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BACKGROUND
Giant hiatal hernias still pose a major challenge to digestive surgeons, and their repair is sometimes a highly complex task. This is usually performed by laparoscopy, while the role of the thoracoscopic approach has yet to be clearly defined. 

AIM
To preoperatively detect patients with a giant hiatal hernia in whom it would not be safe to perform laparoscopic surgery and who, therefore, would be candidates for a thoracoscopic approach.

METHODS
In the present study, using imaging test we preoperatively simulate the field of vision of the camera and the working area (instrumental access) that can be obtained in each patient when the laparoscopic approach is used.

RESULTS
From data obtained, we can calculate the access angles that will be obtained in a preoperative computerised axial tomography coronal section, according to the location of the trocar. We also provide the formula for performing the angle calculations If the trocars are placed in loss common situations, thus enabling us to determine the visibility and manoeuvrability for any position of the trocars.

CONCLUSION
The working area determines the cases in which we can operate safely and those in which certain areas of the hernia cannot be accessed, which is when the thoracoscopic approach would be safer.
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Core Tip: This study was conducted to determine the accessibility obtained when the laparoscopic approach is applied to the repair of a giant hiatal hernia. The main study aim is to detect cases in which full access to all areas of the hernial sac is not possible, and in which, therefore, the thoracoscopic approach would be safer.

INTRODUCTION
A hiatal hernia is the protrusion of abdominal contents into the mediastinum through the diaphragmatic hiatus. It is a common condition in the general population and, due to the progressive aging of the population, is expected to become more so[1].
Hiatal hernias are classified into four types according to their anatomical characteristics[2-7]. Type 1 ("Sliding"), the most common, is a herniation of the oesophagogastric junction above the diaphragm, propelling the stomach into the abdomen. Type 2 (“Pure para-oesophageal”) is the thoracic migration of the gastric fundus while the oesophagogastric junction remains in the correct position. Type 3 ("Mixed") combines the components of Types 1 and 2. Type 4 ("Giant"), occurs when the hernia affects the entire stomach and other abdominal viscera, including the colon, omentum, small intestine, liver and spleen[8].
However, the term "Giant para-oesophageal hernia" is imprecise. The term "giant" is subject to interpretation, and although there is no consensus as to what percentage of the stomach should rise into the thorax for the hernia to be defined as “giant”, most authors agree that this category represents 5%-10% of all hiatal hernias[9].
The standard treatment for a hiatal hernia is to reduce the capacity of the abdominal cavity, to close the defect and to perform an anti-reflux procedure, usually by means of 360º (Nissen) fundoplication.
When the hernia is large, it is sometimes difficult to dissect the sac to reduce the hernia, and so ‘dark’ areas may remain, which cannot be accessed through the abdominal approach, due either to an insufficient angle of vision or to an insufficient instrument working angle (the apparatus cannot reach the operative site). In the present article, we derive the information necessary to assess visual (camera) and working (instrumental) access to all parts of the intrathoracic hernial sac, making it possible to confirm whether the laparoscopic approach is safe and reliable, or on the contrary, whether a thoracic approach would be necessary.

MATERIALS AND METHODS
[bookmark: _Hlk88231163]As observed above, with giant hernias, it is sometimes not possible to achieve full visibility of all areas of the sac using the laparoscopic approach. For this reason, we describe a procedure by which the angles of vision and the instrument working angle needed during the intervention can be preoperatively assessed by simulation in a computerised axial tomography (CAT) scan. The information thus obtained will reveal whether it is safe to use a laparoscopic approach or whether a thoracoscopic approach is needed.
By determining certain parameters – the camera angle aperture, the diameter of the hernial orifice and the positioning of the trocars with respect to this orifice – we can calculate the angle of vision and the instrument working angle available during the intervention. The angle of vision is defined as the visual field of the intrathoracic content into which the optical instrument must be inserted through the hernial orifice. The instrument working angle is the available access to the different parts of the intrathoracic hernial content by means of which the instruments can be delivered through the hiatal hernial orifice.
The procedure consists in performing a simulation with a preoperative thoraco-abdominal CAT scan of all patients with a giant hiatal hernia. In the coronal plane, we evaluate the angles of vision and the instrument working angles that will be obtained, according to where the trocars are located. This will reveal whether there are any hidden areas that are inaccessible visually or with surgical instruments.
The following methods are used to calculate these angles.

