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Abstract

In the last decades 3D optical devices have gained a primary role in facial anthropometry,
where they find several applications from the anatomical research to clinics and surgery. With
time the number of articles focusing on 3D surface analysis has raised, as well as validation
studies which aim at verifying the reliability of different devices and methods of acquisition in
comparison with other methods or direct anthropometry. This review aims at making a point in
the field of 3D surface acquisition systems, describing the most used types of available devices
and comparing the relevant outcomes in acquiring 3D facial models. Results show that current-
ly stereophotogrammetric devices represent the gold standard, further improved by the diffu-
sion of portable models. Caution should be given to the use of low-cost devices, more and more
frequently described by literature, as often they do not meet the basic criteria for being applied
to the anatomical study of face.
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Introduction

The quantitative assessment of facial soft-tissue structures, their reciprocal rela-
tionships and relative proportions represent an important task in clinics (Hammond
et al., 2004). Diagnosis, treatment planning and follow-up examinations all need some
kind of measurements that should be performed taking their peculiar three-dimen-
sional (3D) configuration into account (Schwenzer-Zimmerer et al., 2008; Pucciarelli et
al., 2017; Kimura et al., 2019; Sforza et al., 2018).

3D optical scans are devices able to acquire a 3D model of an object through sur-
face imaging. The introduction of this technology has represented a revolution in
anthropometry: metrical assessment of face had been previously performed through
direct measurements by calipers, a low-cost method which has the main limits of
being time-consuming, to depend upon patients’ cooperation and to have some prob-
lems in repeatability (Wong et al., 2008). Not even instruments developed in later
times such as electromagnetic and electromechanic digitizers could overcome the
lack of permanent records of the face, and the opportunity to replace wrong or miss-
ing values. On the other side, the acquisition of a virtual model of the face allows
to perform reliable and repeatable measurements, and to assess a novel set of met-
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rical parameters, including not only the traditional linear distances and angles, but
also surface areas, volumes, differences between superimposed 3D models and geo-
metric morphometric analyses (Winberg et al., 2006; Hong et al., 2017; Sawyer et al.,
2009; Gibelli et al., 2015; Codari et al., 2015; Pucciarelli et al., 2017). Moreover, surface
acquisition devices do not need physical contact with the face, thus avoiding the risk
of skin compression (Douglas et al., 2003; Majid et al., 2005).

These methods of 3D acquisition have found several applications in a variety of
disciplines involving the analysis of facial anatomy, from dentistry (Sterenborg et al.,
2018) to aesthetic (Feng et al., 2019; Jimenez-Castellanos et al., 2016) and maxillofacial
surgery (Sforza et al., 2018; Kimura et al., 2019), from the early diagnosis and follow-
up of genetic and acquired pathologies (Pucciarelli et al., 2017; Dolci et al., 2018) to
forensic anthropology (Gibelli et al., 2017a; Gibelli et al., 2017b).

In the last years the use of 3D surface acquisition systems has progressively
increased, and devices improved as well: in the past 3D acquisitions could be per-
formed only through static and expensive machines (de Menezes et al., 2010; Tzou
et al., 2014) which limited the fields of applications and prevented the recruitment of
some types of patients. Now the scenario is changing, with the introduction of mod-
ern portable and in some cases low-cost devices (Camison et al., 2018; Gibelli et al.,
2018a; Gibelli et al., 2018c).

This review aims at taking stock of the situation in the field of soft tissue 3D facial
imaging, describing the different types of available devices and the relevant advan-
tages and limits. As the instruments are based on different technologies, should
be used with dedicated protocols, and show specific limits, we will focus on those
instruments that had been tested and used in our laboratory, thus providing also
some practical information about 3D acquisition and reconstruction.

