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Summary  

The principal theme of this thesis is the effect of yoked prisms on body posture and 
egocentric perception. Yoked prisms have been clinically used in the management of a 
variety of visual and neuro-motor dysfunctions. Most studies have been conducted in 
pathological populations by studying the effects of prismatic adaptation, without 
distinguishing short and long term effects. In this study, postural and perceptual prismatic 
effects have been studied by preventing prism adaptation. A healthy population was selected 
in order to investigate the immediate prismatic effects, when there is no obvious benefit from 
their use for the individual. 

Posturography was used to assess changes in weight distribution and shifts in centre of 
pressure (barycentre). In addition, photographic analyses were used to assess effects on 
posture on the x and z axis. Experiments with space board and visual midline shift were used 
for the evaluation of spatial perception and egocentric localisation. One pair of 8 ȹ yoked 
prisms base left (BL) and one pair of 8 ȹ yoked prisms base up (BU) were applied randomly 
and compared to a pair of plano lenses. 

Results suggest that immediate prismatic effects take place on a perceptual level and are 
reflected on an altered body posture respectively without significant changes in weight 
distribution. Yoked prisms BL showed a rightward rotational effect on spatial perception by 
expanding space on the z axis when viewing through the base of the prism and constricting 
space through the apex of the prism. Body posture responded respectively to what was 
visually perceived by altering posture. A rightward shift and tilt of the head was recorded 
along with the hips shift and shoulders tilt in the dame direction. Additionally, right shoulder 
shifted backwards and an angular midline shift to the right was recorded. The egocentric 
localisation was affected by shifting the midline perception to the left. Yoked prisms BU 
resulted on a head shift forward and a reduction of the head-neck angle by bringing the chin 
closer to the chest. The egocentric localisation was altered on the vertical axis providing 
subjects the perception that their eye level was higher during the experiment.  

In conclusion, yoked prisms seemed to induce changes in body posture, mainly in the upper 
body and head, without any significant changes in weight distribution. These changes are 
partially reflected in spatial perception tests and egocentric localisation before any prismatic 
adaptation takes place. 

Keywords: (barycentre, midline shift, posturography, prism adaptation, spatial perception) 
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CHAPTER 1 ï INTRODUCTION 

1.1 General introduction to yoked prisms 

Yoked prisms are prisms of equal power positioned with their bases towards the same 

direction (Weiss & Brown, 1995). They are usually prescribed with bases in vertical 

orientation, both lenses base up (BU) or base down (BD), or in a horizontal orientation, both 

lenses base right (BR) or base left (BL). They can be even prescribed in oblique orientation 

but this approach is infrequently used (e.g. both lenses base up and right). Sometimes yoked 

prisms are referred to as óconjugate prismsô or óambient lensesô (Kaplan, et al., 1996; 

Scheiman & Wick, 1994). Optometry, ophthalmology, psychology and neurology are 

examples of different disciplines that have used yoked prisms as a research and therapeutic 

tool. 

Progressive spectacles usually incorporate yoked prisms of small amounts, called thinning 

prisms, for reducing thickness that is created due to differences in lens curvature at the 

upper and lower part of the lens (Cho & Benjamin, 1998). The prismatic power used in these 

cases is equal to 2/3 of the prescribed addition in BD format and usually do not exceed 2 ȹ 

prismatic dioptres. This amount is in agreement with a study that examined subjective 

perception of different amounts of BD yoked prisms and showed that subjects could not 

significantly differentiate between 2 ȹ BD and plano lenses (Sheedy & Parsons, 1987). This 

is also a probable explanation on the exaggerated forward head posture that is noted in 

progressive lens users in addition to the expected searching for the optimal zone on the lens 

according to their visual needs (Hills-Willford, et al., 1996).  

The use of yoked prisms has been proposed in cases of nystagmus management (Metzger, 

1950) and the same approach was reviewed again later (Fischer & Mahaphon, 2006). The 

idea is based on inducing shift of eye gaze towards the null point thus reducing head turn 

and tilt that are often present in these cases. The same principle can be applied in cases 

where there is diplopia due to oculomotor nerve palsy (Galbrecht, et al., 2007) or Graveôs 

disease by guiding both eyes to the less diplopic gaze position. Since both eyes 

synergistically alter their primary gaze through yoked prisms, it is obvious that BD yoked 

prisms can be used in a symptomatic óV patternô esodeviation or óA patternô exodeviation 

case for reading in a down gaze position (Caloroso & Cotter, 1995). The application of yoked 

prisms can be also effective in cases of double elevator palsy (Garriott & Rouse, 1994). 

Yoked prisms are also mentioned in managing fixation dysfunction with intermittent saccadic 

intrusions (Weissberg, et al., 2000) and reducing eye strain due to computer use (Lazarus, 
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1996). 1 Vertical yoked prisms also have an interesting effect on stereolocalisation. This 

effect has been investigated with the use of two overlapping polarized slides, known as 

Quoits vectograms (Stereo Optical Company, Inc., 8600 W. Catalpa Ave., Suite 703 

Chicago, IL 60656 USA ), which induce a stereoscopic effect relative to their disparity. Yoked 

prisms BU caused stereolocalisation to expand further away while BD yoked prisms induced 

the opposite effect bringing stereolocalisation closer compared to plano lenses (Hock & 

Coffey, 2000). 

There is also a significant role for yoked prisms in enhancing rehabilitation in visual field 

defects (Margolis & Suter, 2006; Suchoff & Ciuffreda, 2004) or central scotomas 

(Romayananda, et al., 1982). The underlying principle is to transfer missing visual 

information to a more healthy and functional part of the retina. In order to achieve the desired 

results, Fresnel prisms or round prisms of very small diameter (Gottlieb Visual Field 

Awareness System), are usually attached in certain parts of the lenses or are dispensed, 

less frequently, in a full diameter lens form (Menezes, 2013). 

Interestingly, using yoked prisms has been also proposed for modifying postural adaptation 

after cerebrovascular accidents, where patients experience a lean to the affected side of 

hemiparesis, known as Pusherôs syndrome, and later a compensatory lean to the other side 

due to sensory-motor information and spatial perception systems (Padula, et al., 2009). 

Effects of yoked prisms on posture have been reported even in ankylosing spondylitis, a 

chronic inflammatory disease (Richer, 1986). More recently, the role of yoked prisms was 

highlighted in a case with bilateral sacroiliac joint dysfunction, where other interventions 

provided only minimal relief of symptoms (Robey & Boyle, 2013) and as a successful 

treatment in another case of persisting neck pain, after radical dissection (Bartley, et al., 

2014). During neck dissection the sternocleidomastoid muscle is often removed, so the 

persisting pain can be due to a óphantom muscleô phenomenon. This kind of usage is mainly 

implemented by behavioural optometrists during vision therapy / vision training sessions to 

address postural deficits of the body, head and eyes in order to develop and restore normal 

inter-sensory and perceptual-motor functions (Sutton, 1985). Early publications from the 

Optometric Extension Program were used as clinical guidelines for behavioural vision care 

practitioners in prescribing yoked prisms (Kaplan, 1978-1979; Kraskin, 1982).  

According to research, cognitive functions are also affected, proving positive effects of yoked 

prisms when applied to patients suffering from neglect (Rossetti, et al., 1998). Behavioural 

modifications have been reported with the use of yoked prisms in psychiatric patients (Flach, 

et al., 1992), persistent non-malingering syndrome known also as Streff Syndrome (Leslie, 

                                                           
1 Saccadic intrusions describe the condition of inappropriate saccades disrupting fixational 
stability. 
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2001) and in children in the autistic spectrum (Carmody, et al., 2001; Kaplan, et al., 1998; 

Kaplan, et al., 1996). Recently yoked prisms were used successfully shifting field by 20Á in 

order to modulate the differences in hand temperature in unilateral upper-limb complex 

regional pain syndrome (CRPS), since it has been hypothesized that itôs not the actual place 

of hands relative to body midline that alters temperature, as it is known in this condition, but 

their perceived location (Moseley, et al., 2013). 

1.2 Optical and perceptual aspects of prisms 

The main prismatic effect is to deviate a parallel or divergent beam of light towards the base 

of the prism, thus a subject perceives deviation of the light source towards the apex of the 

prism, as suggested by geometrical optics. The opposite effect appears when there is a 

convergent beam of light resulting in shifting the perceived light source towards the base of 

the prism. This is common in some ophthalmic instruments like the lensometer (Brown, 

1995). Prismatic effect is dependent on the angle of incidence of light to the surface of the 

prism (Harris, 2011). There is a certain angle at which the deviation of light is minimum. 

Steeper or flatter angles of incidence will result in a more powerful prismatic effect (Figure 1). 

Chromatic aberrations are well documented with longer wavelengths of light spectrum (red) 

deviated less and shorter wavelengths (blue) deviated more. As a result, any observer is 

able to perceive blue fringes towards the apex and red fringes towards the base of a prism. 

The higher the prismatic power the greater the perceived chromatic aberration. However, 

prism performance is more complicated due to optical design and apparent distortions. 

Distortions of the image seen through a prism are dependent not only on the characteristics 

of the lens, but also on its relative placement in front of the eye. 

 

Figure 1 Prismatic effectiveness in relation to the angle of incidence of light (from Suter & 

Harvey, 2011) 

As a result, distortions are different when examined through different parts of the prismatic 

lens. Size and curvature distortions are of different magnitude when optical axis of the eye 
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passes through the base or the apex of the prism. (Ogle, 1951). There is a difference in 

angular magnification in the base ï apex meridian, providing an enlarged image through the 

apex of the prism and a compressed one through the base (Welch, 1978). There is also a 

general angular magnification of different amount in the base ï apex meridian than parallel to 

the base, which can be attributed to astigmatic error, since rays passing through are of 

oblique incidence (Figure 2).  

 

Figure 2 An indicative representation of the distortional pattern and the angular magnification 

in the base-apex meridian, induced by a prism (from Ogle, 1951). 

In addition, a perceived curvature of the image parallel to the base is expected with the 

convex side towards the apex of the prism (Rock, 1975) (Figure 3). This induced curvature is 

also accompanied by a size reduction towards the apex of the prism (Kaufman, 1974). The 

whole image distortion can be perceived by an individual in two different ways. It can be 

perceived either as an image with distorted size along the base ï apex meridian, but still in 

the frontal plane or as an image rotated around the vertical axis obeying size constancy and 

depth perspective rules (Figure 4). The distortions referred to above are for prisms with flat 

surfaces. The distorted image becomes more complicated if the lens is manufactured on 

spherical surfaces. In this case, base curve, vertex distance, thickness of the lens and the 

relative position in front of the eye become significant factors too. 
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Figure 3 Distortion representation of space curvature parallel to the base (from Rock, 1975) 

 

Figure 4 Vertical size reduction towards the apex of the prism (from Kaufman, 1974) 

Previous studies have shown that uncorrected myopes preferred to turn their head in a 

position where they were able to look through the apex of the prisms, no matter what the 

direction of the base was, reporting increased visual acuity (Streff, 1973). Whereas, 

uncorrected hyperopic patients preferred to turn their head in a position where they were 

able to look through the base of the prisms, also reporting increased visual acuity. Further 

investigation proved that relative thickness of the lens and the angle of incidence of the 

visual axis relative to the prism seem to create plus and negative lens effects towards the 

base and apex of the prism respectively. Using a 10 ȹ lens of 6.75 base curve in a 40Á angle 

of view could induce up to +0.89 DC through the base of the prism and up to -0.92 DC 

through the apex of the same lens. 

Patientsô behavioural reactions to yoked prisms have been reported (Forkiotis, 1995; Kaplan, 

1978-1979; Sutton, 1985). Base up yoked prisms leads both eyes downwards inducing an 
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increase in convergent and accommodation. The increase in convergent is supported by the 

tertiary action of the inferior rectus muscles inducing adduction, thus increasing 

accommodation (Super, 1995). Using such lenses for long periods has resulted in feeling 

that space and breathing were compressed (Forkiotis, 1995) while perceiving a body 

sensation of being stretched on a lateral basis (Sutton, 1985). Yoked prisms BD lead both 

eyes upwards increasing divergence and reducing accommodation. The increase in 

divergence is supported by the tertiary action of the inferior oblique muscles inducing 

abduction, thus reducing accommodation (Super, 1995). After long periods of use, in small 

amounts, breathing has been reported as being deeper and easier (Forkiotis, 1995) while 

also providing a relaxed body sensation (Sutton, 1985). 

1.3 Prism adaptation and after-effects 

Experiments noted that the initial effect of a displaced image was gradually adapted by 

subjects and readapted when prisms were removed (Gibson, 1933). For example, when an 

individual used a pair of yoked prisms base left causing a rightward shift, there was a clear 

tendency to overestimate pointing or reaching to the right by the same spatial amount as the 

value contained in the prism. After a number of attempts a recalibration takes place and the 

individual can point correctly again. Prism adaptation represents this natural mechanism of 

re-establishing a stable frame of reference. When prisms are removed a new 

misinterpretation of space is present and now individuals overestimate pointing or reaching 

to the left by the same spatial amount as the value contained in the prism. The term óafter-

effectô or ónegative after-effectô is used to describe visual-motor adaptation back to its initial 

state after prism removal. This after-effect represents a secondary effect to prism adaptation. 

Even though the brain is aware that the prisms are removed, new attempts are needed in 

order to recalibrate. The same adaptation occurs, even if prism is applied in front of one eye 

only, with the fellow eye occluded. 

