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Abstract

Aim The present study was planned to investigate the

etiology of injuries and to analyze correlation between

clinical and radiological findings in cases of craniomax-

illofacial trauma.

Study Design An 18 months cross-sectional study was

done and 325 patients with maxillofacial fractures were

analyzed from January 2013 to June 2014 who reported to

the department of oral and maxillofacial surgery, Aligarh,

Uttar Pradesh. Data was recorded in a preformed case sheet

which included: patient’s demographic data, cause of

injury, type of injury, treatment plan.

Results Out of the 325 patients, 74.4 % were males with

a male: female ratio of 2.91:1. The 21–30 year age group

was found to be maximum. Road traffic accidents

accounted for 71.3 %, followed by fall from height (19 %)

and assault (9.5 %). Most commonly involved vehicles

were two wheelers followed by public transport.

Mandibular fractures (65 %) were most prevalent, fol-

lowed by zygomaticomaxillary complex (44.27 %), pari-

etal bone (48 %) and orbital fractures (21.3 %). Thirty-

seven fractures (7.14 %) were missed clinically which

were confirmed later by radiographic technique. Maximum

were in cranium region (57 %) followed by mandible

(27 %), mid face region (16.21 %). Thirty-three fractures

(6.37 %) were overestimated or suspected clinically which

could not be confirmed by radiographic technique. Maxi-

mum were in mandible (48.5 %) followed by mid face

(36.33 %) and cranium (15.15 %).

Conclusion The idea behind this article is to analyze the

various trends and affecting factors and correlation

between clinical and radiological findings. A better

understanding of the above said would help in future

treatment planning and management of facial injuries.

Keywords Meta analysis � Craniomaxillofacial trauma �
RTA � Assault � Clinical diagnosis � Sensitivity �
Specificity

Introduction

All aspects regarding trauma have a great importance in the

world today, being among the main causes of morbimor-

tality. Each day, about 16,000 people die because of trauma

[1]. Among the numerous injuries seen in urban trauma

centers, facial trauma is one of the most prevalent. Since it is

the most exposed part of the body, and the one least pro-

tected, the face is the region which is most associated with

other organs or systems in emergency centers [2]. Cran-

iomaxillofacial traumas are of common occurrence and their

etiology depends on literacy level, socioeconomic, cultural

and environmental factors [3]. This is an important health

issue since most of the causes are preventable causes [4] and

clear understanding of the demographic patterns of cran-

iomaxillofacial injuries is necessary. Maxillofacial fractures
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lead to severe morbidity, cosmetic disfigurement as well as

problems in oral functioning. Such epidemiological infor-

mation can also be used to guide the future funding of public

health programs geared towards prevention. Long term

study data on craniomaxillofacial trauma are available for

western countries. However, their finding cannot be corre-

lated with Indian population because of different cultural

and educational level and different weather conditions.

To our knowledge, no studies have been done so far to

find out the etiological factors and to estimate the extent of

craniomaxillofacial trauma in Western Uttar Pradesh,

India. Oral and Maxillofacial Surgery Department of Dr.

Ziauddin Ahmed Dental College, Aligarh is the major

craniomaxillofacial trauma center which caters to the need

of treatment to a large population of this region. Thus, this

study was planned to study the demographic characteristics

of craniomaxillofacial trauma in this region.

Aims and Objectives

The study was conducted to assess the etiological factors,

pattern and demographic distribution of fractures at dif-

ferent sites of craniomaxillofacial skeleton and establish-

ment of clinical and radiological correlation between the

incidences of craniomaxillofacial trauma.

Materials and Methods

All the patients reporting to the outpatient Department of Oral

and Maxillofacial Surgery, Dr. Ziauddin Ahmed Dental

College and emergency department of Jawaharlal Nehru

Medical College and Hospital, Aligarh, Uttar Pradesh from

January 2013 to June 2014 having craniomaxillofacial inju-

ries were evaluated and data was recorded in preformed case

sheet. Data collected included: patient’s demographic data,

cause of injury, type of injury, associated injuries, treatment

plan. It was a prospective cross-sectional descriptive hospital

based study. Patients with fatal injuries and patients or rela-

tives (in case the patient is unconscious) who did not consent

were excluded from the study. Institutional ethical clearance

and patient consent were taken. The diagnosis was based on

clinical and radiological findings. Routine radiographs inclu-

ded Occipitomental (OM) views, Submentovertex (SMV),

Orthopantomograph (OPG), and Computer tomography (CT)

scans. Obtained data was checked for completeness and

clarity then entered into the computer and analysis was done

using Statistical package for social sciences programme

(SPSS) windows 7 version .19.

