
INTRODUCTION
The human skull is studied in two parts. These are, the neurocranium 
and the viscerocranium. The neurocranium surrounds the brain, 
eyes and inner and middle ears. The viscerocranium, which is neural 
crest derived, consists of fourteen bones. Seven of which form the 
bony orbit [1].

Each orbital opening is quadrangular with pyramidal shaped cavity. 
The lateral wall is the thickest wall of the orbit, separating the orbit 
from the middle cranial fossa. Anteriorly it separates the orbit from 
the infratemporal fossa.

The lateral orbital wall is triangular in shape, formed by the sphenoid 
bone posteriorly and zygomatic bone anteriorly [2]. The zygomatic 
bone contains zygomatico-facial and zygomatico–orbital foramina 
through which respective nerves traverse. These nerves are 
branches of the maxillary division of trigeminal nerve which is the 
�fth cranial nerve giving sensory supply to head and neck region. 
These nerves when traumatized, causes enormous pain and 
discomfort to the patient. 

The lateral orbital wall is preferred by neurosurgeons for retro-
orbital surgeries and other maxillo-facial surgeries. Headaches and 
temporary or permanent loss of sensation in the area are caused by 
neurovascular compromise, inappropriate intraneural anesthetics, 
nerve traction during surgical maneuvers or compression of nerve 
by scar tissue. 

These foramina show variation in number and locatio indicating 
embryological processes. In adults partially or complete bipartite 
and tripartite zygomatic bones are not uncommon occurrence [3].

The variation in number, morphology and location of foramina, 
notches, ossicles and various such features have been used as 
anthropological marker for differentiating population and races [4].

Figure: Showing zygomatico-facial foramina in dry adult human skull

MATERIALS AND METHOD
The study was conducted in the department of Anatomy, Shri Guru 
Ram Rai Institute of Medical & Health Sciences (SGRRIM &HS) Patel 
Nagar, Dehradun over a period of 18 months. 

The morphometric study was cross sectional type with sample size 
of 60 dry adult human skulls which were examined randomly using 
vernier calipers (Castroviejo and Sliding).

The number  and location of ZO and ZF foramina were recorded on 
each side from inferior orbital �ssure and zygomatico–frontal suture 
using vernier calipers.

The foramina were classi�ed according to their number into 
following types for simpli�cation.

Type I - one foramen
Type II -two foramina
Type III - three foramina
Type IV - four foramina
Type V - zero foramina

After examination, images of specimen were recorded. The data 
collected was analyzed using Descriptive or Exploratory Analysis.
The data collected was analyzed under following categories
Ÿ Percentage distribution of type of foramina present in sample.
Ÿ Mean distance of foramina from inferior orbital �ssure (IOF).
Ÿ Mean distance of foramina from zygomatico-frontal suture 

(ZFS).

RESULTS
The types of foramina present in the sample were maximum for type 
I with 47.30% followed by 34.02% of type II, 10.37% of type V and 
8.30%type III foramina.  Type IV foramina was found to be absent ( 
Table 1). 

Table 1: Type of Foramina present in the sample.
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Type of foramina   No. Percent
 Type I   114   47.30
 Type II   82   34.02
 Type III   20   8.30
 Type IV   0   0
 Type V   25   10.37
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The mean distance of ZO foramina from IOF on right and left side 
was observed to be 1.88cm and 1.85cm with a SD of 0.63. ZF 
foramina from IOF were seen to be 2.27cm and 2.26cm with a SD of 
0.41 respectively. On an average mean distance being 2.04cm with 
SD+/-0.56 from IOF (Table 2). 

Table 2:  Mean distance of foramina from IOF

The mean distance of ZO foramina from ZFS on right and left side 
was measured to be 2.26 cm and 2.31 cm respectively with a SD of 
+/- 0.49. The mean distance of ZF foramina was found to be 2.46 cm 
and 2.56 cm respectively with SD of +/- 0.75. The above data has 
been tabulated in (Table 3). The majority of specimens had more 
than one type of foramina.

Table 3: Mean distance of foramina from ZFS 

DISCUSSION
The zygomatic foramina (ZO and ZF), which serve as exit sites for 
respective terminal maxillary nerve branches, have been reported 
as important landmarks used by neurosurgeons, plastic surgeons 
and oral and maxillofacial surgeons in osteotomies across the 
zygoma as stated by Chanda & Nanda, 2002;[5] Gonzalez et al., 
2002[6]. 