Stereophotogrammetry

Stereophotogrammetry is based on a light source (either patterned or conven-
tional) to light the face, simultaneously acquired by two or more coordinated cameras
oriented from different points of view (Majid et al., 2005; Wong et al., 2008; Plooij et
al., 2009; Tzou et al., 2014). The device is able to record a dense polygon mesh togeth-
er with facial texture and combines the quantitative mesh information with the quali-
tative reproduction of facial surface (Fig. 1). The finer the mesh, the better the out-
come of facial acquisition. Generally facial stereophotogrammetric scans can recon-
struct the face structure with a resolution of approximately 60 vertices/cm? in about
1.5-3.5 ms: the faster the scan, the less motion artifacts (Tzou et al. 2014; Gibelli et
al., 2018b). Measurements obtained by stereophotogrammetry have a good precision
and reproducibility, with random errors generally lower than 1.5 mm (Gibelli et al.,
2018b). The position of some structures within the face such as the nostrils, ears and
the chin region may limit the possibility of being viewed simultaneously by more
than one camera. The problem can be partially resolved by increasing the number of
cameras, with a higher monetary investment.

The chance of acquiring the entire face from different points of view at the same
time and the high acquisition velocity render stereophotogrammetry the gold stand-
ard for facial scans, as it reduces at the minimum possible the bias due to involuntary
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Figure 1. Example of textured scan (a) and mesh (b) of an acquisition by VECTRA M3 stereophotogram-
metric device (Canfield Scientific, Inc.): the mesh is highly detailed and homogeneous, with defects in cor-
respondence of hair and eyes.

movements (typically, eyes, nose and lips). Therefore, it is the ideal device for acqui-
sition of not cooperative patients (such as children) and disabled persons with motor
impairments.

Another advantage is the texture information which allows to label facial land-
marks before the facial acquisition: previous landmarks labeling proved to improve
accuracy in landmark recognition (Weinberg et al., 2004, Fig. 2).

The main limitations include the cost of the device (tens of thousands of euros
circa), and the size of acquisition setting (Tzou et al., 2014) which sometimes prevent
from acquiring patients who cannot be adequately hosted within the acquisition area
(for example, patients in wheelchair). In addition, the devices are static, and therefore
cannot be moved to meet permanently bedridden patients.

Laser scanner

Laser scanners acquire facial surface through a laser light and digital cameras.
Accuracy and resolution are reported between 0.5 and 1 mm, with a mean scanning
error of 1.1 mm (Fig. 3). During data acquisition, the laser light moves to scan the
facial surface and approximately 10 s are necessary to obtain a complete facial image
(Tzou et al., 2014; Gibelli et al., 2018c). As a consequence, the effect of possible invol-
untary facial movements is more evident than in stereophotogrammetry and may
alter the final result (Schwenzer-Zimmerer et al., 2008). Critical parts for the acquisi-
tion are the ears, the nostrils and the chin; shadows and a dark complexion usually
result in a hampered scan (Majid et al., 2005).

Some of the published studies based on acquisitions through laser scanner include
two different captures from the right and left sides, simultaneously performed by
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Figure 2. Example of landmarks usually labeled on the skin to improve anthropometrical analysis: tr: tri-
chion; g: glabella; n: nasion; prn: pronasale; sn: subnasale; sl: sublabiale; pg: pogonion; gn: gnathion; os:
sovraorbitale; or: orbitale; ft: frontotemporale; zy: zygion; t: tragion; go: gonion.

Figure 3. Example of scan (a) and mesh (b) of an acquisition by Vi910 laser scanner (Konica Minolta): the
mesh is detailed, but affected by some not homogeneous areas due to involuntary facial movements during
facial scan and between consecutive acquisitions.

two devices arranged in a pair (Kau and Richmond, 2008; Toma et al., 2009). This
approach allows to reduce the influence of involuntary movements, but doubles the
costs, as it requires two devices. However, recent literature observed that three con-
secutive models can be acquired separately (right side, frontal, left side), and merged,
without appreciable modifications (De Angelis et al., 2009; Cattaneo et al., 2012;



426 Daniele Gibelli et alii

Gibelli et al., 2018c). Clearly, in these cases the cooperation of the subjects is essential
to limit motion artifacts due to the longer scan times.