Early research examined conditions that could enhance adaptation. Three conditions were 

examined including active movement, where subjects were allowed to move their hand, 

passive movement, where subjectsô hand was moved by others, and no movement which 

served as a control condition. Results suggested that adaptation emerges only in active 

conditions (Held & Schlank, 1959). Perceptual and sensory-motor adaptation to vertical 

yoked prisms has been investigated and it was found that most occurred during the first 30 

minutes (Huang & Ciuffreda, 2006). The after-effect seems to last for many hours, depending 

on the nature of activities and repeatability (Hatada, et al., 2006). Studies of healthy 

participants showed that when visuo-manual adaptation is used, then higher level processing 

related to body representation in space is affected, resulting in postural changes (Michel, et 

al., 2003). Applying yoked prisms for 20-minute daily sessions for five weeks indicated that 

positive results could be sustained up to six months (Serino, et al., 2009). 
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There are many brain areas involved in prism adaptation and after-effect. The use of fMRI in 

order to investigate where spatial recalibration takes place has indicated different brain areas 

at different phases of the process. During initial error detection, the anterior intraparietal 

sulcus seems to be activated followed by parieto-occipital sulcus, which plays a significant 

role in error correction. Cerebellar activity is enhanced with spatial realignment modifying 

responses of the superior temporal cortex (Luaute, et al., 2009). 

1.4 Posture maintenance, egocentric perception and midline shift 

Postural control is essential for movement serving as the background substrata for any kind 

of movement (Young, 2004). Postural control involves alignment and postural tone in a 

dynamic way. Resting postural tone is the automatic muscle activity providing tension and 

resistance against gravity. Muscle tension increase at necessary levels for stability in order to 

initiate movement. Each sensory system can differentiate postural tone. Within this frame it is 

also necessary to consider musculoskeletal components. Muscle strength and postural tone 

should be reviewed separately. Any movement is based on a proper postural alignment that 

is regulated by the sensory systems. This frame of reference will allow for synergistic co-

activation (Magrun, 2012). 

Visual, vestibular and somatosensory information are integrated to provide posture and 

balance stability, although their contribution is not equal depending on the conditions 

(Isableu, et al., 2010). A highly visual dependence has been reported in stroke (Bonan, et al., 

2004) and elderly patients (Van Hedel & Dietz, 2004), while visual deprivation seems to 

reduce upper body stability in normal subjects, when tested in dynamic conditions (Iosa, et 

al., 2012). Congenital visual deprivation induces a larger variation in craniovertical angle 

compared to normal sighted subjects due to a forward-downward tilt of the head which can 

result in altered mandibular position, craniofacial and dental alveolar morphology (Dogan & 

Erturk, 1990). There is even a correlation between visual impairment and the severity of 

postural deformation in scoliosis compared to a control group with normal vision (Catanzariti, 

et al., 2001). Vestibular dependence has been reported before a turn when walking 

(Kennedy, et al., 2005) while people with autism depend mainly on somatosensory inputs 

(Masterton & Biederman, 1983). However, when standing on an unstable surface, visual and 

vestibular information become of greater importance (Peterka, 2002). This is supported by 

research showing that visual deficits are associated with increased fall risks in older people 

(Poulain & Giraudet, 2007; Brook-Wavell, et al., 2002) and decreased visual efficiency is 

closely related to postural stability (Anand, et al., 2003). A reduction in fall frequency after 

cataract surgery and restoration of vision seems a logical consequence (Schwartz, et al., 

2005). 
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Viewing through different gaze positions can also have a significant effect on postural 

stability, as suggested by reduction of body oscillations during upright standing, when gaze is 

directed beyond or below eye level (Kapoula & Le, 2006; Ustinova & Perkins, 2011), and 

many brain areas which contribute to motor planning can be altered in their neural 

processing (Bedard, et al., 2008). Apart from directing both eyes in a different gaze position, 

yoked prisms create visual distortions, which have been proven to influence the bodyôs 

vertical orientation (Carriot, et al., 2008; Keshner & Kenyon, 2009). Moreover, postural 

performance during prism adaptation has been shown to be dependent upon postural 

adjustments, strategic recalibration and spatial realignment, even at an after-effect level 

(Redding & Wallace, 2004). 

To understand the role of vision in posture, a functional description of vision as a bimodal 

process is helpful in order to highlight other, less frequently reported, aspects of the visual 

process. Referred to as ófocalô and óambientô vision processes these two systems actually 

describe two different neurological mechanisms used for building up a personal visual 

experience (Trevarthen & Sperry, 1973). The focal visual process is mainly concerned with 

discriminating details and parts of the visual scene, while ambient visual process is mainly 

concerned about spatial aspects and the óbig pictureô. Focal vision is referenced primarily to 

the occipital cortex, while ambient vision is composed of 20% of the nerve fibres from each 

eye travelling to the midbrain, where visual information is integrated with kinesthetic, 

proprioceptive and vestibular inputs at the superior colliculus level. The superior colliculus is 

one of the three main destinations, along with the lateral geniculate bodies, which in 

continuum project to the occipital cortex and pretectal nucleus. Apart from the nerve fibres 

emerging from the superior brachium of the optic tract, superior colliculus receives fibres 

from the occipital cortex through the lateral geniculate bodies and spino-tectal tract carrying 

information from spinal cord and medulla. It is known for its fundamental role in head and eye 

coordination and orientation serving as centre for integrating extraocular proprioceptive 

signals and spinal trigeminal nucleus (Klier, et al., 2003). There is also a reciprocal feedback 

pathway with reticular formation probably related to extraocular proprioception (Chen & May, 

2000). This integration provides a perceptual frame of reference for posture, orientation and 

movement (Bron, et al., 1997), thus answering the fundamental question ówhere am Iô in 

addition to the dorsal and ventral streams answering ówhere is itô and ówhat is itô respectively 

(Goodale & Milner, 1992). 

Spatial perception in relation to egocentric localisation is determined by a combination of 

oculocentric and extraretinal informative parameters. Oculocentric information is provided by 

the position of the projected object on the retina in relation to the fovea. Extraretinal 

information is provided by neural-motor signaling leading eye rotation and proprioception of 

the extraocular muscles (Fogt & Jones, 1996). Two main reference frames have been 
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suggested in previous researches while investigating spatial perception changes: The óvisualô 

eye-head-centred frame and the óproprioceptiveô hand-head reference frame. The first one 

has been proposed in the diagnosis of Visual Midline Shift Syndrome (VMSS) in right brain 

damaged patients, showing left hemiparesis and rightward shift of midline (Padula, et al., 

2009). The second frame of reference is mostly important when visual information is 

deprived, as it happens in experiments with subjects pointing straight ahead while 

blindfolded. Furthermore, visual open loop (VOL) pointing proposes an integrated way of 

measuring spatial localisation. Visual open loop pointing requires the subject to point towards 

a visual target but while having the arm hidden under a horizontal board. The technique has 

been proposed for clinical use (Valenti, 1996) and believed to reveal the association of 

óvisualô and óproprioceptiveô frames of reference (Wilkinson, 1971) as confirmed in 

experimental settings (Wallace & Garrett, 1975; Wallace, 1977). 

The optical and perceptual effects of prisms have been described in this chapter along with 

some fundamental concepts on the prismatic adaptation and the after-effects observed 

following their removal. In addition, some critical aspects of postural maintenance and 

subjective perception of the bodyôs midline have been mentioned that would be helpful in 

understanding previous researches. In the next chapter the use of yoked prisms in several 

clinical and research areas is covered and the mechanisms for prismatic adaptation are 

approached in more details. The parameters that affect a natural standing posture and 

egocentric localisation are also analyzed in order to set the base for considering the 

experimental settings used in this research. 
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CHAPTER 2 ï LITERATURE REVIEW 

The prismatic effects, in terms of optical and perceptual transformations, were discussed in 

the first chapter. Prismatic adaptation and after-effects were also covered by describing their 

fundamental concepts. In addition, a review of the parameters supporting the upright posture 

was discussed along with the characteristics of the subjective midline perception. In this 

chapter a detailed review on the use of yoked prisms in clinical and research settings is 

presented from various discipline areas. A significant part of this chapter is dedicated to the 

review of the theories and mechanisms involved in the prismatic adaptation while more 

details are also provided on the parameters that affect posture and physiological egocentric 

localisation. 

2.1 Critical review of the use of yoked prisms 

A survey produced by the College of Optometrists in Vision Development showed that 90% 

of the responders were aware of yoked prisms usage, but only 21% of the most experienced 

and 10% of the newer practitioners actually prescribed them on a regular basis for home use 

or daily wear. In the same survey responders showed a preference to yoked prisms of 5 ȹ or 

less when prescribing for home therapy purposes and larger than 6 ȹ and even up to 20 ȹ 

when used during in-office vision therapy programs (Kaplan & Carmody, 1997). This survey 

can be considered reliable amongst behavioural or developmental optometrists, who use 

yoked prisms as a diagnostic and therapeutic tool extensively. In addition, evidence suggests 

that in some conditions yoked prisms are used more frequently. A retrospective analysis of 

the records of 60 patients with acquired brain injury on the use of yoked prisms, showed that 

homonymous quadranopsia was the primary indication for yoked prisms prescription 

representing 58.3% of the cases. Visual neglect was the second indication for prescribing in 

40% of the cases, while abnormal egocentric localisation was the primary concern in 11.7% 

(Bansal, et al., 2014). 

2.1.1. Yoked prisms in autism 

The beneficial effect of yoked prisms in the autistic population is clearly stated (Kaplan, et al., 

1996; Kaplan, et al., 1998; Carmody, et al., 2001). However, those studies have been carried 

out by the same group and there is lack of research by other investigators. Besides, the 

beneficial effects reported seem to fade after three to four months. This could be explained 

as reaching a performance plateau, with the specific amount of prisms used or reaching the 

highest potentials of subjectsô functional levels. Recently, a study on autistic children showed 

that yoked prisms increased electro dermal reactivity, which is indicative of increased 

emotional arousal and attentiveness, compared to placebo lenses. In addition, significant 

differences in heart rate were also recorded, especially in the low emotional arousal condition 

for the subjects wearing yoked prisms (Sokhadze, et al., 2012).  
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2.1.2 Yoked prisms in postural control 

The evidence for the use of yoked prisms in postural control is based mainly on case reports, 

personal opinions and a few controlled studies (Jennings, 2000). The effects of yoked prisms 

on body posture have been investigated mainly in pathology groups. Patients who present 

hemiparesis after cerebrovascular accident usually have a tendency to lean to the affected 

side. This behaviour is unrelated to vestibular function and seems to be related to a more 

generalized disturbed perception of body position in space (Johannsen, et al., 2006). The 

bodyôs tendency changes after a few weeks in many patients who then lean towards the 

unaffected side. This seems to be the result of reorganizing the available information from 

the sensory-motor system. The coexistence of a unilateral neglect, in almost 60% of cases, 

can support further asymmetries in body orientation (Adams & Hurwitz, 1963). The term Post 

Trauma Vision Syndrome has been used to describe the dysfunctional ambient visual 

process, which is usually accompanied by over-focalization on details, binocular dysfunctions 

and several compromises in higher cognitive processing (Padula, et al., 2009). 

The use of yoked prisms in clinical cases of cerebrovascular accident and traumatic brain 

injury has been reported as beneficial (Benabib & Nelson, 1993) indicating that the form of 

binocular dysfunctions in such cases results from interference with ambient visual processing 

at the thalamic level (Padula, et al., 1994). Results of a study of 30 patients after 

cerebrovascular accident versus a control group highlighted the dynamic nature of the visual 

process in establishing a pre-conscious reference of visual midline in relation to changes 

emerging from hemiparesis. Participants were tested in terms of how they perceived their 

visual midline and postural orientation. Yoked prisms were effective in re-establishing the 

spatial frame in the patientsô group through the ambient visual process and as a result 

support balance and posture (Padula, et al., 2009). The authors recognized that the study 

was limited to cerebrovascular accident patients, but highlighted that the same effects have 

been documented in neurological conditions such as multiple sclerosis, cerebral palsy, 

Friedreichôs ataxia and Niemann-Pick syndrome (Padula, et al., 2007). 

Management of abnormal head posture with vertical yoked prisms and vision therapy was 

advocated in a discussion paper (Tea, 2008), while another recent paper underlined the 

clinical value of yoked prisms in a case of sacroiliac joint dysfunction of an athlete whose 

rehabilitation program was limited in reducing pain and correcting posture, until BD prisms 

were prescribed. The initial five weeks program including popular chiropractic and orthotic 

techniques was of small benefit reducing the Numeric Pain Scale (NPS) from 7/10 to 5/10. 

Orthotics is customized artificial foot supports used to enhance the proper posture and 

balance the biomechanical inadequacies of feet and legs. Application of 2 ȹ yoked prisms 

BD for two hours on a daily basis along with the program prescribed resulted in a total relief 

to 0/10 NPS in four weeks (Robey & Boyle, 2013). The authors noted that yoked prisms had 
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a significant effect on relaxation of paravertebral and hip flexors, thus supporting paraspinal 

and hip flexor musculature. Results enabled hamstring muscles to engage in a more natural 

posture compared to the previous one which was characterized by forward head posture, 

kyphosis, hyperactive spinal extensors and overactive hip flexors. 

In another preliminary investigation examining the effect of yoked prisms on the posture of 

patients with adolescent idiopathic scoliosis, researchers found positive changes presented 

with decreased angle of trunk misalignment, when 5 ȹ yoked prisms base left were applied 

(Wong, et al., 2002). Subjects had a right thoracic curve pattern with left compensatory 

lumbar curve and responded positively to BL and BDL at axis 157.5Á, but not at other axes or 

when higher prismatic amount of 10 ȹ was used. Although the sample was extremely small, 

the results were in agreement with previous attempts showing that changing the skeletal 

muscle tone was possible in scoliotic patients with the application of low power prismatic 

lenses (Silva, 1992). In addition, the Fresnel prismatic lenses that were used are probably 

not characterized by the same optical, spatial and perceptual effects compared to flat or 

curved prisms.   