RESULTS
Assessing the angle of vision
To evaluate the angle of vision, consider the geometry shown in Figure 1, regarding a laparoscopic intervention. The entry point for the instruments is marked with point O, which for simplicity is assumed to be centred with respect to the hernial orifice within the cavity, of diameter D. The distance between point O and the centre of the hernial orifice is labelled X, and b is the angle from the vertical, from point O to the maximum point of entry of the instruments.
The greatest angle of view that the camera can achieve is obtained when the camera inserted via the entry point reaches the hernial orifice. From here, the camera’s angle of vision (a) can be projected.
Considering the geometric relationship between the distances and the angles, the angle q can be calculated as follows, from the camera’s angle of vision (data supplied by the manufacturer), distance X and the diameter of circle D.
[image: ]
[image: ]
The camera can sometimes be bevelled to increase the angle of vision, rotating it through the angle d. Figure 2 shows how the bevel arrangement expands the angle of vision. When a bevel angle of d is introduced, the equation then becomes:
[image: ]
These expressions allow us to evaluate the cone of vision for the instrument working area. Figure 3 shows the projection of this cone on the CAT scan, to illustrate the geometric concept.

Determining the instrument working angle
Figure 4 shows the geometric model for the laparoscopy instruments.
In this case, the additional angles a and d cannot be applied to the operating instruments since the heads cannot be rotated. The maximum angle that can be achieved with the stipulated geometry is then calculated as follows: 
[image: ]
Tables of angles of vision and instrument working angles
From the above expressions, the maximum viewing and working angles can be calculated, using the corresponding dimensions for each patient. By way of example, and to facilitate the evaluation, Figure 5 shows the CAT image, from which the dimensions for the D and X values can be taken to calculate the angle q.
Tables 1, 2 and 3 detail the values of angle q for the different geometric values observed in the intervention, with a camera angle of vision of a = 60º and a bevel angle d of 0º or 30º.

Determining the angle of the working area with lateral displacement at the entrance
The lateral access trocars increase the instrument working angle, since they are located on either side of point O, thus forming a second entry point, called O'. This point is displaced by distance b from point O. Figure 6 shows the model overlain on the CAT scan.
The following equations are used to calculate the maximum instrument working angle:
[image: ]
Table 4 shows the q (º) values for b = 6 cm, which is the estimated mean location of the lateral trocars normally employed for laparoscopic hiatal hernia surgery.

Determining the angle of vision with lateral displacement at the entrance
The field of vision can be expanded by inserting the camera through one of the trocars with lateral displacement (Figure 7). The resulting field of vision is then calculated by the following expression:
[image: ]
Tables 5 and 6 show the values obtained for the field of vision after applying the following values: lateral displacement, b = 6 cm; camera viewing angle = 60º; bevel angle d = 0º or 30º.