The main limits of laser scanners are cost and the size of the device, as for the
stereophotogrammetric ones: in addition, some models do not provide facial tex-
ture, preventing previous landmarks labelling. Laser scanner devices can be moved,
although with difficulties because of their encumbrance.

The portable stereophotogrammetric devices

In the last years portable stereophotogrammetric devices have been introduced in
commerce: these systems can obtain a facial model through a compact device and a
laptop (Camison et al., 2018). In comparison with the static devices, the final acqui-
sition is obtained through three consecutive scans (right side, frontal and left side)
taken within a limited time period (Fig. 4). These new devices may extend the facial
acquisition also to hospitalized patients as well as to subjects who cannot be hosted
within the conventional stereophotogrammetric set.

The main weak point of these stereophotogrammetric instruments is the need for
three consecutive facial scans, with an increment of facial involuntary movements
and a less detailed final 3D model (Camison et al., 2018).

Two validation studies have been published in the last years, focusing on a porta-
ble stereophotogrammetric device. Camison et al. (2018) analyzed the repeatability of
linear measurements between the portable device and a traditional static instrument.
In addition, a superimposition procedure was performed registering the facial model

Figure 4. Example of textured scan (a) and mesh (b) of an acquisition by Vectra H2 portable device (Canfield
Scientific, Inc.): the mesh is highly detailed; defects can be found in correspondence of areas shared by two
consecutive scans (red arrows).



3D surface acquisition systems and their applications to facial anatomy 427

Figure 5. Example of 3D-3D superimposition between a scan from static VECTRA M3 system (a) and portable
VECTRA H2 system (b), with chromatic sheet representing more concordant (green) and discordant (blue,
red, yellow colors) areas between the two scans. As one can observe, most of facial surface is green indicat-
ing high concordance, but for eyes because of involuntary facial movements.

produced by the portable instrument onto that provided by a fixed one produced by
another company (Camison et al., 2018). Their results confirmed that the stereophoto-
grammetric portable device is sufficiently accurate for most clinical applications.

Another validation study was published by Gibelli et al. (2018b): in this case, both
the reference stereophotogrammetric static device and the portable one were pro-
duced by the same company. Again, the portable system was reliable in assessing lin-
ear measurements, angles and surface areas; however, volumetric measurements and
3D-3D registration procedures were affected by facial movements, increased by the
need for consecutive captures (Fig. 5).

The major limits of the current instruments are represented by the necessary high-
er patient compliance, and by the cost (a few thousand euros circa): in addition, the
device needs to be used with a high-performance laptop. Otherwise, it can be used
storing the images on a memory card, for off-line elaborations, but it does not allow
the operators to immediately verify the correctness of facial acquisitions.

Low-cost devices

Recently, novel and more economical portable devices have been developed, to
widen the diffusion of 3D acquisition technology. An example is the Sense® 3D scan-
ner, a hand-held scanner with a spatial x/y resolution of 0.9 mm and a depth resolu-
tion of 1.0 mm at 0.5 m (Fig. 6). It costs a few hundred of euros circa and can acquire
a face in less than one minute (Fan et al., 2017).

However, at our knowledge, presently the Sense® device has been applied only
in one published scientific article, where it was used to scan the face of a cadaver for
the assessment of 3D modifications due to the decomposition process (Caplova et al.,
2018). Only a validation study is available (Gibelli et al., 2018a): the device proved
to give a reliable acquisition for the assessment of linear and angular measurements
in case of inanimate subjects/objects (Caplova et al., 2018), but was is not reliable
enough to be applied to clinical contexts.
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Figure 6. Example of textured scan (a) and mesh (b) of an acquisition by Sense laser scanner portable
device: the mesh is less detailed than those obtained by the other facial scan methods.

Maués et al. (2018) compared facial scans obtained by a conventional fixed ste-
reophotogrammetric device with the Microsoft Kinect® scanner. The relevant facial
models were superimposed, and the distances between them were obtained. On aver-
age, the difference between the two methods was lower than 0.5 mm, but some areas
had higher discrepancies. The authors concluded that the device showed a reasonable
accuracy, thus proposing it as a possible resource for facial analysis.

