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Abstract: Manipulation of joints is associated with a variety of claimed 
outcomes, but without representative controlled studies. Physiological 
effects of electroacupuncture and manipulation of the cervical spine depend 
on the side of the body that treatment is applied to.  Both treatments can 
change the size of the visual blind spot associated with the optic disc of the 
eye. Methods: We randomly allocated 62 healthy adults to either real or 
sham manipulative therapy, applied to the upper extremity on the side of an 
enlarged blind spot.  Pre and post treatment blind spots were measured.  
Results: There was a highly statistically significant decrease in blind spot 
size following manipulation to the upper extremity in the intervention group 
when compared to the sham group.  Left sided manipulation was shown to 
result in a significantly greater change in the blind spot size than right-sided 
manipulation. Conclusions: Manipulation of an upper extremity on one side 
has a similar effect on the size of the blind spot as manipulation of the 
cervical spine and acupuncture treatment to the same side. The 
consequences of manipulation are greater than sham and promote questions 
to many of the currently held theories relating to change in brain function or 
visual perception following manipulation.  It is recommended that further 
studies of blind spot phenomena specific to a variety of clinical disorders, 
treatments and outcomes be contemplated. 
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Introduction 
Woo et al (1,2) studied the effects of contralateral acupuncture on brain 
function using blind-spot measurement and demonstrated significant 
differences in the physiologic responses of ipsilateral vs. contralateral 
stimulation. Their findings were similar to those of an original study that 
found that manipulation of the cervical spine on the side of an enlarged 
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blind-spot was associated with increased contralateral cortical activity while 
manipulation of the cervical spine on the side opposite an enlarged 
blind-spot map was associated with decreased cortical activity (3). 
Interestingly, both electroacupuncture and cervical spine manipulation 
increase or decrease brain function similarly as assessed by changes to the 
blind spot, depending on the treatment side.  Contralateral side treatment has 
a superior effect than ipsilateral side treatment on brain function for both 
modalities.    
 Improvement in vision with spinal manipulation was first observed 
in the early 1970s and reports of the phenomenon appeared in the 1980s in 
the popular press and at scientific meetings, but it was not until the 
mid-1990s that general discussion of the potential value of this knowledge 
occurred (4).  The use of computerized static perimetry to measure the 
cerebral effects of spinal manipulation has increased our understanding of 
the nervous system (5). The size of the right blind spot is different from the 
size of the left blind spot such that the prominent nasal part of the optic disc 
appears less 'blind' than the shallow temporal part (6). Changes in the size of 
a mapped blind spot after any type of treatment (manipulation, acupuncture, 
etc) would be due to either a change in the anatomical size of the optic disc 
or a change in the brain representation of it. Since manipulation or 
acupuncture does nothing to the anatomical size of the optic disc it would be 
illogical to promote an argument that it did.  The changes in the size of the 
blind spot due to applications that do not change the anatomical size of the 
optic disc are due to changes in brain integrative function.   
 Although there is no retinal input within the blind spot, it is filled 
with the same visual attributes as its surround. Earlier studies have shown 
that neural responses are evoked at the retinotopic representation of the 
blind spot in the primary visual cortex (V1-brain) when perceptual filling-in 
of a surface or completion of a bar occurs (7). Locations of the visual field 
have highest interpoint correlation with neighboring points and with distant 
points in areas corresponding to the distribution of the retinal nerve fiber 
layer. The quantification of interpoint correlations may be useful in the 
design and interpretation of visual field tests in some patients (8).   
 Neurons in the V1 (primary visual cortex-brain) region representing 
the blind spot encode information essential for perceptual filling-in at the 
blind spot (9). Although no visual inputs arise from the blind spot, the same 
visual attribute there as in the visual field surrounding the blind spot is 
perceived because of this remarkable perceptual filling-in a hole 
corresponding to the blind spot is not perceived, even when one eye is 
closed (10) due to brain function. An enlargement of the blind spot can 
occur with widespread visual field loss which is not explained by fundus 
changes (11).  This asymmetry can be explained by nasotemporal 
asymmetries that have been described in anatomical studies of the visual 
system in primates and humans.  In part, the representation of the monocular 
crescent of the temporal hemifield of either eye, which exists only in the 
crossed projection, may explain this. In addition, within the binocular field, 
there is a biased crossed projection of nasal retinal ganglion cells that drive 
the contralateral ocular dominance columns in V1 (brain).  
 Asymmetric activation patterns occur in the visual cortices of normal 
humans with the contralateral hemisphere activated more strongly and to a 
greater spatial extent than the ipsilateral hemisphere when either eye is 
stimulated and the blind spot representation in the ipsilateral visual cortex 
may contribute to the observed asymmetries (12). The paired cortical 
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representations of the monocular blind spot can be demonstrated by 
functional MRI in the primary cortical visual area V1 (13). The blind spot is 
perceived in the brain and we might utilize a variety of techniques to 
visualize it.  The cortical region V1 corresponding to the blind spot greatly 
prefers stimulation of the ipsilateral eye to that of the blind-spot eye with a 
monocular blind-spot representation activated when ipsilateral stimulation 
becomes perceptually dominant and suppressed when the blind-spot grating 
stimulation becomes dominant (14).   
 The human natural blind spot is usually filled in based on contextual 
information such that when two sufficiently different images are presented 
to the two eyes, observers typically perceive an alternation between the two 
images suggesting that the filled information in the area of the blind spot 
does contribute to the rivalry process (15). The visual blind spot is treated 
by early perceptual processing as a region of reduced or absent information 
such that many perceptual effects observed in blind spot completion are 
similar in detail to the amodally perceived completion of partly occluded 
objects viewed somewhat peripherally (16). The brain does not objectively 
reflect outer reality, but rather what is necessary in order to survive and 
adapt to the environment such that the eye's blind spot reflects the brain's 
capacity to invent information producing occurrences which in reality have 
never happened, in such a way that, for the brain, convenient reality and 
objective reality are two very different things (17).   
 Measurement of the blind spot may depict objective measurements 
dependant upon the convenient reality of brain perception.  The sizes of the 
blind spot are expected to be different when measured and subjected to 
mathematical analysis. Dichoptic lateral interactions occur in the region of 
the visual field of one eye that corresponds to the physiological blind spot in 
the other eye.  The presence of these dichoptic interactions in a region 
lacking direct retinal afferents from one eye is consistent with the 
proposition that long-range horizontal connections of the primary visual 
cortex mediate these interactions (18).   
 Spinothalamic input is directed mostly to the ventral posterior 
complex of the thalamus and cells just caudal to it. In addition, the patches 
of spinothalamic terminations intermingled and partly overlapped with the 
cerebellothalamic projections (19). The thalamus is the major sensory 
integration area in the brain and receives information not only from spinal 
segments but from areas associated with vision and hearing as well.  The 
thalamus receives a distinct set of spinal projections principally from the 
cervical level (20). Intrathalamic neuronal activity is responsible for brain 
activation of a variety of sensory modalities including vision and hearing as 
well as the somesthetic sensations. Spinal manipulations and acupuncture 
result in changes in the size of the perceived blind spot without changes to 
the size of the optic disc promoting a probable mechanism of thalamic 
integration.   
 Serial activation of the human spinocerebellum following peripheral 
nerve stimulation suggests that that muscle afferent inputs are the source of 
cerebellar activation (21). The adult motor cortex adapts following cervical 
cord injury underlying biological mechanisms illustrating the relationship 
between spinal anatomy and brain function (22). The visual cortex is used to 
study structural and functional plasticity regulated by experience with 
thalamic projections to the visual cortex, and neuronal connectivity in the 
visual cortex itself (23). The consequence of spinal manual therapy and 
acupuncture results in a combination of findings supporting the proposal 
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that these therapies may, at least initially, exert part of their influence via 
activation of structures in the mesencephalon (24).  The feedback effect on 
the cervical spine is also recognized in visual disorders and especially when 
vision is decreased such as in darkness (25). 
 