DISCUSSION
In 1919, Soresi performed the first operation to reduce a hiatal hernia and to achieve closure of the diaphragmatic pillars[10]. Since then, Skinner et al[2], Nissen[11], Collis[12], have advanced the state of the art with their conceptual and technical innovations. The first completely laparoscopic operation with Collis gastroplasty and Nissen fundoplication was described in 1998[13].
The essential steps of the procedure are the complete reduction of the hiatal hernia, excision of the hernial sac, extensive mediastinal mobilisation of the oesophagus, tension-free femoral closure and the construction of an anti-reflux mechanism. The first step is to reduce the hiatal hernia content by gentle traction of the hernial sac, gradually proceeding with extensive mediastinal mobilisation of the oesophagus (with blunt dissection) to obtain at least 2-2.5 cm of intra-abdominal oesophageal length[14]. During the dissection of the hernial sac, care must be taken to avoid lesions of the vagal nerves on the anterior and posterior surfaces of the oesophagus, the pleura and the adjacent vascular structures. Evidently, this manoeuvre could be very dangerous without visual control of certain areas of adhesions to the sac, or even with visual control if we cannot access the necessary areas with the laparoscopic instrument. These circumstances sometimes lead to blind dissections and traction that may damage vital structures[15].
The minimally invasive approach generally provides an excellent view of the hiatal region, far superior to that obtained by laparotomy, and is associated with low rates of morbidity and mortality, a short hospital stay and excellent patient compliance. From the technical point of view, during hernia reduction, the laparoscopic approach allows precise identification of the anatomical structure (vagus nerves, parietal pleura, distal oesophagus, etc.). Moreover, the dissection is facilitated by pneumoperitoneum[16-18].
Laparoscopic para-oesophageal hernia repair can be safely performed, by expert practitioners, with mortality rates of 1.3% in elective settings and 8% in emergencies[19,20]. However, major surgical complications can sometimes occur following iatrogenic lesions of the pleura, aorta or pericardium[21]. In addition, traction on the gastric fundus, the oesophagus-gastric junction and the lower oesophagus can provoke immediate or delayed visceral perforation, with life-threatening consequences[22].
These problems are usually due to a lack of direct vision of the working area. Moreover, in giant hernias the surgeon must overcome a ‘bottleneck’ effect; the hernial sac and content must be accessed through a relatively narrow hiatal hernial orifice, which limits the manoeuvrability of the instruments and the laparoscopic camera. With larger hernias, this situation can make it impossible to access certain areas of the intrathoracic hernial content.
Clearly, preoperative awareness of these circumstances is of great importance. If the field of vision or the instrument accessibility is limited, we could opt for a thoracic approach that would provide a good field of vision and an adequate working area in which to intervene safely.
The tables below show the angles of vision and the working angles obtained, according to the distance from the trocar to the hiatal orifice and according to its diameter. Tables 1, 2 and 3 show the results with the camera trocar in the usual, midline, position. Tables 4, 5 and 6 then show the angle of vision and the working angles obtained with the trocar located 6 cm to the left or right of the midline (the usual position for instrument trocars). From these data, we can calculate the access angles that will be obtained in a preoperative CAT coronal section, according to the location of the trocar. We also provide the formula for performing the angle calculations If the trocars are placed in less common situations, thus enabling us to determine the visibility and manoeuvrability for any position of the trocars.
From the study results obtained, it is apparent that the field of vision (with the 30º camera) spans almost all areas of expansion of a giant hiatal hernia. However, the working area is more limited and this factor, ultimately, determines the cases in which we can operate safely and those in which certain areas of the hernia cannot be accessed, which is when the thoracoscopic approach would be safer.
The optimal surgical approach for the repair of giant hiatal hernias has long been debated. Traditionally, this process required a laparotomy or thoracotomy, with their associated rates of morbidity. Conventional thinking used to be that the formation of adhesions, which often occur with laparotomy, might lessen the risk of hernia recurrence by helping retain the reduced structures within the abdomen.
However, the laparoscopic repair of hiatal hernias has provided a valuable surgical alternative since its introduction in 1992[23], in many cases offering better postoperative results and reducing costs[24,25]. For this reason, and especially since 2007, laparoscopic and thoracoscopic procedures have increasingly been employed to treat hiatal hernias.
To date, no randomised controlled trials have been performed to determine whether the thoracoscopic or laparoscopic approach is better, and so the choice remains highly dependent on the preferences and skills of the surgeon in question. Proponents of the laparoscopic approach refer to the easier manipulation of instruments and the ability to visualise the reduced viscera, thus avoiding inadvertent injury. On the other hand, supporters of the thoracoscopic method emphasise that it helps avoid adhesions (if there has been previous abdominal surgery) and that abdominal viscera are easily reduced with CO2 insufflated into the thorax[26].
Surgeons who advocate thoracoscopic repair point out that this method achieves a better visualisation of herniated structures, thus facilitating the dissection and resection of the sac. Accordingly, this approach would be indicated when preoperative simulation detects the presence of ‘dark’ areas that cannot be accessed visually or instrumentally via laparoscopy.
Nowadays, the vast majority of surgeons use the laparoscopic approach for hiatal hernias, and so laparoscopic fundoplication is performed almost universally[27].
Recurrence rates after primary laparoscopic hiatal repair range from 1% to 7%, but can reach 50% with large hiatal hernias[28]. This increase is probably influenced by the fact that in these types of hernias there may be dark areas that cannot be accessed, which prevents the correct dissection of the sac (Figures 8 and 9). In fact, we performed a retrospective calculation of the angles of vision and the working angles in patients operated on with giant hernias, and found four cases in which the content of the hernia was not fully accessible. One of these cases could not be completed laparoscopically. Of the other three, two suffered a recurrence. For these patients, the outcomes would probably have been better if the thoracoscopic approach had been taken.
Despite its long history, the surgical management of giant hiatal hernias continues to evolve, and several questions remain to be clarified. For example, how should we define a giant hernia? Is mesh repair always appropriate? What are the indications determining the most suitable approach? Our study helps clarify the latter issue by providing objective data on visibility and manoeuvrability, thus informing the surgical team of the indications for the approach which is safest and produces the best results.