One study that was designed for a normal population with no history of neurological, 

vestibular or visual disease examined yoked prisms effects by using moving platform 

posturography (Gizzi, et al., 1997). The experimental setup was created in order to provide 

quantitative description of postural stability and its dependence on different sensory 

information. Just as yoked prisms correct midline shift in neurological challenged patients, 

they may also affect healthy people in the same manner. In order to investigate this 

hypothesis 15 ȹ yoked prisms BR were used and recordings were taken before prism 

application, immediately after their application, and after an hour of free navigation with the 

prisms on. Results showed that in every posturographic condition subjects experienced a 

shift in the centre of gravity towards right, even with eyes closed. Approximate shift was 

measured about 0.5Á immediately after prism application and 0.75Á after one hour, which 

seems small for the prismatic amount of 15 ȹ BR. Unfortunately, only eight subjects 

participated in this study, which is a very small sample group. In addition, trials were not 

random and the research design did not meet single or double masked criteria. It should also 

be noted that no consideration was given to potential prismatic adaptation effects while 

changing conditions during the experiments. This fact may explain partially the recorded shift 

with eyes closed. The authors recognized some of these limitations and concluded that 

further research with additional smaller amounts of yoked prisms was necessary. 

An unusual combination of vertical and lateral prisms was used in a study in order to detect 

changes on dynamic posturography concerning posture and gait (Gottshall, et al., 2006). 

Since centre of gravity is hard to quantify, centre of pressure (CoP) is usually used. 
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Measurement of CoP is defined as the displacement in the anterior-posterior and sideward 

directions within the base of support (Collins & De Luca, 1993). The CoP represents the 

weighted average of all the pressures over the surface of the area in contact with the ground 

(Winter, 1995), which is related to body sway. No significant effects were found on centre of 

pressure (CoP) in 80 participants, but mild to moderate effects were recorded in various 

walking conditions of the dynamic gait index. Results showed different effectivity in static 

compared to dynamic conditions, probably due to prismatic adaptation. Changes in gait were 

also documented when walking with yoked prisms BD resulting in a slower and more 

cautious pattern while no changes were found with yoked prisms BU (Errington, et al., 2013). 

Researchers suggested that the effects may be partially due to a perceived increased height, 

since many of the participants reported feeling taller. Based on these comments researchers 

proposed that this is in agreement with perception through the base of a prism resulting in 

minification, thus feeling more distant from the ground. As a result the feeling of increased 

real or virtual heights can lead to fear of falling (Cleworth, et al., 2012) explaining their 

cautious behaviour (Delbaere, et al., 2009). Although this idea may explain the results, BD 

prisms also result in a view of the environment as being at a higher level, thus creating a 

perception of standing on an ascent (Backus, et al., 1999). As a consequence, the body 

would lean to the front and subjects would probably increase step length and be less 

cautious, which is in contrary to what was measured. 

An investigation of the effect of 5 ȹ vertical yoked prisms on body posture (Suttle, et al., 

2011) showed no effect on hip joint angle, torso angle and neck joint angle at different time 

intervals (before prism application, immediately after, at 10, 20 and 30 minutes, after 

removal) during different tasks. No statistically significant effects were found. Although 

prisms were applied in a random order, only six subjects participated in this study which is a 

small sample and no method is reported for prohibiting or considering prismatic adaptation 

during the different tasks.  

2.1.3 Yoked prisms and visual neglect 

The effect of yoked prisms on visual neglect has been extensively studied. Neglect 

represents a complex and heterogeneous disorder associated with right brain damage and 

less frequently left brain damage, resulting in failure to report or respond to stimuli presented 

in the opposite side of the lesion (Ringman, et al., 2004). A key study on left-hemispatial 

neglect initiated numerous studies on this topic (Rossetti, et al., 1998). Many of the 

symptoms present in this condition show a characteristic pathological shift of the subjective 

midline to the right. Results of this study showed significant improvements in midline 

perception and other neuropsychological tests in all six participants, who used yoked prisms 

base left. Results have been confirmed and positive effects are also reported in postural 

imbalance (Nijboer, et al., 2014), mental imagery tasks (Rode, et al., 2001), tactile process 
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(Maravita, et al., 2003) and auditory extinction (Jacquin-Courtois, et al., 2010). However, 

other studies do not support the beneficial effects of yoked prisms in neglect patients (Ferber 

& Murray, 2005; Sarri, et al., 2010) and more randomized controlled trials are needed (Rode, 

et al., 2006). The underlying mechanisms of prism adaptation in neglect patients are not fully 

understood. In addition, experiments based on inducing neglect-like conditions may not 

share the same mechanisms. 

2.1.4 Yoked prisms in pain management 

Another area of interest in yoked prisms application is the modification of the perception of 

pain. Studies conducted showed that perceived body midline shifted to one side when pain 

was present, thus providing evidence that visual and somatosensory systems are 

interdependent (Sumitani, et al., 2007a). Based on this concept, yoked prisms with enough 

power to induce a 20 degrees visual field displacement were applied towards the unaffected 

side, resulting in alleviating pathologic pain. In contrast, when the same amounts of yoked 

prisms were applied shifting field towards the affected side pain perception was exacerbated 

(Sumitani, et al., 2007b). Similar results have been obtained in cases of complex regional 

pain syndrome (Bultitude & Rafal, 2010). Adaptation to yoked prisms shifting visual field 

towards the unaffected side has successfully reduced pain and other symptoms, while 

exacerbation of the symptoms occurs, when the opposite direction of prisms is used. It is 

interesting that even thermoregulation deficits between the limbs seem to be visually 

dependent on perceived midline and not by the actual configuration of the limb. Alterations 

induced by prisms within a body-centred frame of reference are able to change individualôs 

functional levels (Moseley, et al., 2013). 

Although repeated clinical trials and double masked studies would be helpful to support the 

incorporation of yoked prisms in clinical practice (Barrett, 2009), it is not always applicable. 

One reason is that it is sometimes difficult to apply a placebo therapy in a control group that 

is credible. Another reason can be the lack of customized therapeutic approach by applying 

the same intervention, for example the same amount of prism in every subject. Effectiveness 

may be significantly secured in certain study designs, where slightly different treatment 

approaches are applied to participants. Pragmatic trials highlighting intervention as a 

ócomplete packageô, including personalized treatments and interactive relationships with 

health care providers, are needed along with explanatory trials to identify the nature of 

therapeutic effect (Richardson, 2000).  

2.2 Critical review of prismatic adaptation and after-effect concepts 

The term óprismatic adaptationô is used in the optometric literature mainly to describe 

alterations in horizontal or vertical vergences, when prisms are applied in front of one or both 

eyes in an asymmetrical form (BU and BD, both eyes BO, both eyes BI). In the non-
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optometric literature, the same term is referred to the characteristics of visual-motor 

adaptation after yoked prisms have been applied. Early experiments proved that active 

conditions are necessary for adaptation to take place (Held & Schlank, 1959). Prism 

adaptation has been shown to influence the visuo-motor system (Serino, et al., 2006), 

performance on a series of neuropsychological tests in patients with neglect (Rossetti, et al., 

1998; Bultitude & Woods, 2010; Serino, et al., 2009; Luaute, et al., 2009), global/ local 

processing (Bultitude, et al., 2009), visual imagery (Rode, et al., 2001), and auditory 

processing (Magnani, et al., 2012; Jacquin-Courtois, et al., 2010). 

2.2.1 Considerations on the adaptive process and after-effects 

It seems that there is no correspondence between the initial perceived prismatic effect and 

the prismatic power of the lens. Research has shown that subjects perceive about 40% of 

the field displacement, even though they remain stable and prevented from watching their 

own body (Redding & Wallace, 2004). The apparatus used in that experiment was made of 

two wooden box-like shelves with an opening on subjectôs side in order to place their testing 

hand inside, a chin rest, and an occluding shelf just below their nose. All 24 participants in 

this research completed three experimental phases: The óvisual shift testô required subjects 

to report verbally when a moving target was in their midline before and after prism exposure 

while keeping their head still. Any differences between measurements before and after prism 

exposure indicate an after-effect measurement of the eye-head system. The óproprioceptive 

shift testô required to point straight ahead of their nose while blindfolded. Any differences 

between measurements before and after prism exposure indicate an after-effect 

measurement of the hand-head system. Finally, the ótotal shift testô required to point at a 

target by preventing eye contact with their hand. Any differences between measurements 

before and after prism exposure indicate an after-effect measurement of either or both eye-

head and hand-head systems. Results suggest an early correction effect that is present in 

the first attempt of the hand to point towards the target, without being visually guided. 

Postural adjustment, strategic recalibration and spatial realignment have been recognized to 

participate in prism adaptation and after-effects (Redding & Wallace, 2004). Cognitive 

judgment of straight ahead is another issue that is expressed by the tendency to perceive 

objects that are near to the straight ahead axis to be closer to that axis than expected 

according to the prismatic displacement (Harris, 1974). Repetition of pointing trials tend to 

reduce the initial error, thus pointing closer to the real target and further than the perceived 

one in as few as almost 15 trials. Visual feedback from the limb used for pointing over the 

distal part of the movement can reduce trials even more. In addition, if movement of the 

pointing limb is visually guided during the whole way to the target then initial error is almost 

absent even during the first attempt (Redding & Wallace, 1997). 
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Most studies on prism adaptation use one of the subjectôs arms for pointing to a target, after 

the prism has been introduced. The motor behaviour of this arm is used to measure the 

extension of the prismatic adaptation. Experiments have shown that there is little to no 

transfer of the prismatic adaptation to the fellow unexposed arm (Baizer, et al., 1999). Later 

researchers indicated the generalization of the process by demonstrating that walking, as a 

way for achieving prismatic adaptation, was also transferred to an arm pointing movement 

but not the vice versa (Morton & Bastian, 2004). The same research group contrasted 

previous results proving a clear generalization of prism adaptation from arm to leg and much 

less from leg to arm. These results suggest that standing or walking is insufficient to provide 

broad generalization during prism adaptation (Savin & Morton, 2008). Generalization across 

two different locomotor tasks has been proven, at least partially, suggesting that 

generalization is highly task-dependent (Alexander, et al., 2011). 

Visual-motor adaptation is prohibited, when visual feedback is denied and slowed, if delayed 

(Kitazawa, et al., 1995). Another way to slow down adaptation is by slowing down motor 

responses on purpose (Redding & Wallace, 2000). Adaptation process was found to be 

independent of the time spent wearing prisms but mostly dependent on the number of visual 

and motor systems interactions (Fernandez-Ruiz & Diaz, 1999). Prismatic adaptation seems 

to have different effects in healthy people than in groups with pathological pain and visual 

neglect. Adaptation to vertical yoked prisms has been proved to be rapid in healthy people 

(Huang & Ciuffreda, 2006), but not in the previously mentioned groups, where the 

phenomenon needs prolonged time periods (Sumitani, et al., 2007b). A case report on 

persisting neck pain after radical neck dissection highlighted a 30% decrease in numbness 

within a two month period and óvirtually nonexistentô pain sensation after five months of 

repeated sessions, where desensitization techniques were applied along with the use of 

prismatic glasses (Bartley, et al., 2014). The explanation of this time difference in prismatic 

adaptation is not well understood but it is speculated that an established spatial discrepancy 

between the objective and subjective midline exists at a neurological level in the pathologic 

groups, preventing the prismatic effects (Kapoor, et al., 2001). Another approach suggests 

that pain management with yoked prisms is probably sharing the same mechanisms of 

mirror-therapy to relieve phantom-limb pain by reintegrating the mismatch that exists 

between proprioception and visual perception (Ramachandran & Altschuler, 2009). Dyslexic 

and developmental coordination disorder groups also showed significant reduced time in 

prism adaptation compared to control groups (Brookes, et al., 2007). 

It has been documented that patients with left hemiparesis present a characteristic postural 

imbalance compared to patients suffering from right hemiparesis (Rode, et al., 1997). It has 

been suggested that this is due to the functionality of the right brain hemisphere, which is 

crucial for perceptual and premotor spatial processing of internal maps (Perennou, et al., 
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1997). Postural imbalance in left hemiparetic patients seems to be affected by adaptation to 

prisms base left and not by prisms base right. Results are also confirmed in a case of a left 

hemiparetic patient, whose adaptation to prisms base left was transferred to wheel-chair 

driving improvement after a single short time session which lasted for many hours (Jacquin-

Courtois, et al., 2007) and in a case of dysgraphia due to right brain damage (Rode, et al., 

2006). Thus, postural imbalance in left hemiplegic patients could be the result of distortions 

of an internal postural map (Tilikete, et al., 2001). The concept of altering the internal 

postural map is also supported by after-effects of visuo-manual adaptation on body posture 

in healthy individuals (Michel, et al., 2003). Interestingly, lateral postural after-effects were 

induced only by leftward shifting. The resulting adaptation caused a rightward bias, 

simulating a left neglect posture.   

After-effect has been proposed as the ótrueô measure of adaptation (Weiner, et al., 1983), 

although prism adaptation and after-effect are not related in a simple way. It has been shown 

that after-effect is closely related to the magnitude of adaptation and number of pointing 

attempts that took place, although the latter seems to be related to the persistence of the 

aftereffect (Fernandez-Ruiz & Diaz, 1999). Usually, reduced after-effect is present in cases 

of visuo-motor deficiencies (Morton & Bastian, 2004) suggesting and reconfirming that there 

is difference in adaptation and after-effect performance depending on the availability of visual 

information. Indeed, perceptual recalibration achieved based on visual feedback yields 

increased after-effect compared to proprioceptive-motor system performance (Clower & 

Boussaoud, 2000). After-effect can also appear exaggerated when conscious awareness of 

visual displacement is prevented (Michel, et al., 2007) or is of very low magnitude that is not 

detectable (Jakobson & Goodale, 1989). In contrast, when visual feedback is prevented the 

after-effect of the proprioceptive straight ahead seems to lasts longer, up to seven days, 

compared to the visual straight ahead which lasts up to two hours (Hatada, et al., 2006). 