Finally, in the last years other low-cost systems have been developed, including
3D acquisition applications for smartphones and tablets (Koban et al., 2014). Howev-
er, they have not been validated for their application to research and clinical contexts.

Conclusion

3D optical surface acquisition systems have progressively widened their appli-
cation fields. In addition, technology has improved with the development of novel
devices which may be reliably used in the clinical context. The choice of the most
appropriate instrument vary from time to time, in relation to its use and the char-
acteristics of the patients to be analyzed. Validation studies are crucial to verify the
reliability of novel procedures and to compare performances with gold standard
methods.

References

Camison L., Bykowski M., Lee WW., Carlson ]J.C., Roosenboom J., Goldstein J.A.,
Losee J.E., Weinberg S.M. (2018). Validation of the Vectra H1 portable three-
dimensional photogrammetry system for facial imaging. Int. J. Oral Maxillofac.
Surg. 47: 403-10.



3D surface acquisition systems and their applications to facial anatomy 429

Caplova Z., Gibelli D., Poppa P., Cummaudo M., Obertova Z., Sforza C., Cattaneo
C. (2018). 3D quantitative analysis of early decomposition changes of the human
face. Int. J. Legal Med. 132: 649-53.

Cattaneo C., Cantatore A., Ciaffi R., Gibelli D., Cigada A., De Angelis D., Sala R.
(2012). Personal identification by the comparison of facial profiles: testing the reli-
ability of a high-resolution 3D-2D comparison model. J. Forensic Sci. 57: 182-7.

Codari M., Pucciarelli V., Pisoni L., Sforza C. (2015). Laser scanner compared with
stereophotogrammetry for measurements of area on nasal plaster casts. Br. J. Oral
Maxillofac. Surg. 53: 769-70.

Dolci C., Pucciarelli V., Gibelli D., Codari M., Marelli S., Trifird G., Pini A., Sforza C.
(2018). The face in Marfan syndrome: a 3D quantitative approach for a better defi-
nition of dysmorphic features. Clin. Anat. 31: 380-6.

De Angelis D., Sala R., Cantatore A., Grandi M., Cattaneo C. (2009). A new computer-
assisted technique to aid personal identification. Int. J. Legal Med. 123: 351-6.

De Menezes M., Rosati R., Ferrario V.E, Sforza C. (2010). Accuracy and reproducibil-
ity of a 3-dimensional stereophotogrammetric imaging system. J. Oral Maxillofac.
Surg. 138: 84-8.

Douglas T.S., Martinez E, Meintjes E.M., Vaughan C.L., Viljoen D.L. (2003). Eye fea-
ture extraction for diagnosing the facial phenotype associated with fetal alcohol
syndrome. Med. Biol. Eng. Comput. 41: 101-6.

Fan Y., Xu X., Wang M. (2017). A surface-based spatial registration method based on
Sense three-dimensional scanner. J. Craniofac. Surg. 28: 157-60.

FengJ., Yu H, Yin Y., Yan Y., Wang Z., Bai D., Han X. (2019). Esthetic evaluation of facial
cheek volume: a study using 3D stereophotogrammetry. Angle Orthod. 89: 129-37.
Gibelli D., Codari M., Rosati R., Dolci C., Tartaglia G.M., Cattaneo C., Sforza C.
(2015). A quantitative analysis of lip aesthetics: the influence of gender and aging.

Aesth. Plast. Surg. 39: 771-6.

Gibelli D., De Angelis D., Poppa P, Sforza C., Cattaneo C. (2017a). An assessment of
how facial mimicry can change facial morphology: implications for identification.
J. Forensic Sci. 62: 405-10.

Gibelli D., De Angelis D., Poppa P, Sforza C., Cattaneo C. (2017b). A view to the
future: a novel approach for 3D-3D superimposition and quantification of differ-
ences for identification from next-generation video surveillance systems. J. Foren-
sic Sci. 62: 457-61.