CONCLUSION
In short, we believe that full use should be made of the complementary imaging tests that are now available, so that before undertaking any laparoscopic intervention for a giant hiatal hernia we can calculate exactly what can be seen and how far we can go with the surgical instruments. This information, in turn, will enable the most suitable approach to be taken and thus optimise the results of the intervention.

ARTICLE HIGHLIGHTS
Research background
This study was conducted to determine the accessibility obtained when the laparoscopic approach is applied to the repair of a giant hiatal hernia.

Research motivation
In patients with giant hernias, it is sometimes not possible to achieve full visibility of all areas of the sac using the laparoscopic approach. 

Research objectives
The main study aim is to detect cases in which full access to all areas of the hernial sac is not possible, and so the thoracoscopic approach would be safer.

Research methods
Our study helps clarify the latter issue by providing objective data on visibility and manoeuvrability, thus informing the surgical team of the indications for the approach which is safest and produces the best results. 

Research results
Information of complementary imaging tests  will enable us to adopt the most suitable approach and thus optimise the results of the intervention in patients with giant hiatal hernia.

Research conclusions
From the study results obtained, the working area determines the cases in which we can operate safely and those in which certain areas of the hernia cannot be accessed, which is when the thoracoscopic approach would be safer.

Research perspectives
By determining certain parameters – the camera angle aperture, the diameter of the hernial orifice and the positioning of the trocars with respect to this orifice – we can calculate the angle of vision and the instrument working angle available during the intervention. 
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Figure Legends
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Figure 1 Geometric model for laparoscopy camera field of vision, 0º.
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Figure 2 Angle of vision for 0º and 30º camera and geometric model (30º).
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Figure 3 Projections of the operating field cones of vision.
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Figure 4 Geometric model of working area with laparoscopic operative instruments.
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Figure 5 Model superimposed on image: working area and field of vision with central trocar.
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Figure 6 Working area with lateral displacement of the trocar.
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Figure 7 Field of vision with lateral displacement of the trocar and camera at 30º.
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Figure 8 Simulation of the working area with different entry trocars, in a laparoscopically accessible giant hiatal hernia.
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Figure 9 Simulation of the working area with different entry trocars, in a giant hiatal hernia for which the laparoscopic approach is impractical (the arrow shows the area non-accessible to instruments).

Table 1 Camera angles of vision 0º (d = 0º and d = 60º) (x = trocar-hiatus cm, D = hernia- hiatus diameter)
	
	D (cm)