2.2.2 Short-term and long-term adaptation 

In order to make use of the prismatic adaptation and after-effects in diagnostic and 

therapeutic interventions, their duration should be considered. Some of the main studies on 

the duration of prismatic adaptation are presented in Table 1. A small study for evaluating the 

effect of prismatic adaptation induced by spectacle lenses showed compensation was 

maintained for several days (Fogt & Henry, 1999). A single session of prismatic adaptation in 

a neglect patient can last for at least two hours, while in other cases it has been documented 

lasting up to several days (Farne, et al., 2002). Two sessions daily for two weeks resulted in 

improvement in a group of patients up to five weeks (Frassinetti, et al., 2002). Continuous 

sessions of two-week duration can maintain the effects for one to six months (Serino, et al., 

2007), while in one case, where daily sessions were applied for three months, improvements 

were still present after two years (Nijboer, et al., 2011). In healthy subjects duration of after-
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effects perceptual changes seems to last for a few minutes, but unfortunately this is due to 

experimental set ups that have not examined the long-term effects. 

A recent study examined the prismatic adaptation in healthy population and found that it 

lasted for at least 35 minutes with fluctuations in a limited time testing of 40 minutes meaning 

that the effects could be present even longer (Schintu, et al., 2014). 

Table 1 Summary of main studies on duration of prismatic adaptation 

In another study subjective adaptation was compared to objective sensorimotor adaptation to 

20 ȹ BD yoked prisms. In this study óshort-termô is used for describing the length of session 

for adaptation. A one-hour training session was considered as short-term. At the end of the 

session a mean objective adaptation of 51% was recorded in sensorimotor function. 

Summary of main studies on duration of prismatic adaptation 

Author, Date 
Subjects                          

(n) / study design 
Training / Duration of effect 

Fogt & Henry, 1999 
Normal / Healthy         

(n=4) / Case study 
One session / Up to 4 days 

Farne, et al., 2002 

Right Brain Damaged 

patients with neglect 

(n=13) / case-control study 

One single exposure / At 

least 24 hours 

Frassinetti, et al., 2002 

Right Brain Damaged 

patients with neglect 

(n=13) / case-control study 

Two daily sessions for two 

weeks / Up to 5 weeks 

Serino, et al., 2007 

Right Brain Damaged 

patients with neglect 

(n=21) / case-control study 

Ten daily sessions over 

two weeks / 1 to 6 months 

Nijboer, et al., 2011 

Patient with hemispatial 

neglect                        

(n=1) / case study 

Daily exposure for three 

months / Up to 2 years 

Schintu, et al., 2014 

Normal / Healthy       

(n=40) / pre to multiple 

posts design 

One session / At least 35 

minutes 
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Subjective results supported the objective results of rapid adaptation resulting in a mean 

subjective reduction of symptoms by 41.3% (Huang & Ciuffreda, 2006).   

A review of 48 studies on prism adaptation training as a treatment for neglect patients 

underlined the lack of fundamental clinical protocols that would be necessary for application 

in everyday practice (Barrett, et al., 2012). Standards of care need improvement in terms of 

identifying responsive patients, short and long term effects and prismatic amounts used. 

2.2.3 Neurological mechanisms involved in prism adaptation and after-effects 

Two mechanisms have been proposed to induce adaptation (Redding, et al., 2005). The first 

describes the recalibration of the motor system based on the visual feedback of the hand 

participating in an eye-hand coordination reference task. The second describes a 

proprioceptive-motor system based on the felt position of the hand during the reference task. 

Both systems are available and the choice for activation is based according to information 

that is available, although research on simulating unilateral neglect in normal population 

suggests that low level sensory-motor adaptations play a very important role in right 

hemispheric cognitive function for spatial processing (Michel, et al., 2003). 

Another theory suggests that adaptation does not take place unless a discrepancy between 

at least two sensory systems occurs (Kapoor, et al., 2001). Neglect performance can be due 

to perceptual-attentional ówhereô bias (Rapcsak, et al., 1989) or due to motor-intentional 

óaimingô system (Heilman, 2004; Striemer & Danckert, 2010) or both (Danckert & Ferber, 

2006). One study used prismatic adaptation to left or right shifting prisms compared to 

control plano glasses. Left-shifting prisms reduced the óaimingô bias while in the case of right-

shifting prisms and control lenses the óaimingô bias was not affected (Fortis, et al., 2011). 

These results are in agreement with selective amelioration of óaimingô bias in neglect patients 

(Striemer & Danckert, 2010) providing evidence that prism adaptation primarily affects the 

óaimingô system. 

It has been also suggested that learning motor performance is based on two different 

processes. Explicit learning, which is based on strategic knowledge and implicit learning, 

which is based on changes taking place without conscious effort. It has been shown that 

experts and novices use these processes differently during prismatic adaptation (Leukel, et 

al., 2015). 

The cerebellum is considered one of the major brain areas influencing prismatic adaptation 

since it can be viewed as a form of motor learning. Short-term and long-term visuo-motor 

learning has been extensively documented as being closely related to cerebellar function 

(Gilbert & Thach, 1977; Friston, et al., 1992; Imamizu, et al., 2000). In addition, the 

cerebellumôs role in visual directed movement (Hallett, et al., 1991) and eye-hand 
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coordination has been reported (Miall, et al., 2000). It can be considered as a mechanism for 

integrating previous motor performance and visual errors resulting from this performance. Its 

involvement in prism adaptation was suggested (Held, 1965) and confirmed in patients with 

cerebellar disorders (Kane & Thach, 1989). Similar conclusions were extracted by other 

studies, which examined different aspects of prismatic adaptation (Martin, et al., 1996a) 

(Martin, et al., 1996b). An ipsidirectional impairment of prism adaptation has been 

documented for a unilateral lesion of the anterior cerebellum (Pisella, et al., 2005).  

Prism adaptation is a complicated process involving not only the cerebellum but other brain 

areas too. During a functional imaging positron emission tomography (PET) study, brain 

areas including the left thalamus, the left temporo-occipital cortex, the left medial temporal 

cortex and the right posterior parietal cortex were recognized as participating in prism 

adaptation in a group of left neglect patients (Luaute, et al., 2006). Parts that receive output 

signals from the cerebellum like the posterior parietal cortex (PPC) (Clower, et al., 2001) and 

the ventral pre-motor cortex (Dum & Strick, 2003) play significant role. Although, a later study 

on optic ataxia argued on the necessity of posterior parietal cortex in the process by showing 

normal prismatic adaptation (Pisella, et al., 2004), its role cannot be underestimated. It has 

been suggested that since posterior parietal cortex has been proved to be involved in 

cognitive monitoring of new visuo-motor correspondences (Sugio, et al., 1999), it is likely to 

participate in some form of reorganization and spatial re-alignment between visual and 

proprioceptive parameters. As a result, it has been proposed that the cerebellum plays an 

important role in adaptive realignment, while the posterior parietal cortex is involved mainly in 

the cognitive strategic compensating of the prismatic deviation. Dysfunction in one of these 

areas could result in increased action of the other, by strategic compensation or adaptive 

realignment (Pisella, et al., 2004).  

Brain imaging in neglect patients have confirmed hypotheses involving the parieto-cerebellar 

network (Danckert, et al., 2008; Chapman, et al., 2010). Recently, involvement of parietal 

lobes in spatial remapping was investigated providing evidence that prism adaptation alters 

mainly the right parietal lobe. Spatial remapping is the construction of a stable perception of 

a visual environment even when this is continuously changing and results indicated 

improvement in patients with neglect symptoms and neglect-like performance in healthy 

population (Bultitude, et al., 2013). This is in agreement with research proposing that yoked 

prisms affect the internal map for space and body representations (Tilikete, et al., 2001). In 

addition, it has been suggested that prism adaptation may magnify or shift the part of space 

represented in the spared cortical hemisphere by creating a different distribution of spatial 

representation between hemispheres (Redding & Wallace, 2006). Thus, prismatic effects 

should not be considered as a passive tool for altering sensory information but as a dynamic 
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tool involved in the sensorimotor process and related to multisensory integration and space 

representation (Rossetti, et al., 1998). 

By using event-related functional magnetic resonance imaging (fMRI) researchers have been 

able to study brain activity before, during and after prism exposure, allowing for parametric 

analyses. During early prism exposure where error detection needs to be accomplished, the 

anterior intraparietal sulcus plays an important role. This areaôs activation has been 

documented clearly in an event-related fMRI study during visuo-manual adaptation 

(Danckert, et al., 2008). At a later phase, where error correction emerges, the parieto-

occipital sulcus is involved. As spatial realignment is introduced activity in the cerebellum 

increases progressively suggesting promotion of neural activity in the temporal cortex which 

is activated during the late phase of adaptation related to spatial representation (Luaute, et 

al., 2009). Recently, research using fMRI on seven patients with left neglect indicated 

enhanced activity in bilateral parietal, frontal and occipital areas during line bisection and 

visual search tasks. These findings suggest that prism adaptation activates bilateral neural 

networks involved in spatial attention and awareness thus counteracting right hemisphere 

damage (Figure 5) (Saj, et al., 2013). 
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Figure 5 Brain activation during three different tasks in young adults and neglect patients 

before and after prism adaptation. Lesioned cortical regions are marked in dark gray shades. 

Light colours indicate brain regions activated relative to baseline activity (from Saj, et al., 

2013).   

2.3 Parameters influencing posture and postural sway 

The ability to maintain a stable posture is based on visual, vestibular, and proprioceptive 

information. It has been documented that in healthy subjects standing on a firm base, 

posture is based on 70% somatosensory inputs while the vestibular system involves 20% 

and vision only 10% (Peterka, 2002). Any environmental change can alter these relative 

contributions and so does age (Poulain & Giraudet, 2007). Although the value of each 

system can be considered separately, it is the integration of the systems that seems to be 

the key in understanding more holistically the dynamics of posture. All three systems provide 

ample spatial information used in specification of postural state (Wade & Jones, 1997). In 

fact, the central nervous system might actively suppress visual information that is 

inconsistent with input from other sensory systems involved in postural control (Buchanan & 

Horak, 1987). Reflexive actions that co-ordinate body parts in order to keep an essential 
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upright posture are called postural righting reflexes. Postural righting reflexes that are based 

on these systems include visual righting reflexes, labyrinthine righting reflexes, neck righting 

reflexes, body-on-head righting reflexes and body-on-body righting reflexes (Morningstar, et 

al., 2005). Since the action-perception circuit is important for the human interaction with the 

environment, it has been proposed that an important role of postural control is to provide a 

stable frame of reference for sensory and motor systems (Stoffregen & Riccio, 1990).  

A frequently used method that has been applied for measuring the effect of visual stimuli in 

posture has been the measurement of the centre of foot pressure (CoP) (Benda, et al., 

1994). It is generally accepted that CoP is related to body sway and reduced sway can be 

translated to increased stability, thus to better posture performance, although it has been 

suggested that people do not always attempt to minimize postural sway (Stoffregen, et al., 

2000). The amplitude of postural sway can be regulated according to the visual task, despite 

the fixation distance, which is in contrast with earlier theories supporting the notion that goals 

beyond posture maintenance have no role in synthesis of postural control (Schoner, 1991). 

2.3.1 The role of peripheral and central vision in posture 

Vision provides a huge amount of information to the person concerning self-motion and 

environmental conditions, often overriding other sensorial information. óFocalô and óambientô 

vision processes have been used to differentiate functional characteristics of visual 

performance (Wade & Jones, 1997). Although these two terms have not been used 

extensively in optometric literature, they are interestingly descriptive and useful when 

explaining functional aspects of visual perception and they have been often adopted by 

behavioural and developmental optometrists. Focal vision is the detection of physical 

characteristics, patterns and parts of our environment, while ambient vision is referred to 

spatial and motional characteristics of the surrounding (Gibson, 1979). Focal vision emerges 

mainly from central visual field, while ambient vision is mediated mainly from the peripheral 

field (Padula, 2012). 

In functional terms, focal vision answers to ówhat is itô while ambient vision to ówhere is itô. 

This approach could be considered as parallel to óparvoô and ómagnoô visual pathways that 

neurosciences have identified as attempting to answer these two questions. Although parvo 

derives mostly information from the central visual field and magno from the peripheral visual 

field, we must recognize that they are not limited to those areas. The visual field areas for 

deriving information for each system actually overlap (Yoonessi & Yoonessi, 2011). 

Researchers have investigated the potential relationships of focal and ambient vision with 

postural control by considering peripheral vision as dominant (Amblard & Carblanc, 1980; 

Brandt, et al., 1973) or peripheral and central as equally important (Bardy, et al., 1999; 

Piponnier, et al., 2009) or the complementary role of each other (Nougier, et al., 1998). 
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Results are contradictory and a possible reason for this could be the different field limitations 

given to the central and peripheral areas. For example, one study defines central field up to 

10Á (Nougier, et al., 1998), while another defines it up to 60Á (Brandt, et al., 1973). From an 

anatomical point of view central vision could be defined up to 4Á or 7Á based on the cone 

distribution on the retina or the visual field projecting to the area of the visual cortex 

responsible to process central vision accordingly (Berencsi, et al., 2005).  

Early studies found that body sway was two to three times larger, when eyes were closed 

compared to open (Edwards, 1946). Loss of the peripheral vision in patients with pathologic 

conditions, such as glaucoma and retinitis pigmentosa, has been determined as having 

significant effects on mobility performance and gait distribution, compared to age-matched 

normal subjects (Diniz-Filho, et al., 2015; Turano, et al., 1999; Geruschat & Turano, 2007; 

Black, et al., 1997). Increased body sway has been also reported in blind or low vision 

patients with Usherôs syndrome (Pyykko, et al., 1991). When central vision was altered by 

simulating hyperopic conditions at a level of 20/200 (6/60), posture resulted in loss of stability 

(Friedrich, et al., 2008). 