Methods 
This research was conducted in accordance with the University of Surrey’s 
ethics procedures and conformed to the code of ethics of the World Medical 
Association (Declaration of Helsinki). Sixty-two healthy adult participants 
were randomly allocated into two groups of thirty-one and underwent a 
physical examination to ensure that they were appropriate candidates 
without a contraindication to manipulative therapy or visual pathology. 
Group A was assigned to receive sham manipulations, while group B was 
assigned to receive extremity manipulations. Written informed consent was 
obtained from all participants. Blind spots were measured on all subjects 
before treatments using a validated methodology (2,3). 
 Group A underwent the sham manipulations, If the size of their blind 
spot was larger on the left, then the upper extremity joints on the left side of 
their body were subjected to a sham manipulation.  If the size of their blind 
spot was larger on the right, then the upper extremity joints on the right side 
of their body were subjected to a sham manipulation. The sham 
manipulation consisted of the participant sitting with their appropriate arm 
in a relaxed position. An unloaded activator instrument was lightly placed 
on designated locations, and fired. The locations were chosen to provide 
minimum proprioceptive input by avoiding joints and the palmar aspect of 
the hand. They included the dorsal aspect of their hand overlying the  
mid-portion of a metacarpal, the dorsal aspect of the mid-shaft of the ulnar, 
and the lateral aspect of the mid-shaft of the humerus. Following the sham 
intervention, blind spots for each eye were measured. At the end of the 
procedure the perimeters of the pre-sham-intervention blind spots and 
post-sham-intervention blind spots were calculated and recorded. 
 Group B was the extremity manipulation intervention group. Group 
manipulations were assigned in the same manner as was Group A.  If the 
size of their blind spot was larger on the left, then the upper extremity joints 
on the left side of their body were manipulated. If the size of their blind spot 
was larger on the right, then the upper extremity joints on the right side of 
their body were manipulated. The manipulations were performed using a 
standard diversified chiropractic technique to the upper extremity. The 
upper extremity joints manipulated included the first carpometacarpal joint, 
the second to fifth metacarpophalangeal joints, the lunate, the humeroulnar 
joint, the glenno-humeral joint, and the sternoclavicular joint. Following the 
manipulations,  blind spot measurements for each eye were obtained.  At the 
end of the procedure the perimeter of the pre and post-intervention blind 
spots were calculated and recorded by blinded examiners.  
 The pre and post intervention blind spot measurements were taken 
immediately before and after the intervention. This, along with the 
constancy of the blind spot procedure ruled out any change in blind spot size 
occurring independently of the intervention.  The statistical significance was 
assessed using SPSS with the data collected; using the parametric ‘t’ test for 
paired samples in both groups independently; and with the ‘t’ test for 
unpaired samples to compare the groups to each other. The ‘t’ test was used 
as opposed to a non-parametric test because the data was reasonably 
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normally distributed and there was a significant number within the data to 
make it viable. 
 