	X (cm)
	2
	3
	4
	5
	6
	7
	8
	9
	10

	10
	35.71
	38.53
	41.31
	44.04
	46.70
	49.29
	51.80
	54.23
	56.57

	11
	35.19
	37.77
	40.30
	42.80
	45.26
	47.65
	49.98
	52.25
	54.44

	12
	34.76
	37.13
	39.46
	41.77
	44.04
	46.26
	48.43
	50.56
	52.62

	13
	34.40
	36.58
	38.75
	40.89
	42.99
	45.07
	47.10
	49.09
	51.04

	14
	34.09
	36.12
	38.13
	40.12
	42.09
	44.04
	45.95
	47.82
	49.65

	15
	33.81
	35.71
	37.59
	39.46
	41.31
	43.13
	44.93
	46.70
	48.43

	16
	33.58
	35.36
	37.13
	38.88
	40.62
	42.34
	44.04
	45.71
	47.35

	17
	33.37
	35.04
	36.71
	38.37
	40.01
	41.63
	43.24
	44.83
	46.39

	18
	33.18
	34.76
	36.34
	37.91
	39.46
	41.00
	42.53
	44.04
	45.52

	19
	33.01
	34.51
	36.01
	37.50
	38.97
	40.44
	41.89
	43.32
	44.74

	20
	32.86
	34.29
	35.71
	37.13
	38.53
	39.93
	41.31
	42.68
	44.04

	21
	32.73
	34.09
	35.44
	36.79
	38.13
	39.46
	40.78
	42.09
	43.39

	22
	32.60
	33.90
	35.19
	36.48
	37.77
	39.04
	40.30
	41.56
	42.80

	23
	32.49
	33.73
	34.97
	36.20
	37.43
	38.65
	39.87
	41.07
	42.26

	24
	32.39
	33.58
	34.76
	35.95
	37.13
	38.30
	39.46
	40.62
	41.77

	25
	32.29
	33.43
	34.57
	35.71
	36.84
	37.97
	39.09
	40.20
	41.31




Table 2 Angles of vision with camera angle bevelled 30º (x = trocar-hiatus cm, D = hernia- hiatus diameter)
	
	D (cm)

	X (cm)
	2
	3
	4
	5
	6
	7
	8
	9
	10

	10
	65.71
	68.53
	71.31
	74.04
	76.70
	79.29
	81.80
	84.23
	86.57

	11
	65.19
	67.77
	70.30
	72.80
	75.26
	77.65
	79.98
	82.25
	84.44

	12
	64.76
	67.13
	69.46
	71.77
	74.04
	76.26
	78.43
	80.56
	82.62

	13
	64.40
	66.58
	68.75
	70.89
	72.99
	75.07
	77.10
	79.09
	81.04

	14
	64.09
	66.12
	68.13
	70.12
	72.09
	74.04
	75.95
	77.82
	79.65

	15
	63.81
	65.71
	67.59
	69.46
	71.31
	73.13
	74.93
	76.70
	78.43

	16
	63.58
	65.36
	67.13
	68.88
	70.62
	72.34
	74.04
	75.71
	77.35

	17
	63.37
	65.04
	66.71
	68.37
	70.01
	71.63
	73.24
	74.83
	76.39

	18
	63.18
	64.76
	66.34
	67.91
	69.46
	71.00
	72.53
	74.04
	75.52

	19
	63.01
	64.51
	66.01
	67.50
	68.97
	70.44
	71.89
	73.32
	74.74

	20
	62.86
	64.29
	65.71
	67.13
	68.53
	69.93
	71.31
	72.68
	74.04

	21
	62.73
	64.09
	65.44
	66.79
	68.13
	69.46
	70.78
	72.09
	73.39

	22
	62.60
	63.90
	65.19
	66.48
	67.77
	69.04
	70.30
	71.56
	72.80

	23
	62.49
	63.73
	64.97
	66.20
	67.43
	68.65
	69.87
	71.07
	72.26

	24
	62.39
	63.58
	64.76
	65.95
	67.13
	68.30
	69.46
	70.62
	71.77

	25
	62.29
	63.43
	64.57
	65.71
	66.84
	67.97
	69.09
	70.20
	71.31



Table 3 Working angles with laparoscopic instruments
	
	D (cm)