Observations and Results

Demographic Profile of Patients

A total of 325 patients with craniomaxillofacial injuries

were studied. Craniomaxillofacial fractures were more

frequent in males (242 cases) (74.4 %) than in females (83

cases) (25.6 %) patients (Fig. 1a). Age group which was

most affected by craniomaxillofacial trauma was

21–30 years (92 cases) (28.30 %) followed by 31–40 years

(62 cases) (19 %) and was lowest among 00–10 years (15

cases) (4.6 %) (Fig. 1b). Among gender distribution, males

and females both showed maximum frequency of cran-

iomaxillofacial trauma in the age group of 21–30 years

(27 % for males and 33 % for females).

Etiology of Injury

The main causes of fractures in the overall population of

patients were: Traffic accident (71.3 %, n = 232), fall

from height (19 %, n = 62), assault (9.5 %, n = 31).

Traffic accident or automobile accidents was by far the

most common (71.3 %) cause of fractures in patients. The

main cause of fractures was road traffic accident both in

Fig. 1 a Gender distribution of

Craniomaxillofacial trauma.

b Age distribution of

Craniomaxillofacial trauma
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males (71 %, n = 173) and in females (73 %, n = 60)

(Fig. 2a, b).

Fractures Pattern

Totally 325 patients were studied with 518 fractures. Most

of the fractures involved the mandible (65 %, n = 337)

followed by mid face fractures (25.3 %, n = 13). Among

fractures involving two of the three components of our

study, fractures involving mid face and mandible were

highest (08 %, n = 28) and fractures involving all the

three, cranium, mid face and mandible bone (0.9 %,

n = 03) were the least.

Mandibular fractures were mostly of condylar region

(26.11 %, n = 88) followed by angle fractures (25.22 %,

n = 85). Other fractures in mandible were parasymphysis

(24 %, n = 81), followed by body (14.24 %, n = 48),

symphysis (09 %, n = 29), mandibular alveolus (1.1 %,

n = 04) and ramus (0.6 %, n = 02). There was no

fracture noticed in coronoid region in our study (Fig. 3a).

Mid face fractures were mostly of zygomaticomaxillary

complex region (44.27 %, n = 58) followed by orbital

fractures (21.3 %, n = 20). Other fractures in mid face

were maxillary bone fractures (11.4 %, n = 15), fol-

lowed by nasal bone (8.3 %, n = 11), maxillary alveolus

(7.6 %, n = 10) and palatal bone fractures (6.8 %,

n = 09) (Fig. 3b). Cranium fractures were mostly of

parietal bone (48 %, n = 24) followed by frontal bone

fractures (30 %, n = 15) and temporal bone fractures

(22 %, n = 11). There was no fracture noticed in

occipital bone region in our study (Fig. 3c).

Missed Fractures

Totally 37 fractures (07.14 %) were missed clinically in

our study which was confirmed later by radiographic

technique. Out of these, maximum were in cranium region

(57 %, n = 21) followed by mandible (27 %, n = 10) and

mid face region (16.21 %, n = 06) (Fig. 4a). Site distri-

bution of missed fractures among mandible, mid face and

cranium is shown in Fig. 4b–d respectively.

Overestimated Fractures

Totally 33 fractures (6.37 %) were over estimated or sus-

pected clinically in our study which could not be confirmed

by radiographic technique. Out of these, maximum were in

mandible region (48.5 %, n = 16) followed by mid face

(36.33 %, n = 12) and cranium (15.15 %, n = 05)

(Fig. 5a). Site distribution of overestimated fractures

among mandible, mid face and cranium is shown in

Fig. 5b–d respectively.