Gibelli D., Pucciarelli V., Caplova Z., Cappella A., Dolci C., Cattaneo C., Sforza C.
(2018a). Validation of a low-cost laser scanner device for the assessment of three-
dimensional facial anatomy in living subjects. J. Craniomaxillofac. Surg. 46: 1493-9.

Gibelli D., Pucciarelli V., Cappella A., Dolci C., Sforza C. (2018b). Are portable stereo-
photogrammetric devices reliable in facial imaging? A validation study of VEC-
TRA H1 device. J. Oral Maxillofac. Surg. 76: 1772-84.

Gibelli D., Pucciarelli V., Poppa P, Cummaudo M., Dolci C., Cattaneo C., Sforza C.
(2018c). Three-dimensional facial anatomy evaluation: reliability of laser scanner
consecutive scans procedure in comparison with stereophotogrammetry. J. Cranio-
maxillofacial Surg. 46: 1807-13.

Hammond P, Hutton T.J., Allanson J.E., Campbell L.E., Hennekam R.C., Holden S.,
Patton M.A., Shaw A., Temple LK., Trotter M., Murphy K.C., Winter R.M. (2004).
3D analysis of facial morphology. Am. J. Med. Genet. 126A: 339-48.



430 Daniele Gibelli et alii

Hong C., Choi K., Kachroo Y., Kwon T., Nguyen A., McComb R., Moon W. (2017).
Evaluation of the 3dMDface system as a tool for soft tissue analysis. Orthod.
Craniofac. Res. 20(Suppl. 1): 119-24.

Jimenez-Castellanos E., Orozco-Varo A., Arroyo-Cruz G., Iglesias-Linares A. (2016).
Prevalence of alterations in the characteristics of smile symmetry in an adult pop-
ulation from southern Europe. J. Prosthet. Dent. 115: 736-40.

Kau C.H., Richmond S. (2008). Three-dimensional analysis of facial morphology
surface changes in untreated children from 12 to 14 years of age. Am. J. Orthod.
Dentofac. Orthop. 134: 751-60.

Kimura N., Kim H., Okawachi T., Fuchigami T., Tezuka M., Kibe T., Amir M.S., Inada
E., Ishihata K., Nozoe E., Nakamura N. (2019). Pilot study of visual and quantita-
tive image analysis of facial surface asymmetry in unilateral complete cleft lip and
palate. Cleft Palate Craniofac. J. 56: 960-9.

Koban K.C., Leitsch S., Holzbach T., Volkmer E., Metz PM., Giunta R.E. (2014).
3D-imaging and analysis for plastic surgery by smartphone and tablet: an alterna-
tive to professional systems? Handchir. Mikochir. Plast. Chir. 46: 97-104.

Majid Z., Chong C.A., Ahmad A., Setan H., Setan H., Samsudin A.R. (2005). Photo-
grammetry and 3D laser scanning as spatial data capture techniques for a national
craniofacial database. Photogramm. Rec. 20: 48-68.

Maués C.PR., Casagrande M.V.S., Almeida R.C.C., Almeida M.A.O., Carvalho FA.R.
(2018). Three-dimensional surface models of the facial soft tissues acquired with a
low-cost scanner. Int. J. Oral Maxillofac. Surg. 47: 1219-25.

Plooij J.M., Swennen G.R., Rangel F.A., Maal T.J.J., Schutyser F.A.C., Bronkhorst E.M.,
Kuijpers-Jagtman A.M., Bergé S.J. (2009). Evaluation of reproducibility and relia-
bility of 3D soft tissue analysis using 3D stereophotogrammetry. Int. J. Oral Maxil-
lofac. Surg. 38: 267-73.

Pucciarelli V., Bertoli S., Codari M., De Amicis R., De Giorgis V., Battezzati A., Veg-
giotti P, Sforza C. (2017). The face of Glutl-DS patients: a 3D craniofacial morpho-
metric analysis. Clin. Anat. 30: 644-52.