	X (cm)
	2
	3
	4
	5
	6
	7
	8
	9
	10

	10
	5.71
	8.53
	11.31
	14.04
	16.70
	19.29
	21.80
	24.23
	26.57

	11
	5.19
	7.77
	10.30
	12.80
	15.26
	17.65
	19.98
	22.25
	24.44

	12
	4.76
	7.13
	9.46
	11.77
	14.04
	16.26
	18.43
	20.56
	22.62

	13
	4.40
	6.58
	8.75
	10.89
	12.99
	15.07
	17.10
	19.09
	21.04

	14
	4.09
	6.12
	8.13
	10.12
	12.09
	14.04
	15.95
	17.82
	19.65

	15
	3.81
	5.71
	7.59
	9.46
	11.31
	13.13
	14.93
	16.70
	18.43

	16
	3.58
	5.36
	7.13
	8.88
	10.62
	12.34
	14.04
	15.71
	17.35

	17
	3.37
	5.04
	6.71
	8.37
	10.01
	11.63
	13.24
	14.83
	16.39

	18
	3.18
	4.76
	6.34
	7.91
	9.46
	11.00
	12.53
	14.04
	15.52

	19
	3.01
	4.51
	6.01
	7.50
	8.97
	10.44
	11.89
	13.32
	14.74

	20
	2.86
	4.29
	5.71
	7.13
	8.53
	9.93
	11.31
	12.68
	14.04

	21
	2.73
	4.09
	5.44
	6.79
	8.13
	9.46
	10.78
	12.09
	13.39

	22
	2.60
	3.90
	5.19
	6.48
	7.77
	9.04
	10.30
	11.56
	12.80

	23
	2.49
	3.73
	4.97
	6.20
	7.43
	8.65
	9.87
	11.07
	12.26

	24
	2.39
	3.58
	4.76
	5.95
	7.13
	8.30
	9.46
	10.62
	11.77

	25
	2.29
	3.43
	4.57
	5.71
	6.84
	7.97
	9.09
	10.20
	11.31



Table 4 Operative angles with standard trocars located 6 cm right or left from the midline
	
	D (cm)

	X (cm)
	2
	3
	4
	5
	6
	7
	8
	9
	10

	10
	34.99
	36.87
	38.66
	40.36
	41.99
	43.53
	45.00
	46.40
	47.73

	11
	32.47
	34.29
	36.03
	37.69
	39.29
	40.82
	42.27
	43.67
	45.00

	12
	30.26
	32.01
	33.69
	35.31
	36.87
	38.37
	39.81
	41.19
	42.51

	13
	28.30
	29.98
	31.61
	33.18
	34.70
	36.16
	37.57
	38.93
	40.24

	14
	26.57
	28.18
	29.74
	31.26
	32.74
	34.16
	35.54
	36.87
	38.16

	15
	25.02
	26.57
	28.07
	29.54
	30.96
	32.35
	33.69
	34.99
	36.25

	16
	23.63
	25.11
	26.57
	27.98
	29.36
	30.70
	32.01
	33.27
	34.51

	17
	22.38
	23.81
	25.20
	26.57
	27.90
	29.20
	30.47
	31.70
	32.91

	18
	21.25
	22.62
	23.96
	25.28
	26.57
	27.82
	29.05
	30.26
	31.43

	19
	20.22
	21.54
	22.83
	24.10
	25.35
	26.57
	27.76
	28.93
	30.07

	20
	19.29
	20.56
	21.80
	23.03
	24.23
	25.41
	26.57
	27.70
	28.81

	21
	18.43
	19.65
	20.85
	22.04
	23.20
	24.34
	25.46
	26.57
	27.65

	22
	17.65
	18.82
	19.98
	21.12
	22.25
	23.36
	24.44
	25.51
	26.57

	23
	16.93
	18.06
	19.18
	20.28
	21.37
	22.44
	23.50
	24.54
	25.56

	24
	16.26
	17.35
	18.43
	19.50
	20.56
	21.60
	22.62
	23.63
	24.62

	25
	15.64
	16.70
	17.74
	18.78
	19.80
	20.81
	21.80
	22.78
	23.75



Table 5 Angles of vision with the camera at 0º located 6 cm right or left from the midline
	
	D (cm)