Fig. 2 a Etiological distribution among craniomaxillofacial trauma. b Individual etiological distribution among Craniomaxillofacial injuries

Fig. 3 a Mandibular fracture site distribution. b Midface fracture site distribution. c Cranium fracture site distribution
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Sensitivity of Clinical Diagnosis

Sensitivity of a test is defined as the proportion of

people with disease who will have a positive result [5].

In the present study, sensitivity of clinical diagnosis can

be defined as the proportion of actual number of frac-

tures of total fractures which were clinically identified.

Sensitivity was 70 % in cranium fractures and 95.60 and

Fig. 4 a Missed fracture

distribution. b Site distribution

of missed fractures in mandible.

c Site distribution of missed

fractures in mid face. d Site

distribution of missed fractures

in cranium

Fig. 5 a Overestimated fracture

distribution. b Site distribution

of overestimated fractures in

mandible. c Site distribution of

overestimated fractures in mid

face. d Site distribution of

overestimated fractures in

cranium
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97.11 % in mid face fractures and mandibular fractures

respectively.

Specificity of Clinical Diagnosis

Specificity of a test is defined as the proportion of people

without the disease who will have a negative result [5].

Specificity was 98.9 % in cranium fractures and 97.00 and

92.30 % in mid face fractures and mandibular fractures

respectively.

Positive Predictive Value of Clinical Diagnosis

The positive predictive value (PPV) of a test is defined as

the proportion of people with a positive test result who

actually have the disease [6]. Positive predictive value can

be defined as total proportion of clinically suspected frac-

tures out of total fractures which were actually having

fractures. It was 91 % in cranium fractures, 91.60 and

95.40 % in mid face and mandibular fractures respectively.

Negative Predictive Value of Clinical Diagnosis

The NPV of a test is the proportion of people with a

negative test result who do not have disease [6]. Negative

predictive value can be defined as total proportion of

clinically suspected normal or non fractured bones out of

total fractured bones which were actually not fractured. It

was 97.70 % in cranium fractures, 98.50 and 95.02 % in

mid face and mandibular fractures respectively. In our

study, ‘‘Disease’’ is fracture of craniomaxillofacial bones

and the diagnostic test is the ‘‘Clinical diagnosis’’.

So, the ability of clinical diagnosis to detect all fractured

bones in cranium and mid face is good but poor in

mandible whereas the ability of clinical diagnosis to

exclude fractured sites is good for mid face and mandible

but very poor for cranium.

Discussion

In the present study, there was male prevalence with a male

to female ratio of 2.91:1. Prasad [7] studied the charac-

teristics of associated craniofacial trauma in patients with

head injuries in 100 cases in Mangalore and found a male

to female ratio of 8.09:1. Adebayo et al. [8] also recorded

in their epidemiological survey report of maxillofacial

fractures and concomitant injuries in Kaduna, Nigeria a

male–female sex ratio of 3.7:1. Our finding correlates with

the above surveys and that from Uganda (7.7:1) [9],

Switzerland (6.2:1) [10] and Nairobi (8.4:1) [11]. When

compared with studies from United Arab Emirates (11:1)

[12] and Nigeria (16.9:1) [13], this figure is relatively low

but is in unisense with studies from Korea (3.2:1) [14],

Scotland (3:1) [15], Innsbruck (2.1:1) [16] and Finland

(1.6:1) [17]. The higher percentage of males in this regard

is related to the observation that in most of the families,

males extensively work outdoors in order to earn the

livelihood for the family which in turn makes them more

susceptible to involve in RTA and assault. Mohajerani and

Asghari [18] analysed the pattern of maxillofacial fractures

in north western Iran and state that road traffic accident was

the commonest cause (40 %) and the age group of 21–30

comprised the biggest group (30 %). Adebayo et al. [8]

reported in their epidemiologic survey that the age range

was from 3� years to 67 years (mean = 39.7) with a peak

incidence in the 4th decade (n = 197, 36.3 %) with a

male–female sex ratio of 3.7:1. In the present study, most

commonly affected age group was 21–30 years as found in

many other studies [9, 13, 19, 20]. This could be because

people in this age group usually complete their education

and venture out in search of jobs; are involved in more

outdoor activity making them more vulnerable to injuries

as compared to other age groups. The predominance of

injured males in the age group 21–30 years is consistent

with the findings of previous published work [21–23].