 In case of both ZO and ZF foramina, the presence of one foramen 
was most common (47%) and no specimens were noted with four ZT 
foramina. The variation of the ZF foramen was also reported by 
Martins et al. 2003. In their study, a single ZF foramen was reported 
in 50% of the specimens, while the frequencies of two, three, four 
and zero foramina were reported as 25%, 0.04%, 0.001% and 21.5%, 
respectively[7].  However, in the present study the occurrence of 
zero ZF foramina was approximately double. This discrepancy can 
be attributed to the different sample sizes used in the studies. A 
study by Kim et al. 1997 [8], examined the variations of the ZF and ZT 
foramina in 192 skulls of exclusively Korean descent. The absence of 
the ZF and ZT foramina were noted as 12.0% and 7.3%, respectively, 
which is similar to our �nding of 10.37% of ZF foramina. This can be 
attributed to the differences in shape, contour and size of the 
zygomatic bone, which contributes to the unique facial structures in 
individuals among all races. It has been observed that the zygomatic 
bones are larger particularly among individuals of Asian descent, 
contributing to their more prominent cheekbones, in comparison 
to those of European decent as stated by Comas, 1960[9] . 

 The incidence of foramina, is one of a non-metrical variants that are 
often used by anthropologists as markers in differentiating 
populations and races as observed by Mangal et al., 2004[10]. Skulls 
with absent ZF foramina have been reported in archeological sites in 
Argentina by José et al., 2000[11], while those with double ZF 
foramina were common in Drimolen, South Africa by Keyser, 
2000[12]. This variation in the zygomatic foramina can play 
potentially important role in different races. Embryological studies 
by DuBrul, 1988[13] , have reported that the division of the maxillary 
nerve may occur before entering the zygomatic bone, contributing 
to ZO, ZF, and ZT foramina and their respective nerves 

In Gray’s Anatomy there is a dispute concerning the complete 
absence of the zygomatic nerve, which may lead to the absence of a 
respective foramen altogether as observed by Williams et al., 

1995[14].  In the present study absent foramina were not uncommon. 
The variation in the number of zygomatic foramina is also linked 
embryologically to a varying number of ossification centers in 
zygomatic bone. Although Keibel & Mall, 1910[15] describes only one 
center while LeDouble, 1906 [16], have reported as many as three, 
which appear in the 8th week and fuse at approximately 22 weeks of 
fetal life. The occurrences of multipartite zygomatic bones are 
common in adults. This can lead to the entrapment of the ZO, ZF and 
ZT nerves into individual channels within the head mesenchyme, 
accounting for the variation in frequency of their respective exit 
foramina in the zygomatic bone Mangal et al., 2004[11] . The 
zygomatic nerve may pass through the sphenomaxillary or inferior 
orbital fissure and divide into a temporal and facial branch before 
entering into the temporal fossa and exiting through a specific 
foramen, Deaver, 1926 [17]; Huber, 1930 [18]. 

The location of the ZF foramen is also important during the 
stabilization of zygomatic fractures for placement of screws above 
the zygomatico-frontal suture as stated by Zide & Wu, 1990 [19]. 
Preservation of the ZO, ZF and ZT nerves is important during orbito-
facial procedures, to avoid injury to the nerves, which may lead to 
paresthesia in their area of nerve distribution, as stated by Hwang et 
al., 2004 [20]. Entrapment of this nerve has been reported to induce 
protracted pain, which can occur during the manipulation of the 
orbital lateral wall and endoscopic subperiosteal facelift 
procedures, as reported by Ramirez, 1996 [21].

CONCLUSION
Understanding human anatomy for various therapeutic and 
preventive measures is vital. The location and number of zygomatic 
foramina discussed in the study are important for various surgical 
procedures involving zygomatic bone. The zygomatic foramina are 
used as landmark in surgical procedures as pointed out by Hollier et 
al 2003 [22]. Thus proper localization of the ZF and ZO nerves can 
greatly minimize such side-effects. We suggest study on larger 
sample size on subjects of diverse geographical areas for its 
anthropological evaluation.

REFERENCES
1. Sadler TW, (2011) Langman's medical embryology 13th edn. Lippincott William & 

Wilkins; pp 278-87
2. Standring S. (2008) Grays Anatomy 40th edn. Anatomical Basis Of Clinical Practice, 

Churchill Livingstone, London ;40:415.
3. Bardeen CR. (1910) Development of the skeleton and of the connective tissues. 