Another study indicated contrast sensitivity as more affective on posture rather than visual 

acuity (Lord & Menz, 2000). Planning gait adaptation is considered to be centrally 

dependent, while fine tuning of adaptive gait is considered to be peripherally dependent 

(Graci, et al., 2010). Peripheral vision seems to contribute significantly to the control of quiet 

standing as proven by smaller body sway (Berencsi, et al., 2005). These results are in 

agreement with previous experiments showing that use of visual information in general, 

during quiet standing, supports posture stability (Mitra, 2004). In contrast, when dynamic 

environmental visual stimulation is used during the experiments, like optic flow (Habak, et al., 

2002) or a moving room (Warren & Kurtz, 1992), vision seems to react as attempting to 

counterbalance the continuously changing surrounding. This fact results in increasing body 

sway indicating that vision affects posture. Peripheral vision has been documented as more 

sensitive to forward-backward optic flow than right left motion (Stoffregen, et al., 1987). The 

body is trying to move towards homeostasis in an illusionary environment, as an attempt to 

regulate stability, proving that in quiet and dynamic conditions vision plays an important role. 

2.3.2 The role of ecological optics in posture 

The ecological approach to visual perception (Gibson, 1979), challenges the classical focal-

ambient model in many aspects that could affect body posture. As we move in space or as 

environment moves around us, the optic flow at the extreme periphery of our visual field is 

almost parallel to the direction of motion. This flow has been termed ólamellar flowô in contrast 

to óradial flowô emerging from the centre of our visual field (Stoffregen, 1985). As a result, 

visual information used for the control of posture depends also on the geometric form of the 
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field that creates visual flow. This model suggests that postural control and motion perception 

are not based solely on central and peripheral sensitivity, but also on structure of the optical 

flow field which can be lamellar or radial (Stoffregen, 1985). Even small changes in the optic 

flow during a relatively upright posture can induce compensatory sway (Lee & Lishman, 

1975). Experiments have shown that peripheral perception affects body posture more when 

stimulation is of lamellar form and less when it is radially structured (Koenderink & van 

Doorn, 1981). It has been also suggested that changes in environmental dynamics result in 

postural changes (Riccio & Stoffregen, 1991). 

More recent research has confirmed the value of optic flow and motion parallax with virtual 

reality displays showing that, by removing those clues, posture was not stabilized by vision 

(Kelly, et al., 2008). On the other hand, optic flow has been previously argued by the same 

group as the only visual stimulus to control posture, demonstrated with the presence or not of 

3D stimuli in controlled optical flow conditions (Kelly, et al., 2005). It is also obvious that 

distance plays an important role in detecting retinal slips of our environment since precision 

is limited when viewing from a far distance. These changes could probably also take place 

when yoked prisms are applied, changing field curvature resulting in more lamellar or radial 

optic flow. 

2.3.3 The role of binocular vision in posture 

The importance of binocular vision is still not clear and remains debatable. It has been 

suggested that there is a preferred eye, the so-called ópostural eyeô, providing better 

performance in posture control. Experiments were done under monocular conditions and the 

dominant eye was recorded. It is interesting that the postural eye was not necessarily the 

dominant eye (Gentaz, 1988). The most obvious effect of binocular vision on posture has 

been documented in studies measuring body sway in strabismic compared to normal 

subjects. The strabismic group showed decreased stability even in cases, where visual 

acuity was normal in both eyes (Odenrick, et al., 1984). A study on strabismic participants 

showed increased body sway compared to a control group with normal binocular vision. It is 

interesting that researchers in that study included additional measurements during mental 

tasks in order to evaluate any further decrease in performance. The results showed no 

further reduction in stability but an increase close to the level of the control group, leading 

authors to the conclusion that reduced stability in the strabismic group was not due to lack of 

binocularity but probably related to poor proprioceptive oculomotor signals (Przekoracka-

Krawczyk, et al., 2014), suggesting also that vision therapy and/or surgery could be of 

benefit. In fact, a study on postural control before and after strabismus surgery revealed that 

postural stability improved after successful surgical intervention, underlining that binocular 

visual perception and influences on extraocular muscles have been beneficial (Legrand, et 

al., 2011), even though body sway was increased immediately after the surgery (Matsuo, et 
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al., 2006). In addition, changes in the direction and frequency of body sway were recorded 

before and after surgery. Increased antero-posterior oscillations of low frequency before 

surgery were transformed to increased medio-lateral oscillations of middle and high 

frequency after surgery (Legrand, et al., 2011). Body sway changes and postural stability in 

strabismic subjects seem to be dependent also on the type of correction. Correcting 

intermittent and constant exotropes with the appropriate prisms resulted in reduced 

performance due to visual, motor and perceptual changes with prismatic adaptation taking 

place one hour after the initial application (Matsuo, et al., 2010). On the other hand, 

strabismus-like induced conditions with application of a small vertical prism in front of one 

eye showed complex effects by increasing or decreasing postural stability depending on the 

eye wearing the prism and the viewing distance (Matheron, et al., 2007). Viewing distance is 

an important factor related to the type of strabismus as assessed in quite recent research the 

results of which indicated that postural stability was enhanced in proximal distance for 

convergent strabismus and distal for divergent strabismus (Gaertner, et al., 2013a).  

Binocular vision has been shown to provide a postural advantage in a children population 

based study compared to those suffering from vertigo, due to vergences fusional dysfunction 

(Bucci, et al., 2009). Interestingly, the advantage of binocular stimulation, even in lack of 

fusion, has been highlighted in a study that showed increased stability with eyes open, 

compared to monocular viewing with dominant or non-dominant eye, despite the viewing 

distance or type of strabismus (Gaertner, et al., 2013b), although earlier studies had failed to 

find this relation (Fox, 1990; Isolato, et al., 2004; Le & Kapoula, 2006). Postural stability has 

been investigated in binocular, monocular eye-dominant conditions and in absence of visual 

information in a dark environment. Results indicated that stability was increased in binocular 

compared to monocular conditions, but the effect was also present in a dark environment 

(Fox, 1990). In contrast, other studies failed to find any differences with eyes closed or open 

in the dark (Paulus, et al., 1984). A later study examined stability with eyes open, dominant 

eye open, non-dominant eye open and both eyes closed. Results showed that at an 

individual level, binocular vision increased stability in only half of the participants supporting 

the concept of ópostural eyeô, while at a group level monocular and binocular conditions 

provided equally good stability in normal subjects (Isolato, et al., 2004). Similar results were 

obtained in another study highlighting the differences at an individual level (Guerraz, et al., 

2000). It is still not clear, why only some individuals perform better in binocular than in 

monocular conditions especially since it cannot be attributed to visual input. Unfortunately, 

stereopsis measurements were not mentioned in those studies, thus underestimating the 

potential effect of 3D vision which has been proposed as an additional clue for posture 

stabilization (Kelly, et al., 2005). 
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The effect of gaze position and convergence has also been studied. A decrease in the 

surface of CoP has been documented, when gaze was oriented 15Á above or below eye level 

at distance but this difference in performance was not present when looking at near where all 

positions of gaze induced the same limitation in the centre of pressure compared to distant 

viewing in primary gaze. In addition, distance viewing through prisms moved convergence to 

locate at 40 cm when the effect of pure convergence on posture was investigated. Again, 

prism induced convergence resulted in the same sway decrease as in natural converging 

conditions (Kapoula & Le, 2006). This is also supported by the fact that distance is an 

effective factor but only under binocular conditions (Le & Kapoula, 2006). It is possible that 

other mechanisms like proprioception or tonicity of extraocular muscles support or enhance 

this performance. 

2.3.4 The role of proprioceptive, somatosensory and vestibular systems in posture  

Focusing above or below eye level has been documented to reduce body sway (Kapoula & 

Le, 2006; Ustinova & Perkins, 2011). Early studies have suggested the role of extraocular 

muscles proprioception in balance and control of posture (Ushio, et al., 1980; Eber, et al., 

1984) and their effect on altering tonicity of the neck muscles through a chain of brain-stem 

reflexes (Corneil, et al., 2004). The proposed neural circuit initiates at the proprioceptive 

afferents of the extraocular muscles situated in the trigeminal nerve and project to 

cerebellum, reticular formation and vestibular nuclei, which in turn are connected to spinal 

motor neurons and extraocular efferents. Proprioceptive signals may also project centrally 

through the ocular motor nerves (Gentle & Ruskell, 1997).  

Head and neck position along with gaze direction are relevant to postural responses in 

standing and walking conditions (Ivanenko, et al., 1999). This fact proposes a model of a 

head-eyes frame of reference for controlling posture. Studies have underlined the importance 

of head stability in the critical process of locomotion (Grossman, et al., 1989) and body 

posture (Riach & Starkes, 1989). Activation of the neck muscles is necessary for cervical 

spine, visual and vestibular systems stability (Falla, et al., 2004). Stimulation of the neck 

muscles has been shown to result in an illusory predictive movement, which is related to the 

specific muscle (Roll, et al., 1991). When vibrations were applied to sternocleidomastoids a 

slow upwards displacement of the target was perceived, while a downwards displacement 

occurred, when trapezius and splenius muscles were stimulated. Although, vestibular system 

is important for orienting head in space, it is impossible for the semicircular canals or otoliths 

to inform the brain of the head angle relative to body without neck proprioception (Cohen, 

1961). 

In addition, there are muscular synergies between extraocular muscles, neck, trunk and 

lower limbs. There is evidence that head flexion or extension deteriorates postural stability 
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(Buckley, et al., 2005). Although at first sight this effect seems closely related to the 

vestibular function, it has been proposed that muscle-spindle proprioceptive inputs might 

create a sequence of signals starting from the feet towards the eyes in order to provide an 

internal representation of the body posture (Roll & Roll, 1988). The upright posture provides 

the most efficient alignment for the maximal integration of all sensory systems. Studies on 

Golgi tendons and muscle spindles indicate that proprioceptive information is the root for the 

postural maintenance (Young, 2004). The discovery of graviceptors in the trunk is important 

since they seem to contribute equally with otoliths in the eye, neck and limbs posture 

(Mittelstaedt, 1999). 

The vestibular system is considered a major component of the informative system that 

regulates balance and orientation (Creath, et al., 2002). It consists of three semicircular 

canals, the utricle and the saccule. The role of the semicircular canals is to inform us about 

rotational acceleration. Each canal is located in a different plane for detecting different 

directional changes. The utricle and the saccule incorporate otoliths responding to gravity 

and linear acceleration of back-forth, up-down and side to side directions (Magrun, 2012). 

The vestibular nerve carries input from the utricle and saccule to the lateral vestibular 

nucleus which also receives signals from the cerebellum and optic tract. Vestibular nuclei 

then project to the thalamus, the superior colliculus, the reticular formation, the cerebellar 

flocculus and the lower vestibulospinal nuclei. The visual and the vestibular systems share 

much information through continuous interactions at a reflexive level. The visual system can 

initiate feedforward signals regulating vestibular system and vice versa. 

2.3.5 Visual, vestibular and cervical interactions for postural control 

There are eight reflexes including feedforward and feedback mechanisms between the eyes, 

the neck and the vestibular systems which are task related effecting interaction and 

integration (Moore, 2001). Among the most important to postural control are the vestibular 

ocular reflex (VOR) (Raphan & Cohen, 2002), the vestibular-spinal tract (Buttner-Ennever, 

1999), and the dorsal and ventral spinocerebellar tracts (Bosco & Poppele, 2003). The VOR 

is important for maintaining a fixed gaze on an object by inducing proper compensatory eye 

movements to head rotations or accelerations. It can be further subdivided to the rotational 

vestibular ocular reflex which detects head rotations through the semicircular canals, the 

translational vestibular ocular reflex which detects linear acceleration through utricle and 

saccule, and the ocular counter-rolling response which regulates eye rotations during head 

tilt or rotation (Goldberg & Hudspeth, 2000). However, we constantly change fixation so VOR 

must be released in order to attend another stimuli (Buchanan & Horak, 1987). The 

vestibular spinal tracts can be considered as the efferent pathway of the vestibular ocular 

reflex that modulates neural activity for rapid postural adaptations. It is controlled by the 

cerebellum where visual, vestibular and cervical mechanoreceptive information are 
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interpreted and compensatory reactions travel through these tracts. It originates in the lateral 

and medial vestibular nuclei with its tracts allowing for changes in trunk and extremities 

during sudden perturbations in static posture (Goldberg & Hudspeth, 2000). Dorsal and 

ventral spinocerebellar tracts are afferent pathways carrying information from the lower 

extremity to the cerebellum. This is termed pelvo-ocular reflex and serves to orient the body 

relative to head position and visual clues (Lewit, 1985). Signals from joints, skin, muscles 

spindle and Golgi tendons are connected to spinal interneurons through the afferent and the 

efferent spinal pathways. From the spinal interneurons emerge the spinocerebellar tracts, 

which will finally effect the visual-vestibular interaction (Bosco & Poppele, 2003). 

There are also three connections serving postural control between visual and vestibular 

systems and cervical spine. Their actions are reflexive, supporting mainly vestibular ocular 

reflex or compensating for its function in case of vestibular loss of information and they all 

arise from receptors in the cervical spine (Chambers, et al., 1985; Bronstein & Hood, 1986). 

The cervico-ocular reflex serves to direct eye movements to changes in neck and trunk 

position. It is interesting that cervico-ocular reflex seems to increase response with 

application of plus lenses inducing magnification and decrease response with application of 

minus lenses inducing minification (Heimbrand, et al., 1996). Although cervico-ocular reflex is 

important for assisting posture in patients with vestibular dysfunctions, its importance is 

debatable in healthy subjects (Schubert, et al., 2004). The cervicocollic reflex serves to direct 

the position of head and neck relative to trunk and it is in close coordination with the 

vestibulocollic reflex, providing advanced sensitivity in changes on the vertical and horizontal 

plane respectively (Peterson, et al., 2001).  

Other postural reflexes that contribute to homeostasis of a relaxed posture are skin and 

surface receptors on the extremities (Inglis, et al., 2002), somatic graviceptors within the 

viscera (Jarchow, et al., 2003), and baroreceptors within the circulatory system (McIntrye, et 

al., 2004). Despite the interactions and interconnections that have been mentioned it is 

important to note that visual input is of major significance independently from the 

gravitational force that affects vestibular and somatosensory systems. A study on astronauts 

during space flight showed a pronounced lean of the trunk forward with eyes closed 

compared to eyes open (Baroni, et al., 1999). 

