible to Rhinocerebral mucormycosis as acidic sera enhances angioinvasion of fun-
gus, since iron is more freely available and is required for mucor to spread (Chow et 
al, 2015). Hyperglycemic crises are associated with severe an inflammatory state, 
which explains the association of hyperglycaemic crises with a hypercoagulable state 
(Buyukasik et al, 1998). Delayed therapy resulted in increase in mortality compared 
with early treatment and it is an independent predictor of poor outcome (Walsh et al, 
2012).In the present study, the time needed to start the treatment of mucormycosis 
by amphotericin was 6-12 hours, and to mobilize the patients for surgery was 12-
48 hours. The fact that most patients included in the study had delay in treatment is 
attributed to the time spent in the neuromedical department or in the ER for prelimi-
nary investigations and fluid replacement, correction of the acidity state and electro-
lyte imbalance and blood sugar level, in order to get the patient into the best possible 
physiological state. In addition, time was also needed to confirm the diagnosis by 
endoscopy, CT scan or MRI and cytology examination, 
Hyperglycaemia is corrected faster than ketoacidosis. The mean duration of treatment 
needed until blood glucose reaches <250 mg/dl and ketoacidosis (pH >7.30; bicar-
bonate >18 mmol/l) is 6 and 12 hours, respectively (Umpierrez et al, 1997). Infec-
tion is the most common precipitating factor for DKA but mortality attributed to HHS 
is considerably higher than in DKA (Umpierrez et al, 2002; Kitabchi et al, 2009).The 
prognosis of both conditions worsens in extremes of age, in the presence of coma, 
hypotension, or severe comorbidities (Kitabchi et al, 2001). Common features be-
tween CVA and Rhino cerebral mucormycosis include not only weakness in the facial 
muscle deriving from damage to the facial nerve, but also headache, altered mental 
state, and possibly slurred speech. Generalized weakness, especially in elderly pa-
tients, and the signs and symptoms of DKA or HHS may add to the difficulty in mak-
ing an exact diagnosis. Exclusion of CVA in the diagnosis can only be done by careful 
clinical and critical radiological examination (Figure 2). In the current study, patients 
with altered level of consciousness were significantly misdiagnosed as having a CVA 
attack. A considerable percentage of our patients had developed symptoms of mu-
cormycosis after a long period suffering from severe headache, which persisted even 
after a considerable period of treatment. Most of the patients in the study had devel-
oped variable degrees of decreased level of consciousness as measured by GCS (Glas-
gow coma score of consciousness). A moderate level of deterioration of conscious-
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ness was the most frequent, and this deterioration was not correlated to extension of 
the disease. Many studies reported that involvement of the central nervous system 
is heralded by confusion and disorientation (Spellberg et al, 2009). Multiple cranial 
nerve palsies, unilateral periorbital facial pain, blepharoptosis, proptosis, ocular mo-
tility changes, ophthalmoplegia, headache, and acute vision loss all suggest neural 
invasion (Petrikkos et al, 2012). In the current study, alteration in level of conscious-
ness was significantly correlated to patient misdiagnosis as having a CVA attack and, 
according to the literature, mental state alteration is reported in both HHS and DKA 
(Casqueiro et al, 2012), varying from full alertness to lethargy and coma (Umpierrez 
et al, 2002; Kitabchi et al, 2009). Focal neurologic signs (hemianopia and hemipa-
resis) and seizures could also be features of HHS (Kitabchi et al, 2001).In some pa-
tients with DKA or HHS, neurological signs may be the dominant  features, resulting 
in a common misdiagnosis of stroke; however, these  often reverse completely after 
correction of the metabolic disorder (Umpierrez et al, 2002). Many of our patients had 
persistent facial pain even after relief of other symptoms by treatment. Continuous, 
severe, deep facial pain may be explained by the involvement of the trigeminal nerve. 
In the literature, spread of infection can occur from orbit to cavernous sinus and peri-
neurally up to pons and into the maxillary division of the trigeminal nerve (Parsi et al, 
2013). Rhinocerebral mucormycosis appears to be a problem with considerable risk of 
misdiagnosis, and with high mortality rate. New radiographic, molecular, and antigenic 
tools are required to improve early detection therapy and to advance our understand-
ing of mucormycosis (Spellberg et al, 2009).

Conclusion  
Facial nerve weakness is a significant sign in presentation of mucormycosis. A signifi-
cant proportion of such patients are misdiagnosed as CVA with subsequent delay in 
treatment. Increasing the suspicion index for the disease in diabetic patients present-
ing with facial palsy might be helpful in achieving early and accurate diagnosis.
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Abstract:
Background:  Removable partial prosthodontics is reversible treatment method for 
partially edentulous patients at any age. Even thought, recent reports have shown 
a consistent decline in the prevalence of tooth loss during the past few decades, the 
remain significant variation in tooth loss distribution Objectives The aim of the study 
is to detect the incidence of different classes of removable partial dentures according 
to Kennedy classification, age range and gender. Materials and methods the work 
authorization forms for 102 patients requiring RPDs from the clinics of the College of 
Dentistry, Sulaimania University. A one-year period was reviewed for this study. The 
Kennedy classification with the guidelines advocated by Applegate for each partially 
edentulous arch was recorded, and the data was collected for RPD regarding gen-
der and age. Results Females (60.41%) have more RPDs restorations than males 
(39.58%) at the total of 144 RPD100% .Kennedy class II (51.38 %) RPDs more com-
mon than other classes and the female (27.77%) more than male (23.61%)in class 
II And the least common is Class IV(1.38%)only .in relation of distribution of RPD  
by age Most of the RPD are at the age of 45-54 of age (47.22%) and least common 
RPDs at age of 15-24 Years (1.38%) also it is only in the female group The upper P.D. 
(50.69%) is more common than lower  (49.30%). Conclusion In the females, the 
upper class II RPD was the most common incidence at age between 45-54 years.