Results 
The overall mean blind spot size pre-intervention was 118.2mm. The mean 
right blind spot size was 118.8mm and mean left was 117.7mm. The results 
below show the perimeter of the blind spots in millimeters (mm) pre 
intervention minus post intervention. Therefore a plus figure indicates that 
the blind spot decreased (brain function improved).  
 
 
Table 1. Summary statistics for all adjustment participants for the side on 
which they received intervention corresponding to their larger initial blind 
spot. 
 
 

Blind spots area Intervention N Mean Std. Deviation Paired 
t-test 

Left/right 
(before - after) Adjustment 31 14.7419 11.29297 P < 0.0005 

 
 
Table 1 demonstrates a highly statistically significant decrease in blind spot 
size following adjustments to the upper extremity corresponding to the 
enlarged blind spot in the intervention group. The large standard deviation 
indicates that the amount of change is highly individual. This disproves null 
hypothesis 1, which stated that those participants whose upper extremities 
were adjusted ipsilateral to the larger pre-test blind spot would have no 
significant difference between pre and post intervention blind spot sizes.  
 
 
Table 2. Summary statistics for all sham intervention participants for the 
side on which they received attention corresponding to their larger initial 
blind spot.  

 
 

Blind spots area Intervention N Mean Std. Deviation Paired 
t-test 

Left/right 
(before - after) Sham 31 1.4194 6.17400 P =0.210 

 
 
An overall decrease in blind spot sizes was observed for the sham 
participants and is represented in table 2.  This decrease is not statistically 
significant, since 0.210 is greater than 0.05 (the figure must be less than 5% 
to be significant). This does not disprove null hypothesis 2, which states that 
for participants who have a sham intervention of the upper extremities, there 
would be no significant difference between the pre and the post intervention 
blind spot size.  The intervention group’s results varied quite considerably, 
although none of the blind spots actually became larger (which would have 
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indicated a decrease in brain function).  Summary statistics for all 
participants who received intervention (sham or treatment) on the side 
corresponding to their larger initial blind spot are shown in table 3. The 
unpaired t-test represents the statistical significance of the adjustment group 
when compared to the sham group.  
 