Sawyer A.R., See M., Nduka C. (2009). 3D stereophotogrammetry quantitative lip
analysis. Aesth. Plast. Surg. 33: 497-504.

Schwenzer-Zimmerer K., Chaitidis D., Berg-Boerner 1., Krol Z., Kovacs L., Schwen-
zer N.F.,, Zimmerer S., Holberg C., Zeilhofer H.F. (2008). Quantitative 3D soft
tissue analysis of symmetry prior to and after unilateral cleft lip repair com-
pared with non-cleft persons (performed in Cambodia). J. Craniomaxillofac.
Surg. 36: 431-8.

Sforza C., Ulaj E., Gibelli D., Allevi F,, Pucciarelli V., Tarabbia F., Ciprandi D.,
Dell’ Aversana Orabona G., Dolci C., Biglioli F. (2018). Three-dimensional superim-
position for patients with facial palsy: an innovative method for assessing the suc-
cess of facial reanimation procedures. Br. J. Oral Maxillofac. Surg. 56: 3-7.

Sterenborg B.A.M.M., Maal T.].]., Vreeken R., Loomans B.A.C., Huysmans M.D.N.].M.
(2018). The facial effects of tooth wear rehabilitation as measured by 3D stereo-
photogrammetry. J. Dent. 73: 105-9.

Toma A.M., Zhurov A., Playle R., Ong E., Richmond S. (2009). Reproducibility of
facial soft tissue landmarks on 3D laser-scanned facial images. Orthod. Craniofac.
Res. 12:33-42.

Tzou C.H., Artner N.M., Pona I, Hold A., Placheta E., Kropatsch W.G., Frey M.



3D surface acquisition systems and their applications to facial anatomy 431

(2014). Comparison of three-dimensional surface-imaging system. J. Plast. Recon-
str. Aesthet. Surg. 67: 489-97.

Winberg S.M., Naidoo S., Govier D.P.,, Martin R.A., Kane A.A., Marazita M.L. (2006).
Anthropometric precision and accuracy of digital three-dimensional photogram-
metry: comparing the Genex and 3dMD imaging systems with one another and
with direct anthropometry. J. Craniofac. Surg. 17: 477-83.

Wong J.Y., Oh AK., Ohta E., Hunt A.T.,, Rogers G.E, Mulliken ].B., Deutsch C.K.

(2008). Validity and reliability of 3D craniofacial anthropometric measurements.
Cleft Palate Craniofac. J. 45: 232-9.