Keywords Incidence, removable partial denture, partial edentulous

Introduction
Partial edentulousness is a dental arch in which one or more but not all natural teeth 
are missing. Generally, it occurs due to caries, periodontal problems, traumatic in-
juries, impactions, and supernumerary teeth, neoplastic and cystic lesions (Muneeb, 
2013, Zaigham and Muneer, 2010, Ehikhamenor et al., 2010, Abdel-Rahman et al., 
2013). Some studies have reported caries as the main causative agent of tooth 
loss (Prabhu et al., 2009, Reddy et al., 2012, Akinboboye et al., 2014). Accord-
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ing to Zaigham et al., 2010 and Abdel Rahman et al. 2010, dental caries and peri-
odontal disease were the major causes of tooth loss in early childhood and adoles-
cence (Zaigham and Muneer, 2010, Abdel-Rahman et al., 2013). Also, studies have 
documented that age correlates positively with partial edentulism (Muneeb, 2013, 
Ehikhamenor et al., 2010, and Abdel-Rahman et al., 2013). Partial edentulism leads 
to several drawbacks to the subjects including clinical challenges and lifestyle com-
promises. Clinically, partial edentulism results in drifting and tilting of adjacent teeth, 
supra eruption of opposing teeth, alteration in speech, changes in facial appearance 
and temporomandibular disorders (Muneeb, 2013, Zaigham and Muneer, 2010, Ab-
durahiman et al., 2013). Also, the loss and continuing degradation of the alveolar 
bone, the adjacent teeth and also the supporting structures will influence the diffi-
culty to achieve an adequate restoration in a partially edentulous patient (McGarryet 
al., 2012). On the lifestyle compromises, partial edentulous restricts dietary options, 
which lead to weight loss. Further, it leads to lack of confidence and confined social 
activities, which may adversely affect the quality of life and lead to psychological dis-
satisfaction (Muneeb, 2013). The primary purpose for the classification of partially 
edentulous arches is to identify potential combinations of teeth to edentulous ridges 
in order to facilitate communications among dental colleagues, students, and techni-
cians. Such classification should allow longitudinal comparison of the incidence of the 
various classes of RPDs. Moreover, the trends in the incidence of the various classes 
of RPDs being fabricated should be reviewed periodically to serve as teaching guide-
lines (Curtis et al., 1992).Partially edentulous arches have been classified by various 
methods. The possible combinations of partial edentulism are more than 65,000 de-
pending on their incidence in maxillary and mandibular arches (Zaigham and Muneer, 
2010, Naveed et al., 2011). The primary objective of the classification is to facili-
tate the communication about the combination of missing teeth to edentulous ridges 
among students, dental practitioners and laboratory technicians (Muneeb ,2013, 
Abdel-Rahman et al, 2013, Naveed et al., 2011,  Keyf, 2001, Sadiq and Idowu, 2002 
, Patel et al. ,2014, Khalil et al, 2013).Kennedy’s classification is widely studied and 
clinically accepted by Dental Community among the various methods of classification 
like, Applegate, Avant, Neurohar, Eichner, ACP (American College of Prosthodontics) 
(Zaigham and Muneer , 2010, Ehikhamenor et al , 2010, McGarry et al., 2012, Patel 
et al., 2014). As per Kennedy’s classification, there are four main types of partially 
edentulous arches as Class I, Class II, Class III and Class IV. Kennedy’s classifica-
tion is widely accepted to its advantages of immediate visualization and recognition of 
prosthesis support (Zaigham and Muneer, 2010, Ehikhamenor et al., 2010, Naveed et 
al., 2011). To serve teaching guide lines the patterns in the incidence of the various 
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classes of RPD should be reviewed periodically (Zaigham and Muneer, 2010, Hikmat 
and Judy, 2009). Partial edentulism is one of the widely studied topics in dentistry. 
The pattern of partial edentulism has been evaluated in many selected populations 
in different countries. Several studies have analyzed the correlation between partial 
edentulism and its influencing factors such as socio-economic parameters, age, gen-
der, etc, (Muneeb, 2013, Zaigham and Muneer, 2010, Abdel-Rahman et al., 2013, 
Prabhu et al., 2009, Reddy et al., 2012, Abdurahiman et al., 2013, Sadiq and Idowu, 
2002, Khalil et al. 2013, Sapkota et al., 2013, Hoshang et al., 2013, Niarchou et al., 
2011). Few studies also have analyzed the awareness among the subjects to replace 
the missing teeth (Muneeb, 2013, Prabhu et al., 2009, Akinboboye et al., 2014, Ab-
durahiman et al., 2013, Hikmat and Judy, 2009, Esan et al., 2004, Sapkota et al., 
2013, Harvey and Hoffman, 1989).
Removable partial Prosthodontics is a versatile, cost-effective, and reversible treat-
ment method for the partially edentulous patient at any age. With the changing 
trends in dental treatment that favour retention of natural teeth, a decline in the 
number of complete dentures with an increase in the number of RPD is anticipated 
(Zaigham and Muneer, 2010).
Most of the studies on partial edentulousness have been established in different coun-
tries (AL-Dosari et al., 1997, Pallegedara and Ekanayake, 2005, Haugejorden et al., 
2003, Manji et al., 1988). So the aim of this study is to evaluate different schemes of 
edentulous state based on Kennedy’s classification of partial edentulousness regarding 
age and gender.