Manual of human embryology:438-9. (In: Keibel F, Mall FP Manual of human 
embryology, vol 1, 1st edn. Lippincott, Philadelphia, pp 438–439)

4. Carolineberry A, Berry RJ. (1967) Epigenetic variation in the human cranium. Journal 
of anatomy;101(Pt 2):361.

5. Chanda A, Nanda A(2002) Anatomical study of the orbitozygomatic transelllar-
transcavernous-transclinoidal approach to the basilar artery bifurcation. J 
Neurosurgery 97, 151-60.

6. Gonzalez LF, Crawford NR, Horgan MA, Deshmukh P, Zabramski JM, Spetzler RF(2002). 
Working area and angle of attack in three cranial base approaches: pterional, 
orbitozygomatic, and maxillary extension of the orbitozygomatic approach. 
Neurosurgery. 50(3):550-7.

7. Martins C, Li X, Rhoton JA (2003) Role of zygomatico-facial foramen in the 
orbitozygomatic craniotomy. Anatomic report neurosurgery: 53, 168-73.

8. Kim HJ, Paik DJ, Choi BY, Chung MS, Han SH, Hwang YI, Sohn HJ, Chung RH, Koh 
KS(1997). Measurements of the zygomatic bones and morphology of the 
zygomaticofacial and zygomaticotemporal foramina in Korean. Korean Journal of 
Physical Anthropology:10(2):225-34

9.  Comas J(1960). Manual of physical anthropology. Thomas.
10. Mangal A, Choudhry R, Tuli A, Choudhry S, Khera V. Incidence and morphological 

study of zygomaticofacial and zygomatico-orbital foramina in dry adult human 
skulls(2004): the non-metrical variants. Surgical and Radiologic Anatomy. 
2004;26(2):96-9. 

11.  José RG, Dahinten S, Hernández M (2001) the settlement of Patagonia: a matrix 
correlation study. Hum Biol 73: 233–248.

12. Keyser AW (2000) The Drimolen skull: the most complete Australopithecine cranium 
and mandible to date. S Afr J Sci 96: 189–193.

13.  DuBrul EL(1988). Sicher and DuBrul’s Oral Anatomy. Ishiyaku EuroAmerica. Inc., St. 
Louis;356.

14.  Williams PL, Bannister LH, Warwick R. The anatomical basis of medicine and 
surgery(1995). Gray’s anatomy, 38th edn. Churchill Livingston, London. 555, 605-
1235. 

15.  Keibel F, Mall FP(1910). Development of the skeleton and of the connective tissue. 
Manual of   Human Embryology.1:438-9. 

16.  Le Double AF.. Traité des os de la face de l’homme et de leur signi�cation au point de 
vue de l’anthropologie zoologique. Vigot, Paris;(1906) cited by Keibel F, Mall FP (eds.) 
Manual of human embryology,  Lippincott, Philadelphia;1(1):444.

         17. Deaver JB.(1926) Surgical Anatomy of the Human Body, Philadelphia, P.Blaskiston’s 
Sons &                                                                     Co.

18.  Huber GC(1930). Piersols' Human Anatomy, ed. 9, Philadelphia, J. B. B. Lippin-cott 

Foramina Mean distance from IOF No. of foramina from IOF SD
ZOR 1.88 93 0.63
ZFR 2.27 76 0.41
ZOL 1.85 96 0.61
ZFL 2.26 73 0.37

Foramina  Mean distance   No.   SD
ZOR 2.26 93 0.49
ZFR 2.46 76 0.62
ZOL 2.31 96 0.49
ZFL 2.51 73 0.75
All Groups 2.39 338 0.60

68 X GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS

VOLUME-7, ISSUE-8, AUGUST-2018 • PRINT ISSN No 2277 - 8160



Company. 
19.  Zide MF, Wu J(1990). The placement of screws above the zygomaticofrontal suture. 

Journal of Oral and Maxillofacial Surgery.48(8):813-6.
20.  Hwang SH, Jin S, Hwang K(2007). Location of the zygomaticofacial foramen related to 

malar reduction. Journal of Craniofacial Surgery.18(4):872-4.
21.  Ramirez OM, Pozner JN(1996). Endoscopic-assisted wire removal and neurolysis. 

Annals of plastic surgery. 37(2):184-6.
22.  Hollier LH, Thornton J, Pazmino P, Stal S(2003). The management of orbitozygomatic 

fractures. Plastic and reconstructive surgery. 111(7):2386-93.  

  X 69GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS

VOLUME-7, ISSUE-8, AUGUST-2018 • PRINT ISSN No 2277 - 8160