2.4 Critical concepts in visual midline and egocentric localisation 

The information about the bodyôs localisation in space in order to execute a coordinated 

directed movement is termed as óegocentric localisationô, while the information about relative 

positions of objects to each other is termed óallocentric localisationô and are based on various 

sensory inputs. Numerous different techniques have been proposed over the years for 

measuring egocentric and allocentric localisation based on different reference frames 
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(Houston, 2010). The óproprioceptiveô hand-head frame and the óvisualô eye-head-centred 

frame are the most commonly used in eye-hand coordination researches.  

It is suggested that representation of space may be related to more than one co-ordinate 

system (Bisiach, et al., 1985). Since egocentric localisation is based on various sensory 

inputs there are three different conditions that have been proposed for examining the 

perceived midline in normal or neurologically challenged subjects (Table 2). The first, the 

óproprioceptiveô hand-head midline, has been recognized many decades ago by the 

researchers and has been extensively used in studies by preventing any visual stimuli. As a 

result the subject is supposed to subjectively point straight ahead based mainly on 

proprioceptive clues (Hatada, et al., 2006). Normal subjects present a tendency to point 

slightly to the left of the centre while subjects with right parietal lesions present a tendency to 

the right of the centre (Sarri, et al., 2008). Another study on left brain damaged patients 

indicated a leftward tendency in pointing (Chokron & Bartolomeo, 2000). 

The second, the óvisualô eye-head midline, is predominantly visual in nature and request 

mentioning, for example, in cases where the subject has to detect the exact moment that a 

moving target is close to the perceived midline. Limiting information from proprioception of 

the extraocular and neck muscles is an important factor possessing the significance of the 

targetôs velocity. If the targetôs movement is too slow then proprioception may influence 

results. The testing environment should be empty of visual clues that could induce an 

artificial reference frame (Kapoor, et al., 2001) and this is probably one of the major 

parameters not properly applied in clinical settings. This method is well known among 

clinician specialized in visual rehabilitation and neuro-optometric fields. Patients with right 

brain lesions accompanied by left hemiparesis show a rightward shift tendency (Padula & 

Argyris, 1996), while right brain damaged patients with left inattention perform different when 

the target approaches from the right or left side (Farne, et al., 1998). Results can be reversed 

when testing post-acute stroke patients showing rightward tendency in 77% of the left brain 

damaged patients and leftward tendency in 79% of the right brain damaged group (Padula & 

Argyris, 1996). 

The third component is the visual óopen loopô which prohibits eye contact with the hand 

pointing a visual target. Spatial boards or space boards have been used for decades mainly 

by behavioural optometrists providing insights into midline perception with low cost (Valenti, 

1996). Visual óopen loopô pointing can be considered as the connecting link between the 

previous two components (Wilkinson, 1971) showing normal responses in right brain 

damaged patients (Sarri, et al., 2008). Even though it is extensively used in research studies 

it is better not to be considered as the sole method for evaluating egocentric localisation and 
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midline perception because it has been shown to be contaminated by sensorimotor learning 

strategies (Redding & Wallace, 1993).  

 

 óProprioceptiveô  

Hand ï Head Midline 

óVisualô                   

Eye ï Head Midline 

Visual óOpen Loopô 

Midline 

Hand proprioception V U V 

Head proprioception V V V 

Vision U V V 

Table 2 Three frames of reference that affect egocentric localization, emerging from the 

integration of different sensory information. Red rings show the integrated sensory 

information. Note that in the Visual óOpen Loopô condition all three sensory information are 

available but partially integrated, with head proprioception as the joint parameter. 

The perceived midline has been shown to be influenced by induced experimental pain 

towards the side of the pain, while application of vibration stimulation shifts midline to the 

opposite direction (Bouffard, et al., 2013). Thus, results suggest that perceived midline can 

be affected by various stimuli and in relation to the type of stimulation, probably as a part of 

reflexive protective mechanism. 
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CHAPTER 3 ï Introduction to the experiments 

3.1 Aims of the research 

An extended review on the use of yoked prisms was covered in the previous chapter along 

with the mechanisms involved in prismatic adaptation. In addition, a literature review on 

multi-sensory and visual factors affecting body posture and egocentric localisation was 

conducted in order to provide the base upon which the rationale of this research is based. 

The primary aim of this study is to investigate the direct, immediate effect of lateral and 

vertical yoked prisms on body posture, perception and egocentric localisation before any 

prismatic adaptation takes place. Previous researchers have investigated these effects 

mainly as results of prismatic adaptation while in many cases it is not clear if adaptation was 

enhanced or prevented. It is important to understand the initial effects that lenses have on 

human behaviour before any interaction alter perceptual and cognitive performance. This 

could provide a better insight as to what is primarily affected that sets the ground for the 

adaptation to take place. Adaptation can be influenced by the conditions, underlying 

pathology and cognitive strategies used by subjects thus providing different expressions of 

its nature. This is the main reason for studying the initial effects before any prismatic 

adaptation takes place.      

A secondary aim of this study is to investigate any correlations between the perceptual and 

postural expressions of the prismatic effects. Any postural alterations could be the reflection 

of what is spatially or egocentrically perceived or vice versa. If yoked prisms have a 

significant effect on posture but not on perception, then it can be suggested that alterations in 

perception are the results of prismatic adaptation. If yoked prisms have a significant effect on 

perception but not on posture, then it can be suggested that alterations in posture are the 

results of prismatic adaptation. If yoked prisms have a significant effect on perception and 

posture, then it can be suggested that alterations do not need prismatic adaptation to take 

place.  

A third aim of this study is to highlight any potential clinical applications of yoked prisms in 

the rehabilitative or preventative eye care fields. If body posture and spatial perception 

seems to be altered in a predictive way, then application of yoked prisms may be helpful in a 

series of acts in rehabilitative care. Although, the use of prisms has been suggested in low 

vision patients, their application is not always in a binocular yoked form. Patients with 

congenital or acquired neuro-muscular dysfunctions and patients experiencing neglect or 

spatial perception dysfunctions after a stroke could benefit from the application of yoked 

prisms. 
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Apart from the pathological groups, healthy subjects could also benefit in terms of 

preventative care. The extended use of computers, tablets and cell phones enhance óforward 

head syndromeô resulting in neck and back problems (Edmondston, et al., 2008) and other 

postural asymmetries resulting in orthopedic dysfunctions. In these cases, the application of 

yoked prisms could assist in sustaining an appropriate body posture. Yoked prisms are also 

incorporated in the designs of all progressive addition lenses, so a deeper understanding of 

their postural and perceptual effects could benefit industry in designing lenses of increased 

performance.  Although yoked prisms have been used by other disciplines in their research 

areas, prescription is up to optometry. Any clinical application could become a bridge for 

optometry to multi-disciplinary health care. The following chapters describe the experiments 

for evaluating the effect of yoked prisms on barycenter, body posture, spatial perception and 

egocentric localisation. 

3.2 Ethics and exclusion / inclusion criteria 

The study was approved by the Aston University Sciences Ethics Committee on 14th 

November 2012 ï PhD Ethics application 379 and conducted in researcherôs optometric 

practice. All participants in this study were provided with an informational sheet and signed a 

consent form in Greek and English. 

All participants were healthy adults and exclusion criteria included any history of ocular, 

vestibular, neurological or orthopedic pathology that could affect stability or induce 

discomfort, and any strabismus or nystagmus history. Participants were also asked about 

any medication that they have taken during the last 15 days. Inclusion criteria were at least 

6/6 uncorrected or corrected with contact lenses acuity with each eye. 
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CHAPTER 4 ï Experiment 1: Effects of yoked prisms on posturography and 

barycentre 

In the previous chapter an extended literature review was conducted on the use of yoked 

prisms in different clinical and research areas. The underlying mechanisms and the 

supporting theories for prismatic adaptation and after-effects were also reviewed along with 

the parameters affecting body posture and egocentric localisation. Previous studies have 

investigated these effects mainly as results of prismatic adaptation while in many cases it is 

not clear if adaptation was enhanced or prevented. In this experiment prismatic adaptation 

was prevented and immediate prismatic effects on body posture were recorded in terms of 

weight distribution and centre of pressure during posturography. 

4.1 Introduction 

The majority of previous studies for investigating body responses to yoked prisms using 

posturography have been conducted in subjects with neurological conditions or sensory-

motor dysfunctions (Johannsen, et al., 2006) and much less in normal population (Gizzi, et 

al., 1997). The time frames of exposure to yoked prisms are usually not mentioned in 

previous studies, so there are no clues as to how long subjects were exposed to prismatic 

effects. Most importantly, it is not mentioned whether subjects were engaged in any activities 

that could have enhanced prismatic adaptation. 

The objective of this experiment was to investigate the effects of yoked prisms on the 

barycenter in a normal population during standing. Specific attention was given in preventing 

any prismatic adaptation during the experiment.  

4.2 Method 

4.2.1 Participants 

Concerning experiment 1, given an effect size of 0.25 and a power level set at 0.95 (for a 

level of error of type I set at 0.05) the minimum required size for repeated measures ANOVA 

was 45. In this experiment 50 participants were included. Thirty-three (66%) were women. 

Regarding age, the mean age of the 50 participants was 36.14 years and the standard 

deviation (SD) was Ñ9.69. The minimum and maximum ages of the participants of the 

sample were 20 and 58.08 years respectively. All subjects were recruited from population 

that visited the optometric practice for a regular examination and sustained the criteria for 

participating in the study. 

Variables concerning refractive status of monocular and binocular conditions were analyzed. 

The refractive status of the participants was as follows: The mean value of the right eye 

(RefractionRE), was -0.99 D and the SD was Ñ2.00 D. Minimum and maximum values were -

7.37 D and +0.75 D respectively. The mean value of the left eye (RefractionLE) was -0.92 D 
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and the SD was Ñ1.92 D. Minimum and maximum values were -7.87 D and +1.00 D 

respectively. The mean value of both eyes (RefractionBE) was -0.95 D and the SD was 

Ñ1.95 D. Minimum and maximum values were -7.62 D and +0.87 D respectively (Table 3) 

 

Table 3 Age, monocular and binocular refraction (Experiment 1) 

4.2.2 Materials 

The posturography platform of Comex SA (Loran Engineering Ltd., Via Bruno Buozzi, 40013, 

Bologna, Italy) was used functioning in a recording frequency of 50 Hz. Posturographic 

platforms are equipped with a layer sensitive to pressure. When a subject steps on it can 

record the different amounts of pressure applied to the layer, point by point, under each foot 

separately and transfer these data to the computer. The software used was Foot Checker 4 

(Loran Engineering Ltd., Via Bruno Buozzi, 40013, Bologna, Italy) for measuring mean 

pressure percentages and sway area. 

Three pairs of glasses were used. One pair had no prisms incorporated while the other pairs 

incorporated 8 ȹ yoked prisms with the orientations of the prism bases placed either base up 

(BU) or base left (BL). All pairs were mounted in strap-on wide frames (Bernell Co, 4016, N. 

Home street, Mishawaka, IN 46545, USA) so they were easily adjusted. Previous studies 

have used yoked prisms between 5 ȹ and 40 ȹ. The amount of 8 ȹ was selected as the one 

close to the maximum amount that usually can be incorporated in a prescription by 

ophthalmic lens manufacturers. 

4.2.3 Procedure 

Subjects were asked to choose randomly between three colours (red, blue, green) 

representing a pair of flat yoked prisms 8 ȹ BU, a pair of flat yoked prisms 8 ȹ BL and a pair 

of plano lenses not incorporating any prisms respectively.  

The platform was connected to a laptop where the appropriate software analyzed the 

standing performance. The software provided a topographic pressure map of both feet for a 

specific time period. Since recording is not momentary the program can also provide 

information about shifts in the centre of pressure (CoP), which can be related to the sway 

 

 N Range Minimum Maximum Mean Std. 

Deviation 

Variance 

Statistic Statistic Statistic Statistic Statistic Std. 

Error 

Statistic Statistic 

Age 50 38.08 20.00 58.08 36.1486 1.37112 9.69528 93.998 

RefractionRE 50 8.125 -7.375 .750 -.99000 .284189 2.009518 4.038 

RefractionLE 50 8.875 -7.875 1.000 -.92000 .271658 1.920911 3.690 

RefractionBE 50 8.500 -7.625 .875 -.95502 .277092 1.959336 3.839 
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performance of the standing posture. Mean pressure percentages were analyzed in 

quadrants representing the anterior and posterior part of each foot (Figure 6). The 

topography of each foot is presented in colour according to the pressure each area receives. 

Warm colours indicate increased pressure while cool colours indicate reduced pressure. In 

Figure 6 there is a screenshot showing the softwareôs display, supplementary explanations 

are given in colourful text corresponding to the relative colourful ellipses. The bodyôs 

barycentre was measured in the lateral and anterior-posterior axis in millimetres providing 

the maximum range of sway to the left, right, front and back (Figure 7). In this screenshot 

showing the softwareôs display supplementary comments indicate the areas where data 

about the lateral, anterior-posterior and total maximum shift of the bodyôs barycentre are 

shown. Two separate graphs show lateral and anterior-posterior shifts in barycentre during 

the recording time frame. Each graph presents continuous shifts of the left and right foot 

separately with red and blue lines respectively. The green lines show the resulting bodyôs 

barycentre shift, which is also presented on the top part of the screen as an emerging ellipse 

and can be considered as an expression of body sway. 

 

Figure 6 Foot Checker 4 display of mean pressure percentages. Percentages appearing on 

the four corners of the square represent the mean pressure of the anterior and posterior 

parts of the right and left foot. The diagram on the right duplicates the same data but also 
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provide the summation of the anterior and posterior parts for each foot and the summation of 

anterior and posterior parts for both feet. 