Craniomaxillofacial injuries, like injuries elsewhere in

the body, are caused by a known and relatively constant

set of etiological factors. The results of epidemiological

surveys on the causes and incidence of maxillofacial

fractures tend to vary with geographic region, socioeco-

nomic status, culture, religion, and era [21–25]. Road

traffic accidents, assaults and fights, falls, sports injuries,

industrial accidents, home accidents and domestic vio-

lence, firearm/firearm injuries and animal bites/accidents

are the commonly recognized and reported etiological

factors. Also, it is evident from the results that the

majority of injuries occurred due to road traffic accidents,

firearm wounds, and fall from height, etc., where men are

often exposed to such hazards. Batista [26] studied 1121

patients with 790 instances of oral and maxillofacial

trauma in Public Hospital in Guanhae, Brazil and found

the cause of injury differed greatly between rural and

urban areas, with car accidents, violence, and sports

accidents being the most common cause in urban areas

and accidents involving animals causing most injuries in

rural areas. Hwang and You [27] after analyzing facial

bone fractures in an 11-year study of 2094 patients found

that the most common etiology was violent assault or

nonviolent traumatic injury (49.4 %). Road traffic acci-

dent is a major cause of maxillofacial injury in our study.

Our finding correlates with the findings of other studies

[9, 12, 28–30] in respect to RTAs being the main etio-

logical factor for maxillofacial fractures. This could be

due to the fact that there is lack of individual sensitization

about importance of safety devices of the vehicle, people
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are less adherent to safety rules and regulation, (most of

the vehicles do not have all the safety devices), ambiguity

of clear road traffic signal, congestion on the road because

of either no separate pathways for pedestrians or less

space, large numbers of overloaded buses and poorly

maintained two wheelers.

Analytic data of different modes of injury in different

studies is given in Table 1. Maryam et al. [34] suggested

that the use of seat belts reduces the number of mid face

injuries. The relationship between use of seat belts and the

incidence of mid facial injuries requires further study.

There are general indications that interpersonal violence is

the leading cause of maxillofacial injuries in developed

nations and that traffic accidents are the main cause of such

injuries in developing countries [36–40]. According to the

World Health Organization (WHO), road traffic injuries are

the sixth leading cause of death in India with a greater

share of hospitalization, deaths, disabilities and socioeco-

nomic losses in the young and middle-aged population

[40]. Road traffic injuries also place a huge burden on the

health sector in terms of pre-hospital and acute care and

rehabilitation [41]. Hill et al. [37] and Voss [38] reported

assault as the predominant cause of craniomaxillofacial

fractures in England and Norway, respectively. The 9.5 %

incidence of craniomaxillofacial bone fractures in our

study caused by assault contrast vividly with the figure of

55 % reported from Scotland [31], a finding that may be

related to differences in social customs and alcohol intake.

Hwang and You [27] after analyzing facial bone frac-

tures in an 11-year study of 2,094 patients found that the

most common isolated fracture site was the nasal bone

(37.7 %), followed by the mandible (30 %), orbital bones

(7.6 %), Zygoma (5.7 %), maxilla (1.3 %) and the frontal

bone (0.3 %). Kapoor and Kalra [42] found in retrospective

analysis of maxillofacial injuries, in patients reporting to a

tertiary care hospital in East Delhi, that the injuries were

most frequently observed in the mandible followed by the

midface. In the present study, the most common location of

the craniomaxillofacial fractures was found to be lower

third (65 %). This finding correlates with the findings of

other studies where lower third fractures were found to be

maximum [9, 17, 28, 43, 44] but in contrast with other

studies where mid face was involved most [9, 16, 45–47].

Mandible/lower third of face was the most commonly

involved bone in our study. Although being the heaviest

and strongest facial bone, the mandible is more prone to

fracture because of its anatomical peculiarity in form and

location and being the only movable facial bone. Various

studies have also shown the mandible to be the most

affected bone [9, 12, 17, 25, 28, 31, 32, 35, 47–50] But

other studies accounted Zygoma to be the maximally

involved bone [50, 51]. A report with high values of RTA

tended to present predominantly condylar fracture in the

present study. Other studies have confirmed this finding

[12, 15, 48–50]. Some studies reported fractures of the

body to be the most frequent mandibular fracture sites [9,

15] while many others showed symphysis [52] and

parasymphysis [53] related to road traffic accident mode.