	X (cm)
	2
	3
	4
	5
	6
	7
	8
	9
	10

	10
	64.99
	66.87
	68.66
	70.36
	71.99
	73.53
	75.00
	76.40
	77.73

	11
	62.47
	64.29
	66.03
	67.69
	69.29
	70.82
	72.27
	73.67
	75.00

	12
	60.26
	62.01
	63.69
	65.31
	66.87
	68.37
	69.81
	71.19
	72.51

	13
	58.30
	59.98
	61.61
	63.18
	64.70
	66.16
	67.57
	68.93
	70.24

	14
	56.57
	58.18
	59.74
	61.26
	62.74
	64.16
	65.54
	66.87
	68.16

	15
	55.02
	56.57
	58.07
	59.54
	60.96
	62.35
	63.69
	64.99
	66.25

	16
	53.63
	55.11
	56.57
	57.98
	59.36
	60.70
	62.01
	63.27
	64.51

	17
	52.38
	53.81
	55.20
	56.57
	57.90
	59.20
	60.47
	61.70
	62.91

	18
	51.25
	52.62
	53.96
	55.28
	56.57
	57.82
	59.05
	60.26
	61.43

	19
	50.22
	51.54
	52.83
	54.10
	55.35
	56.57
	57.76
	58.93
	60.07

	20
	49.29
	50.56
	51.80
	53.03
	54.23
	55.41
	56.57
	57.70
	58.81

	21
	48.43
	49.65
	50.85
	52.04
	53.20
	54.34
	55.46
	56.57
	57.65

	22
	47.65
	48.82
	49.98
	51.12
	52.25
	53.36
	54.44
	55.51
	56.57

	23
	46.93
	48.06
	49.18
	50.28
	51.37
	52.44
	53.50
	54.54
	55.56

	24
	46.26
	47.35
	48.43
	49.50
	50.56
	51.60
	52.62
	53.63
	54.62

	25
	45.64
	46.70
	47.74
	48.78
	49.80
	50.81
	51.80
	52.78
	53.75



Table 6 Angles of vision with the camera at 30º located 6 cm right or left from the midline
	
	D (cm)

	X (cm)
	2
	3
	4
	5
	6
	7
	8
	9
	10

	10
	94.99
	96.87
	98.66
	100.36
	101.99
	103.53
	105.00
	106.40
	107.73

	11
	92.47
	94.29
	96.03
	97.69
	99.29
	100.82
	102.27
	103.67
	105.00

	12
	90.26
	92.01
	93.69
	95.31
	96.87
	98.37
	99.81
	101.19
	102.51

	13
	88.30
	89.98
	91.61
	93.18
	94.70
	96.16
	97.57
	98.93
	100.24

	14
	86.57
	88.18
	89.74
	91.26
	92.74
	94.16
	95.54
	96.87
	98.16

	15
	85.02
	86.57
	88.07
	89.54
	90.96
	92.35
	93.69
	94.99
	96.25

	16
	83.63
	85.11
	86.57
	87.98
	89.36
	90.70
	92.01
	93.27
	94.51

	17
	82.38
	83.81
	85.20
	86.57
	87.90
	89.20
	90.47
	91.70
	92.91

	18
	81.25
	82.62
	83.96
	85.28
	86.57
	87.82
	89.05
	90.26
	91.43

	19
	80.22
	81.54
	82.83
	84.10
	85.35
	86.57
	87.76
	88.93
	90.07

	20
	79.29
	80.56
	81.80
	83.03
	84.23
	85.41
	86.57
	87.70
	88.81

	21
	78.43
	79.65
	80.85
	82.04
	83.20
	84.34
	85.46
	86.57
	87.65

	22
	77.65
	78.82
	79.98
	81.12
	82.25
	83.36
	84.44
	85.51
	86.57

	23
	76.93
	78.06
	79.18
	80.28
	81.37
	82.44
	83.50
	84.54
	85.56

	24
	76.26
	77.35
	78.43
	79.50
	80.56
	81.60
	82.62
	83.63
	84.62

	25
	75.64
	76.70
	77.74
	78.78
	79.80
	80.81
	81.80
	82.78
	83.75
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TAN     =  D / 2 𝑋   .   →      = ATAN ( D / 2 𝑋 )  
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                   + ATAN ( D / 2 𝑋 )  
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                      + ATAN ( D / 2 𝑋 ) +   