 

Figure 7 Foot Checker 4 display of the lateral and anterior-posterior maximum barycenterôs 

shift 

Subjects were asked to step barefoot on to the posturography platform and stand still in a 

natural and relaxed position viewing a single 6/9 letter at the distance of 3 m (Figure 8). 

Participants were asked to try to keep fixating on this single letter during the whole procedure 

and to avoid looking at extreme gaze positions. After one minute the first pair of prisms 

chosen randomly by the subject earlier was applied and after an additional minute the first 

recording took place for 20 seconds. Then the first pair was removed and a two-minute break 

was intervened before applying the second pair of prisms. During this period only small foot 

or body readjustments that would ensure a relaxed position were allowed and subjects 

remained on the platform. Application of the second pair was followed by a one-minute 

period and a new recording for 20 seconds was taken. The experiment ended after the third 

pair was applied following the same steps of two-minute break, one-minute wait with the new 

pair and the last 20-seconds recording. 
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Figure 8 Subject standing on the posturography platform (photograph authorôs own) 

4.2.4 Statistical analysis 

Statistical analysis was conducted with SPSS statistical software (Version 20, SPSS Inc., an 

IBM Company, Chicago, Illinois, USA). The Shapiro-Wilk test was used in order to test 

whether variables are normally distributed. For p-values < 0.05 we must reject the null 

hypothesis of normality. One-way repeated ANOVA is suitable because the participants 

tested under three conditions (Plano, BU, BL) where the same persons. In case that the 

normality hypothesis was violated, both repeated measures ANOVA test and its non-

parametric version, Friedman test (Table 6, columns (15) to (16)), were conducted, but all 

findings were discussed according to Friedmanôs test where medians are compared instead 

of means. Itôs worth mentioning though that the repeated measures ANOVA test is robust to 

violations of normality. 

In the cases where the repeated measures ANOVA test has been used, it is conducted first a 

Mauchlyôs test of Sphericity (Table 6, columns (3) to (6)) in order to determine whether the 

variances of the differences between all combinations of levels of the within-subjects factor 

are equal. If p-value < 0.05 (Table 6, column (6)) which means that the sphericity assumption 

has been violated, an epsilon correction is performed using Greenhouse-Geisser and Huynh-
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Feldt estimates (Table 6, columns (7) to (8)). So, if the minimum of these two values is below 

0.75 the repeated measures ANOVA test is performed using a Greenhouse-Geisser 

correction otherwise a Huynh-Feldt correction is used (Table 6, column (9)). If p-value < 0.05,  

(Table 6, column (13)), the null hypothesis stating that the means between levels are equal 

has to be rejected.  

In the cases where the Friedman test has been used, the null hypothesis is rejected if p-

value < 0.05 (Table 6, column (16)). 

ANOVA or Friedman (when the assumption of normality is violated) post hoc tests need to be 

performed in order to determine which groups differ in mean or median. Using SPSS 20, in 

case of ANOVA post hoc tests, multiple paired-samples t-test with Bonferroni adjustment are 

conducted, while in case of Friedman post hoc tests, pairwise comparisons are conducted 

using the Wilcoxon signed-rank test with a Bonferroni correction for multiple comparisons. If 

p-value < 0.05 (column ósigô in case of ANOVA tests of column óAdj.Sigô in case of Friedman 

tests) then the difference in means or medians between the two groups, for each pair of 

groups stated, is statistically significant (see column óMean Differenceô (I-J) for ANOVA test 

or column óSample1-Sample2ô for Friedman test). 

4.3 Results 

All descriptive characteristics of the parameters that were analysed are presented below in 

Table 4.  

Variable Name Mean Median Std. Deviation Minimum Maximum 

WD_x_LF_Plano 49.7840 48.6500 4.64619 41.30 58.80 

WD_x_LF_BU 49.6020 49.4500 4.84522 39.10 59.40 

WD_x_LF_BL 49.3720 49.0000 4.75476 37.90 58.10 

WD_x_RF_Plano 50.2160 51.3500 4.64619 41.20 58.70 

WD_x_RF_BU 50.3980 50.5500 4.84522 40.60 60.90 

WD_x_RF_BL 50.6240 51.0000 4.75830 41.90 62.10 

WD_z_F_Plano 45.0180 45.8000 8.10731 30.00 67.00 

WD_z_F_BU 45.8260 44.6500 7.67609 33.90 68.70 

WD_z_F_BL 44.9940 44.2500 7.58719 26.30 67.00 

WD_z_B_Plano 54.9820 54.2000 8.10731 33.00 70.00 

WD_z_B_BU 54.1740 55.3500 7.67609 31.30 66.10 

WD_z_B_BL 55.0060 55.7500 7.58719 33.00 73.70 

WD_q_LF_Plano 22.0620 21.1000 4.70210 13.40 36.10 

WD_q_LF_BU 22.4340 21.4500 4.63186 14.70 35.50 

WD_q_LF_BL 22.0300 21.6000 4.59255 13.80 36.40 

WD_q_LB_Plano 27.7240 28.3000 4.93953 16.10 39.40 

WD_q_LB_BU 27.1780 27.4500 4.37867 14.80 37.30 

WD_q_LB_BL 27.3420 27.8500 4.57491 17.10 40.70 

WD_q_RF_Plano 22.9460 23.0500 4.96326 11.10 32.70 

WD_q_RF_BU 23.3640 23.2000 4.48511 13.70 34.00 

WD_q_RF_BL 22.9980 22.9500 4.68560 9.10 33.20 
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WD_q_RB_Plano 27.2600 27.2500 5.82952 14.10 38.50 

WD_q_RB_BU 27.0220 27.1500 5.91875 13.30 38.20 

WD_q_RB_BL 27.6340 27.6500 5.93387 15.90 38.50 

Meta_L_Plano 2.0798 1.4250 2.72513 .57 17.36 

Meta_L_BU 1.6142 1.4000 1.05425 .43 6.45 

Meta_L_BL 1.6124 1.2850 1.14362 .56 6.42 

Meta_R_Plano 2.0748 1.6700 1.75228 .53 10.62 

Meta_R_BU 1.5722 1.1450 1.21625 .42 6.43 

Meta_R_BL 1.4832 1.1200 .92604 .53 5.20 

Meta_F_Plano 4.1748 3.5550 3.16942 .81 17.62 

Meta_F_BU 3.9572 2.8100 3.49956 .73 15.88 

Meta_F_BL 3.2464 2.8700 1.90609 1.04 10.74 

Meta_B_Plano 4.2074 3.2100 3.09200 1.17 15.22 

Meta_B_BU 3.7056 3.2650 2.51615 .66 14.48 

Meta_B_BL 3.7454 2.7450 2.86096 1.01 11.86 

Table 4 Descriptive characteristics (Experiment 1) 

Abbreviations: WD: Weight Distribution / Meta: Meta-barycentre / x: x-axis / z: z-axis / q: 

quadrant / LF: Left Foot / RF: Right Foot / F: Front part both feet / B: Back part both feet / RF: 

Right foot Front / LF: Left foot Front / RB: Right foot Back / LB: Left foot Back / R; Right / L: 

Left / Plano: Plano lenses / BU: Base Up / BL: Base Left 

The Shapiro-Wilk test was used in order to test whether variables are normally distributed. 

For p-values < 0.05 we must reject the null hypothesis of normality. Variables WD_z_F_BU, 

WD_z_B_BU, WD_q_LF_BU, Meta_L_Plano, Meta_L_BU, Meta_L_BL, Meta_R_Plano, 

Meta_R_BU, Meta_R_BL, Meta_F_Plano, Meta_F_BU, Meta_F_BL, Meta_B_Plano, 

Meta_B_BU, Meta_B_BL are not normally distributed as their respective p-values < 0.05 

(Table 5). 

  Shapiro-Wilk 

   Statistic Df Sig. 

WD_x_LF_Plano    .959 50 .084 

WD_x_LF_BU    .986 50 .825 

WD_x_LF_BL    .982 50 .650 

WD_x_RF_Plano    .959 50 .084 

WD_x_RF_BU    .986 50 .825 

WD_x_RF_BL    .982 50 .634 

WD_z_F_Plano    .975 50 .360 

WD_z_F_BU    .940 50 .013* 

WD_z_F_BL    .974 50 .325 

WD_z_B_Plano    .975 50 .360 

WD_z_B_BU    .940 50 .013* 

WD_z_B_BL    .974 50 .325 

WD_q_LF_Plano    .967 50 .182 
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WD_q_LF_BU    .953 50 .044* 

WD_q_LF_BL    .973 50 .307 

WD_q_LB_Plano    .982 50 .641 

WD_q_LB_BU    .987 50 .838 

WD_q_LB_BL    .959 50 .080 

WD_q_RF_Plano    .980 50 .570 

WD_q_RF_BU    .986 50 .808 

WD_q_RF_BL    .984 50 .730 

WD_q_RB_Plano    .985 50 .779 

WD_q_RB_BU    .978 50 .475 

WD_q_RB_BL    .969 50 .214 

Meta_L_Plano    .438 50 .000** 

Meta_L_BU    .778 50 .000** 

Meta_L_BL    .784 50 .000** 

Meta_R_Plano    .670 50 .000** 

Meta_R_BU    .725 50 .000** 

Meta_R_BL    .812 50 .000** 

Meta_F_Plano    .805 50 .000** 

Meta_F_BU    .739 50 .000** 

Meta_F_BL    .878 50 .000** 

Meta_B_Plano    .765 50 .000** 

Meta_B_BU    .821 50 .000** 

Meta_B_BL    .759 50 .000** 

*. Significant at .05 level 

**. Significant at .001 level 

a. Lilliefors Significance Correction 

Table 5 Shapiro-Wilk test for normality (Experiment 1) 

Abbreviations: WD: Weight Distribution / Meta: Meta-barycentre / x: x-axis / z: z-axis / q: 

quadrant / LF: Left Foot / RF: Right Foot / F: Front part both feet / B: Back part both feet / RF: 

Right foot Front / LF: Left foot Front / RB: Right foot Back / LB: Left foot Back / R; Right / L: 

Left / Plano: Plano lenses / BU: Base Up / BL: Base Left 

In order to determine, whether there are any statistically significant differences between the 

sample means of three levels of a within-subjects factor (Plano, BU, BL) the one-way 

repeated measures analysis of variance (ANOVA) test was used for normally distributed 

variables (Table 6, columns (9) to (14)). The Friedman test was used in cases where 

variables were not normally distributed. 

According to Table 6, both repeated measures ANOVA and Friedman tests indicate that for 

variables CoP to the right (p < 0.05) and CoP to the back (p < 0.05), the null hypothesis must 

be rejected. At least 2 groups have different means (or medians), suggesting that sway to the 

right and back was effected, showing reduction. 
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E
x
p
e
ri
m

e
n
t 

Variable 
(factor: 
Plano, 

BU, BL) 

Test of Sphericity Repeated measures ANOVA test 
Friedman 

test 

Decision 

Mauchly's Test 
of Sphericity 

  Epsilon  Tests of Within-Subjects Effects 

Mauchly'
s W 

Appro
x. 

Chi-
Squar

e 

d
f 

Sig. 

Greenhous
e 
- 

Geisser 

Huynh
-Feldt 

Source F Df Sig. 

Partial 
Eta 

Square
d 

Chi-
Squar

e 
Sig. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1a 
WD_x_L

F 
.938 3.092 2 

.21
3 

.941 .978 
Sphericity 
Assumed 

1.00
2 

2 98 
.37
1 

.020 - - 

Retain 
the null 

hypothesi
s 

1b 
WD_x_R

F 
.938 3.076 2 

.21
5 

.942 .978 
Sphericity 
Assumed 

.980 2 98 
.37
9 

.020 - - 

Retain 
the null 

hypothesi
s 

1c WD_z_F .886 5.794 2 
.05
5 

.898 .930 
Sphericity 
Assumed 

1.59
4 

2 98 
.20
8 

.031 - - 

Retain 
the null 

hypothesi
s 

1d WD_z_B .886 5.794 2 
.05
5 

.898 .930 
Sphericity 
Assumed 

1.59
4 

2 98 
.20
8 

.031 - - 

Retain 
the null 

hypothesi
s 

1e 
WD_q_L

F 
.882 6.047 2 

.04
9 

.894 .926 
Huynh-
Feldt 

1.10
4 

1.85
2 

90.72
7 

.33
2 

.022 - - 

Retain 
the null 

hypothesi
s 

1f 
WD_q_L

B 
.698 17.277 2 

.00
0 

.768 .788 
Sphericity 
Assumed 

1.15
0 

2 98 
.32
1 

.023 1.289 .525 

Retain 
the null 

hypothesi
s 

1g 
WD_q_R

F 
.922 3.891 2 

.14
3 

.928 .963 
Sphericity 
Assumed 

.943 2 98 
.39
3 

.019 - - 

Retain 
the null 

hypothesi
s 

1h 
WD_q_R

B 
.992 .387 2 

.82
4 

.992 1.000 
Sphericity 
Assumed 

1.41
3 

2 98 
.24
8 

.028 - - 

Retain 
the null 

hypothesi
s 

1i Meta_L .528 30.700 2 
.00
0 

.679 .692 
Greenhous
e-Geisser 

2.05
1 

1.35
8 

66.55
4 

.15
1 

.040 1.127 
0.56

9 

Retain 
the null 

hypothesi
s 

1j Meta_R .676 18.801 2 
.00
0 

.755 .774 
Huynh-
Feldt 

4.79
9 

1.54
8 

75.86
2 

.01
7 

.089 
10.72

0 
0.00

5 

Reject 
the null 

hypothesi
s 

1k Meta_F .930 3.470 2 
.17
6 

.935 .970 
Sphericity 
Assumed 

1.96
6 

2 98 
.14
6 

.039 1.960 .375 

Retain 
the null 

hypothesi
s 

1l Meta_B .908 4.623 2 
.09
9 

.916 .950 
Sphericity 
Assumed 

.732 2 98 
.48
3 

.015 6.040 .049 

Reject 
the null 

hypothesi
s 

Table 6 ANOVA test (Experiment 1) 

Abbreviations: WD: Weight Distribution / Meta: Meta-barycentre / x: x-axis / z: z-axis / q: 

quadrant / LF: Left Foot / RF: Right Foot / F: Front part both feet / B: Back part both feet / RF: 

Right foot Front / LF: Left foot Front / RB: Right foot Back / LB: Left foot Back / R; Right / L: 

Left / Plano: Plano lenses / BU: Base Up / BL: Base Left 

As the assumption of normality is violated for Meta_R and Meta_B, Friedman post hoc tests 

need to be performed in order to determine which groups differ in median (Figure 9 and 

Figure 10). Using SPSS 20, pairwise comparisons are conducted using the Wilcoxon signed-
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rank test with a Bonferroni correction for multiple comparisons. If p-value < 0.05 (Figure 9 

and Figure 10, column óAdj.Sigô) then the difference in medians between the two groups, for 

each pair of groups stated in Figure 9 and Figure 10, column ñSample1-Sample2ò is 

statistically significant.  