This can be explained due to the fact that most of the

commercially available helmets for two wheelers do not

cover the total facial area especially the chin. Trauma on

chin due to road traffic accidents results in indirect trauma

to the condyle. It is a known fact that condylar fractures are

often a result of an indirect trauma to the chin. This is the

trauma mechanism for more number of condylar fractures

seen in our study. In case of trauma from assault, angle of

the mandible was the common site for fracture which is in

accordance to other studies [9, 15, 32, 47, 53]. This is

because as the angle is a weak region due to thinner cross-

section and presence of third molar, lateral impact forces

enforced on angle region leads to its fracture.

Kamulegeya [54] in his study found that symphysis and

maxillary fractures were the most common mandibular and

mid-facial fractures. Bali and Sharma [55] concluded in their

study that mandible was the most commonly fractured bone

with parasymphysis being the commonest affected site. In

our study, condylar fracture was the most common fracture

that occurred in the mandible. This finding correlates with

Table 1 Analytical data of different modes of injury in different studies

Region Total patients (n) RTA (%) Assault (%) Fall from height (%) Sports (%)

Jeju, Korea (Lee et al. [14]) 318 17 40.9 9.1 11.9

Ugandan (Kamulegeya et al. [9]) 132 56.06 34.84 – 3.79

Brazil (Maliska et al. [31]) 132 48.4 36.4 9.8 –

Southern Bulgaria (Bakardjiev and Pechalova [19]) 1706 15.5 61 12.5 –

Piracicaba, Brazil (Brasileiro and Passeri [32]) 1024 45 22.6 17.9 7.8

Hamedan, Iran (Ansari [33]) 2268 60 10 18.9 1.05

Diyrbakir, Turkey (Erol et al. [34]) 2901 38 10 36.7 1.1

Northern Nigeria (Olasoji et al. [35]) 306 36 48 9 4

Ibadan, Nigeria (Fasola et al. [29]) 483 69.2 12 9.1 5.2
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findings of other studies [12, 16, 32, 50, 56–58]. However, in

contrast to our study, various studies have reported that most

common mandibular fracture site was body of the mandible

[15, 28, 31, 35, 52, 59–61] followed by parasymphysis [62–

64] symphysis [9] and angle of the mandible [14]. This could

be explained by the fact that there are high chances of impact

transfer to the condylar region in cases of injuries to mand-

ible due to the high velocity road traffic accidents.

Ravindran [65] carried out a met analysis of Maxillo-

facial Trauma and found that there was an increased inci-

dence of mid face fractures when compared to mandibular

fractures. Most common site of mandibular fracture was in

the parasymphysis region and in the mid face was the

zygomatic complex region. In our study, Zygomatic com-

plex was most common site of fracture, which correlates

with other studies [10, 16, 28, 31, 32] whereas maxillary

bone was found to be most commonly involved in some

studies [9, 12, 47] and nasal bone fractures in others [14].

This finding may be correlated because of the fact that

zygomatimaxillary complex is most prominent portion on

the face and apart from mandible it is most vulnerable to

the injuries caused by the road traffic accident or assault.

Several studies dealing with missed injuries and delayed

diagnoses have been published and report an incidence of

1.3–39 %. Analytic data of different studies regarding missed

injuries is given in Table 2. Many authors limited their

investigations to a special field of interest. Different studies

have used different definitions to determine clinical signifi-

cance. Some publications focused on those missed injuries

that were associated with high morbidity and mortality

because of delayed diagnosis [70, 72]. Others used the

requirement of further surgical procedures as criteria to define

clinically significant missed injuries [68]. In our study many

fractures were missed clinically or were diagnosed as other

fractures because of local condition, unusual presentation.