 

Figure1: showing different Kennedy classification for RPDs.
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Materials and Methods
The study work authorization forms were prepared for 102 patients requiring RPDs 
from the Prosthodontics department’s clinics in the College of Dentistry. Before com-
mencing the study, clearance form from the Ethical Committee was acquired in Su-
laimania University. A one-year study period was reviewed with the guide lines advo-
cated by Applegate and the data was then collected in terms of gender and age. The 
survey was based on visual examination in clinic by seating the patient on the dental 
chair and using the mouth mirror for determining the incidences of Kennedy’s classi-
fication. The modification areas were recorded location of missing teeth, the types of 
RPD restorations (acrylic resin or metal), and the data related to age and gender.

Results
The total patients seek the Prosthodontics department of the College of dentistry. 
They were of 102 (204 arches), {53 (51.96)} females and {49 (48.03)} males with a 
total RPDs of different cases of 144 as seen in Table 1 and 2. 

Table 1: Distribution of samples per gender

In Table 2, the distribution of RPDs among the age and gender, were presented, 
Class II was the greatest incidence ratio of {74 (51.38 %)}.The females percentage 
of {40(27.77%)} were more than that of males {34(23.61%)}. In the second place 
was class I and females of {28(19.44%)} were also more than males {20(13.88%)}, 
while in the third place class III and the females were of {17(11.80%)} more than 
that of males {3(2.03%)}. The least ratio of was with class IV of {{2(1.38%)} and 
only reported in females. In term of age, distribution, in total the highest incidence 
number were reported in age between 45 and 54 {68(47.22%)}, then between 55 
and 64 {40(27.77)}.While the lowest incidence were noticed at age between 15 and 
24{2 (1.38%)}.
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Table2: Distribution of RPDs according to Kennedy classification on age and gender

In this study the ratio and distributions of different types of RPD Kennedy classi-
fication were noticed on upper and lower jaws. The RPD in the upper arch was of 
{73(50.69%)} and that of class II were of {38(26.38%)} more than that identified in 
other classes (I, III,IV)of{22(15.27%)}, {12(8.33%)},and {1(0.69%)} accordingly. 
The lower arch incidence were less than that of upper arch with {71(49.30%)}, also 
class II of {36(25%)} was more than that of class I, III and IV with {26(18.05%)},{
8(5.55%)},{1(0.69%), respectively.

Table 3: Distribution of different types of RPD on upper and lower jaws
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Discussion
The results showed the greater frequency of RPD class II partially edentulous cases. 
This may disagree with a study reported by Hikmat and Judy, 2009 and Hoshang et 
al., 2013. The least frequency in class IV and this could agree with both Hikmat and 
Hoshang et al., 2013. This may be due to less care applied to the posterior teeth 
which making them more susceptible to the dental caries. As a result to this a pos-
terior teeth may lost buy extraction while the patient apply more care and attention 
to anterior teeth to not to be extracted. These results also indicated that the RPDs in 
females were more frequently than males and this is may be due to females taking 
care of themselves more than males. On the other hand, this may be partly related to 
female samples size in this study which is larger than that of males. This might agree 
with (Hikmat and Judy, 2009) and disagree with the studies by (Niarchou et al., 2011, 
McGarryet et al., 2012). In term of age distributions of RPDs, the greater frequency 
was {68(47.22%)} at age between 45 and 54, Class II was the greater incidence 
than other reported classes at the same age range. while at age range between15-24, 
the frequency of {2 (1.38%)} was the less. This could be due to less susceptibility 
to teeth loss in young age. This may be in agreement with Sadig (Sadiq and Idowu, 
2002) and disagree with (Hoshang et al., 2013). The frequency of RPDs were slightly 
greater in the upper arch {73(50.69%)} than the lower arch {71(49.30%)}.This 
could in agreement with Sadig and Idowu, 2002 and disagree with the study conduct-
ed by both Hikmat and Judy, 2009 and Hoshang et al., 2013)

Conclusion
Class II Kennedy classification was the most common incidence among RPD cases, 
and more frequently in females than males. The age was effected greatly by the inci-
dence of RPD with slight differences in the between upper and lower arches.
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