 

 

Figure 9 Pairwise comparisons for variable meta-barycentre rightwards (Experiment 1) 
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Figure 10 Pairwise comparisons for variable meta-barycnetre backwards (Experiment 1) 

According to Figure 9, it is determined that the median of CoP to the right with plano lenses 

(Mdnplano = 1.67 mm) is greater than the median of CoP to the right with yoked prisms BL 

(MdnBL = 1.12 mm) (p < 0.05). In addition, according to Figure 10, it is determined that, after 

Bonferroni correction, there are no differences in medians of CoP to the back between the 

groups. As a result, only yoked prisms base left had a statistical significant effect showing 

reduction on the rightward body sway. 
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4.4 Discussion 

The aim of this experiment was to investigate the effect of yoked prisms on weight 

distribution and body sway in sample of 50 healthy participants when standing in a natural 

and relaxed upright posture. Changes in weight distribution or body sway could suggest that 

yoked prisms have a significant effect on posture in a predictive way. This could be beneficial 

in many cases of rehabilitative and preventative care as an alternative option or 

supplementary approach to orthotics and orthopedic care. 

Results of this study showed no statistically significant differences concerning weight 

distribution between the two feet or weight distribution between anterior and posterior parts 

of both feet. This means that the application of yoked prisms does not seem to result in any 

unnecessary weight distribution asymmetries and aggravating articulations. This is important, 

when considering incorporation of yoked prisms, in cases like progressive addition lenses, in 

healthy population.  

Two explanations can be considered for these results. The first one is based on the fact that 

prismatic adaptation was prevented so no significant alteration can take place without 

adaptation. Secondly, it can be considered that the human body always tries to keep a 

homeostasis thus any change in weight distribution would not be beneficial in normal 

population as could be, for example, in hemiplegic patients who experience postural 

asymmetries. Previous studies investigating the effects of yoked prisms on posture have 

been conducted in subjects with pathological conditions or sensory-motor dysfunctions 

(Padula, et al., 2009). 

When standing upright, there is minimal physiological body sway in all directions. 

Posturographic results showed a statistically significant effect when yoked prisms BL were 

applied by reducing physiological body sway to the right, thus increasing the tendency to set 

the centre of gravity to the left. This is in agreement with a previous study on healthy 

population using yoked prisms base right, which resulted in shifting centre of gravity 

rightward, towards the base of the prisms (Gizzi, et al., 1997). 

In contrast, yoked prisms BU in the current study had no significant effects on CoP, which is 

not in agreement with a previous study using yoked prisms BD. Research on yoked prisms 

effects has shown temporary shift of the bodyôs centre of mass backward when base down 

prisms are applied (Jeske & Coffey, 1992). Although the opposite effect could be speculated 

concerning BU prisms, the biomechanical parameters need to be considered. Shifting of the 

bodyôs centre of mass backwards needs some compensatory body alterations in order to 

sustain the initial posture. Mechanics of the spinal cord and articulationsô range of motion 

enable for flexibility forward than backward. As a result, any shift of bodyôs centre of mass 
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backwards is allowed since it is easier to be counterbalanced by bending forward. This could 

partially explain the difference between BU and BD performance in the two studies.  

A more recent study, showed no significant effects on CoP in static conditions, but this are 

not comparable with the results of the current study, because the prisms used were 

diagonally oriented. (Gottshall, et al., 2006). Yoked prisms are usually used in lateral or 

vertical orientations for clinical and research purposes. 

One of the significant optical effects of yoked prisms is the shift of perceived image towards 

the apex of the prisms thus the alteration of viewing gaze. Viewing through different gaze 

positions can alter neural processing in many brain areas that contribute to motor planning 

(Bedard, et al., 2008) and postural stability (Kapoula & Le, 2006; Ustinova & Perkins, 2011).  

In addition, results highlighted the direct and immediate effect of yoked prisms in healthy 

adults, under conditions where prismatic adaptation was prevented. It is important to note 

that differentiation between short-term and long-term effects is usually not mentioned in 

previous studies. Previous studies also do not provide any information whether prism 

adaptation was prevented or enhanced. 

4.5 Conclusions 

Results of this experiment are important, because they set the base for analyzing further 

motor behaviour, like walking and other coordinated body movements, with yoked prisms. No 

statistically significant effects on weight distribution were measured with yoked prisms BU 

and BL by preventing prism adaptation. This provides also useful information for 

understanding prism adaptation by showing that any changes, occurring not in static but in 

dynamic conditions, should be examined in continuous time frames, since the initial condition 

is not affected. 

The results suggest a statistically significant prismatic effect in shifting the barycentre only in 

the case of yoked prisms base left in healthy subjects, when prism adaptation is prevented. 

The barycentre was shifted to the left indicating the tendency of the postural sway even when 

changes in weight distribution are not detected.  
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CHAPTER 5 ï Experiment 2: Effects of yoked prisms on posture 

In the previous chapter the effects of yoked prisms on body posture were examined in terms 

of weight distribution and body sway. Although no significant changes were reported on 

weight distribution, postural changes should not be excluded. Shifts and rotations of upper or 

lower body parts and head could appear, while at the same time sustaining homeostasis and 

initial weight distribution status. In this chapter the second experiment is described in detail, 

where postural aspects are analyzed through photographic captures and the appropriate 

software.   

5.1 Introduction 

There are synergies between extraocular, neck, trunk and lower limb muscles (Roll & Roll, 

1988) but the exact mechanisms of yoked prisms effects are not clearly defined. The primary 

aims of this study were to identify which parts of the body are initially affected before any 

prism adaptation takes place. It is important to understand which body parts are affected 

initially and which are secondary consequently affected in order to identify which cases could 

potentially benefit most by the application of the yoked prisms. Previous studies have mainly 

examined the effect of yoked prisms on spinal cord or head posture in isolation (Suttle, et al., 

2011; Wong, et al., 2002). In this experiment different body parts are considered separately 

or in relation to each other during exposure to different pairs of yoked prisms, through 

photographic analysis. The objective is to detect any consistent shifts or tilts of the body on 

the x and z axis while standing in a natural position. 

5.2 Method 

5.2.1 Participants 

Concerning experiment 2, given an effect size of 0.25 and a power level set at 0.95 (for a 

level of error of type I set at 0.05) the minimum required size for repeated measures ANOVA 

was 45. In this experiment 54 subjects were included. Among those subjects who 

participated in this experiment 39 of them participated also in experiment 1. Thirty-eight 

(70%) of the participants were women. Regarding age, the mean age of the 54 participants 

was 35.64 years and the standard deviation (SD) was Ñ9.09. The minimum and maximum 

ages of the participants of the sample were 20 and 58.08 years respectively. All participants 

were recruited from population that visited the optometric practice for a regular examination 

and sustained the criteria for participating in the study. 

Variables concerning refractive status of monocular and binocular conditions were analyzed. 

For variable RefractionRE concerning the refractive status of the right eye, the mean was -

1.07 D and the SD was Ñ1.94 D. Minimum and maximum values were -7.37 D and +0.75 D 

respectively (Table 7). For variable RefractionLE concerning the refractive status of the left 

eye, the mean was -1.01 D and the SD was Ñ1.88 D. Minimum and maximum values were -
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7.87 D and +1.00 D respectively (Table 7). For variable RefractionBE concerning the 

refractive condition of both eyes, the mean was -1.04 D and the SD was Ñ1.91 D. Minimum 

and maximum values were -7.62 D and +0.87 D respectively (Table 7).  

 

 N Range Minimum Maximum Mean Std. Deviation Variance 

Statistic Statistic Statistic Statistic Statistic Std. Error Statistic Statistic 

Age 54 38.08 20.00 58.08 35.6456 1.23823 9.09912 82.794 

RefractionRE 54 8.125 -7.375 .750 -1.07176 .264218 1.941600 3.770 

RefractionLE 54 8.875 -7.875 1.000 -1.01389 .257162 1.889748 3.571 

RefractionBE 54 8.500 -7.625 .875 -1.04285 .259993 1.910549 3.650 

Table 7 Age, monocular and binocular refraction (Experiment 2) 

5.2.2 Materials 

For this experiment the application PostureScreen Mobile 5.2 (PostureCo, Inc., Trinity, 

Florida, USA) was used on an iPhone 4S. PostureScreen is based on PosturePrint, a web-

based system for assessing posture, designed by the same team although supported by 

another company (BioTonix). As a result its validity and reliability is based on the same 

principles (personal communication with Dr. Joe Ferrantelli, PostureCo, Inc.). The reliability 

of evaluating posture (Dunk, et al., 2005) and the validity of head displacement estimation 

based on images has been published (Janik, et al., 2007) along with rib cage (Harrison, et 

al., 2007) and static pelvic posture changes in an upright position (Harrison, et al., 2008). 

The combined intra-examiner and inter-examiner correlation coefficients have been also 

investigated providing reliability for clinical use (Normand, et al., 2007). The combined inter-

examiner and intra-examiner correlation coefficients were in the good (14/44) and excellent 

(30/44) ranges for clinical research, showing small standard error of measurements and 

mean absolute differences. The incorporated gyroscope of iPhone 4S is used by the 

application in order to create a frame of reference and ensure verticality of the photos to be 

taken. Further angular measurements during picture analysis were made with Screen Scales 

software (Talon-Designs, Willamette Valley, Oregon, USA) in full screen mode. 

Three pairs of glasses were used. One pair had no prisms incorporated while the other pairs 

incorporated 8 ȹ yoked prisms with orientations of the prism bases placed either base up 

(BU) or base left (BL). All pairs were mounted in strap-on wide frames (Bernell Co, 4016, N. 

Home street, Mishawaka, IN 46545, USA) so they were easily adjusted. Previous studies 

have used yoked prisms between 5 ȹ and 40 ȹ. The amount of 8 ȹ was selected as the one 

closer to the maximum amount that usually can be incorporated in a prescription by 

ophthalmic lens manufacturers. 
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5.2.3 Procedure 

Subjects were asked to choose randomly between three colors (red, blue, green) 

representing a pair of flat yoked prisms 8 ȹ BU, 8 ȹ BL and plano lenses respectively. 

Especially for this experiment, all participants were required to wear clothes that enabled 

clear identification of the anatomical markers. Reflective stickers were applied to body parts 

in order to be used as reference points. These were acromioclavicular joint (AC), external 

side of shoulder at the cervical thoracic junction of the AC joint, episternal notch, anterior 

superior iliac spine (ASIS), external side of hip joint, external side of the knee joint, and 

frontal and external side of ankles (Figure 11). 

When subjects were ready they were asked to stand still in a natural and relaxed position 

viewing a single 6/9 letter at the distance of 3 m. The participantôs ID number along with their 

height and weight were inserted in the data area of the PostureScreen Mobile application. 

Two photos were taken under each condition, one frontal and one lateral. Participants were 

asked to try to keep fixating on this single letter during the whole procedure and not to look in 

extreme gaze positions. After one minute the first pair chosen randomly by the subject earlier 

was applied and after an additional minute the first frontal and right lateral picture was taken. 

Then the first pair was removed and a two-minute break was intervened, before applying the 

second pair. During this period only small foot or body readjustments were allowed in order 

to ensure a relaxed position. Application of the second pair was followed by a one-minute 

period and a new frontal and right lateral photo. The experiment ended after the third pair 

was applied following the same steps of two-minute break, one-minute wait with the new pair 

and the last frontal and right lateral photo taken. 

At this point the operator was required to tap on the screen at exact points on the photos. 

These were right and left pupil, middle upper lip, acromioclavicular joint (AC), anterior 

superior iliac spine (ASIS), frontal side of right and left ankles, right external acoustic meatus 

(EAM), right shoulder at the cervical thoracic junction of the AC joint, right hip joint, right 

lateral knee, and right lateral ankle (Figure 11). Results provided by the application indicate 

forward or backward shift of the head, shoulder, and hips in reference to the vertical plane at 

the ankle point. Rightward or leftward shift of the head, shoulders, and hips are referenced to 

the vertical midline set at the middle distance of the ankles. In addition, the application 

provides results on rightward or leftward head, shoulder and hips tilt. 
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Figure 11 Reference points used in PostureScreen Mobile 5.2. The yellow dots correspond 

to the markers applied as needed in order to identify the body parts to be analysed. 

In order to obtain more data on posture all photographs were transferred to a laptop, where 

more angles could be measured with the Screen Scales software (Talon-Designs, Willamette 

Valley, Oregon, USA). Usage of the same reference points of the lateral view was able to 

provide three more lateral angles: the head-shoulder angle (A), the shoulder-hips angle (B) 

and the hips-ankle angle (C) (Figure 12). One more angle termed angular midline shift was 

calculated from the frontal view photos. The angle is formed by the vertical axis and the line 

connecting the middle distance between ankles and the middle distance between the two 

eyes (Figure 13).  


















































