Such as parasymphysis fractures were diagnosed as symph-

ysis fractures due tonoappreciative stepdeformationon lower

border of mandible. Condylar fractures were not clinically

suspected as they present with little or no loss/limitation of

function. In mid face, orbital fractures could not be appreci-

ated because of circumorbital oedema and ecchymosis. In

cranium, parietal bone fractures were very difficult to find out

clinically. Many a time, patient noncooperation was a major

factor. In our study,we found that 37 fractures (07.14 %)were

missed clinically in our study which was confirmed later by

radiographic technique. Out of these, maximum were in cra-

nium region (57 %, n = 21) followed by mandible (27 %,

n = 10) and mid face region (16.21 %, n = 06) (Fig. 4a).

Site distribution of missed fractures among mandible, mid

face and cranium is shown in Fig. 4b–d respectively.

Many fractures were clinically suspected because of the

extreme tenderness of the overlying soft tissue and history

of trauma, fracture pattern and sometimes due to the

patient’s noncooperation. In our study, 33 fractures

(6.37 %) were over estimated or suspected clinically which

could not be confirmed by radiographic technique. Out of

these, maximum were in mandible region (48.5 %, n = 16)

followed by mid face (36.33 %, n = 12) and cranium

(15.15 %, n = 05). (Figure 5a) Site distribution of over-

estimated fractures among mandible, mid face and cranium

is shown in Fig. 5b–d respectively.

The sensitivity of clinical diagnosis in case of cranium

was found to be 70 % of total fractures. In case of mid face

and mandible, 95.60 % of total fractures having mid face

involvement and 97.11 % of total fractures involving

mandible were noticed clinically. Specificity of clinical

diagnosis in case of cranium was 98.95 % whereas in mid

face and mandible, 97 and 92.3 % of normal bones were

clinically approved as none fractured respectively.

Positive and Negative predictive values describe a

patient’s probability of having disease once the results of his

or her tests are known. In case of cranium, only 91 % of

clinically suspected fractures were actually having fractures.

Whereas in case of mid face and mandible, 91.6 and 95.40 %

of clinically identified fractures were actually fractured.

In cranium, 97.7 % of clinically non fractured bones out of

total fracturedboneswere actually not having fractureswhereas

inmid face andmandible, 98.50 and 95.02 % clinically normal

appearing bones were actually normal or not fractured.

Conclusion

In the present study, males were more affected with a male

to female ratio of 3:1. Most commonly affected age group

was 21–30 years. Majority of injuries occurred due to road

Table 2 Analytical data of

different studies regarding

missed injuries

Study Total patients Population Total missed injuries (%)

Wei et al. [66] 3081 Emergency radiology

patients

3.7

Kalemoglu et al. [67] 709 Major trauma patients 4.8

Brooks et al. [68] 65 Major trauma patients 22.2

Vles et al. [69] 3879 Trauma patients 1.3

Buduhan et al. [70] 567 Multiple trauma patients 8.1

Janjua et al. [71] 206 Trauma patients 39
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traffic accidents, fall from height and physical assault and

firearm wounds. The most common location of the cran-

iomaxillofacial fractures was found to be lower third

(65 %). A report with high values of RTA tended to present

predominantly condylar fracture in the present study. In

case of trauma from assault, angle of the mandible was the

common site for fracture and condylar fracture was the

most common fracture that occurred in the mandible.

Zygomatic complex was most common site of fracture in

mid face region. Sensitivity and specificity testing of

clinical diagnosis showed that, cranium was involved in

70 % cases, mid face and mandible were involved in 95.6

and 97.11 % respectively. Predictive values reveal that,

98.95 % of non fractured bones out of total fractures were

clinically identified as normal in cranium region whereas in

97 and 92.3 % of normal bones were clinically approved as

non-fractured in mid face and mandibular regions respec-

tively. The ability of clinical diagnosis to detect all frac-

tured bones in cranium and mid face is good but poor in

mandible whereas the ability of clinical diagnosis to

exclude fractured sites is good for mid face and mandible

but very poor for cranium. In the management of cran-

iomaxillofacial trauma patients, radiographic examination

should precede the planning by any treatment. Computer-

ized CT scans with 3D reconstruction should also be used

rather than prescribing plain radiograph only as the former

would give complete information about the fractures.
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