	Discovery and development of the cardiovascular system with a focus on angiogenesis: a historical overview
	Gianfranco Natale1,2 and Guido Bocci3,*
	Mast cells, an evolutionary approach
	Paola Saccheri1, Luciana Travan1, Domenico Ribatti2 and Enrico Crivellato1,*
	Camillo Golgi: the conservative revolutionary
	Paolo Mazzarello
	Structure, morphology and signalling development mechanisms of human salivary glands
	Margherita Sisto*, Domenico Ribatti and Sabrina Lisi
	Position of mandibular foramen and its clinical implications
	Abebe Muche1,*, Arthur Saniotis2,3,4
	Erasistratus of Chios: a pioneer of human anatomy and physiology
	Theodoros Mariolis-Sapsakos1, Maria Zarokosta1,*, Menelaos Zoulamoglou1, Theodoros Piperos1, Euthumios Nikou1, Anastasios Katsourakis2, George Noussios2
	An accessory tendon of flexor digitorum superficialis to the fifth digit
	Logan S. Bale1,2, *, Sean O. Herrin1
	Anatomy of the hippocampus and its emerging roles in modulating emotion-dependent autonomic activities
	Itopa E. Ajayi
	An application of the graph theory to the study of the human locomotor system
	Ferdinando Paternostro1, Ugo Santosuosso1, Daniele Della Posta2, Piergiorgio Francia1,*
	Morphology of the caudate lobe of the liver in a Caribbean population
	Michael T. Gardner1, Shamir O. Cawich2,*, Yuxue Zheng1, Ramanand Shetty1, Diane E. Gardner1, Vijay Naraynsingh2, Neil W. Pearce3
	The Martin-Gruber Anastomosis in Bosnian population: an anatomical study 
	Renata Hodzic1,*, Ermina Iljazovic2, Nermina Piric1, Sanela Zukić1
	Morphometric evaluation of the infraorbital foramen in human dry skulls of South Indian population 
	Bhagath Kumar Potu1,*, Gowtham Chandra Srungavarapu2, Thejodhar Pulakunta3
	Anatomical variations in position of mandibular foramen: An East European morphometric study in dry adult human mandibles for achieving a successful inferior alveolar nerve block
	Nityanand Jain1,* (ORCID: 0000-0002-7918-7909), Dzintra Kažoka2 (ORCID: 0000-0003-0816-6446), Shivani Jain3 (ORCID: 0000-0002-0648-745X), Māra Pilmane2 (ORCID: 0000-0001-9804-4666)
	Root canal anatomy and morphology of permanent maxillary canine teeth in an Iranian population
	Maryam Kuzekanani*, Alireza Mahdavi Jafari
	Potential ability for implantation of mouse embryo post-vitrification based on Igf2, H19 and Bax Gene expression
	Noer Muhammad Dliyaul Haq1, Diah Pristihadi1, Vista Budiariati1, Ahmad Furqon2, Mokhamad Fahrudin1, Cece Sumantri2, Arief Boediono1,*
	3D surface acquisition systems and their applications to facial anatomy: let’s make a point
	Daniele Gibelli, Annalisa Cappella, Claudia Dolci, Chiarella Sforza*
	Morphological assessment of Ear auricle in a group of Iraqi subjects and its possible role in personal identification 
	Sinan S. Farhan1,*, Watheq M. Al-Jewari1, Aiman Q. Afar Al-Maathidy2, Aiman Al-Qtaitat2
	Morphological Analysis of Palmaris Longus Muscle And Its Anatomic Variations: A Cadaveric Study In North India
	Monika Lalit1, Sanjay Piplani2, Anupama Mahajan1, Poonam Verma1
	Main perforators of the upper limb: still birth study 
	Aymn A. Khanfour
	Effect of Melamine Administration during Pregnancy on Foetal Bone Ossification
	Yasin I. Tayem1,*, Sindhan V. Veeramuthu1, Aisha N. Rashid1, Reginald P. Sequeira1, Raouf A. Fadel2 
	Morphometric Analysis of Body and Odontoid Process of Axis Vertebrae in North Indians: An Anatomical Perspective
	Monika Lalit1,*, Sanjay Piplani2, Jagdev S. Kullar3, Anupama Mahajan1
	Anatomic variations of the upper biliary confluence and intra-hepatic ducts in East-central Tunisian population
	Mohamed Salah Jarrar1,2,*, Wafa Masmoudi1, Mohamed Hedi Mraidha1, Nader Naouar2, Malek Barka1, Sabri Youssef1, Fehmi Hamila1, Slah-Eddine Ghannouchi2, Rached Letaief1
	Stability analysis of occipitocervical fixation by occiput- C2 pedicular screws construct. A human cadaveric study
	Ayman Ahmed Kkanfour1,*, Tarek Elfiky2, Hesham Elsaghir2, Waleed Sabbah2 
	Anatomical and Congenital Variations of Styloid Process of Temporal Bone in Indian Adult Dry Skull Bones
	Kalyan Chakravarthi Kosuri1,*, Venumadhav Nelluri2, Siddaraju KS3
	Anomalous Renal Vasculature Existing With Congenital Anomalies of Kidneys, Ureters and Suprarenal Glands: A Cadaveric Study 
	Kalyan Chakravarthi Kosuri1,*, Siddaraju KS2, Venumadhav Nelluri3
	Instructions for the Authors 