 
Table 3. Summary statistics for all participants who received intervention 
(sham or treatment) on the side corresponding to their larger initial blind 
spot. 

 
 

Blind spots area Intervention N Mean Std. 
Deviation Unpaired t-test 

Left/right 
(before – after) Sham 31 1.4194 6.17400  

P < 0.0005 
 Adjustment 31 14.7419 11.29297  

 
 

Table 3 shows a highly statistically significant difference in relevant side 
change between the adjustment participants and the sham participants, with 
the intervention participants improving much more. This disproves the null 
hypothesis 3 which stated that there would be no significant difference 
between participants whose upper extremity ipsilateral to the larger pre-test 
blind spot size was adjusted, and participants who have a sham intervention 
to the ipsilateral upper extremity.  We were also interested in investigating 
the individual effects of left hand side and right hand side adjustments 
including the effects on non-corresponding sides.    
 
 
Table 4. Summary statistics for all 32 participants receiving intervention on 
their left. 

 
 

Blind spots area Intervention N Mean Std. 
Deviation 

Unpaired 
t-test 

Left change (before - after) Sham 18 2.0556 5.90585  
  

Adjustment 
 

14 
 

13.1429 
 

7.72466 
P < 

0.0005 
Right change (before - 

after) 
Sham 18 0.5000 7.53228  

P=0.244 
 Adjustment 14 3.4286 6.02194  

 
 

We see in table 4 the summary statistics for all 32 participants receiving 
intervention to their left side.  The p value of 0.244 indicates that when 
intervention occurred on the0 left hand side (i.e. when the previously 
enlarged blind spot was on the left) there was no statistically significant 
difference between sham and adjustment groups to the blind spot on the 
right hand side. The highly statistically significant p value for the left hand 
change indicates that left hand side intervention is significantly more 
beneficial for the blind spot on the left hand side in the adjustment group 
compared to the sham group.  
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Table 5. Summary statistics for all 30 participants receiving intervention 
on their right hand side. 

 
 

Blind spots area Intervention N Mean Std. 
Deviation 

Unpaired 
t-test 

Left change (before - 
after) 

Sham 13 1.5385 5.36370  

  
Adjustment 

 
17 

 
-3.3529 

 
7.59886 

P =0.059 

Right change (before - 
after) 

Sham 13 0.5329 6.66603  
P <0.0005 

 Adjustment 17 16.0588 13.65865  
 

 
Table 5 shows the summary statistics for all 30 participants receiving 
intervention to their right hand side. The p value of 0.059, which is almost 
significant at the 5% level, indicates that when the blind spot was larger on 
the right, right-sided adjustments may have caused an increase in the size of 
the blind spot on the left side. The highly statistically significant p value for 
the right sided change indicates that when the blind spot was larger on the 
right side, right sided adjustments are extremely beneficial for the blind spot 
on the right side when compared to sham intervention.  
 
Discussion 
The results showed that there was a highly statistically significant decrease 
in size of the previously enlarged blind spot following chiropractic 
manipulation to the upper extremity on the same side; and this was 
regardless of whether the enlarged blind spot was on the right or the left. 
The size of the optic disc does not change with the decreased size of the 
blind spot due to a change in integrative activity in the contralateral cerebral 
cortex increasing visual perception. The statistical significance of the 
change following upper extremity adjustments was found both when 
calculated on its own (pre and post intervention) in the paired t-test, and 
when compared to sham intervention in the unpaired t-test. Sham 
intervention was not found to cause a statistically significant impact. These 
results correlate with the findings of Carrick and Woo et al (2,3), which 
showed that manipulation or acupuncture on the side opposite decreased 
brain function (i.e. on the same side as the larger blind spot), led to an 
increase in brain function on that side. This suggests that manipulation and 
acupuncture evoke a similar activation of proprioceptive information to the 
brain.  The Sham manipulation did not have such an effect supporting 
observations that it is the manipulation itself that is causing the changes in 
brain function.  This study, along with those of Carrick and Woo (2,3) 
suggest that the integrative state of the visual cortex was changed by the 
stimulation of joint or muscle afferents.  Such stimulation has a probability 
of changing the amplitude of proprioceptive input from the opposite side of 
the body resulting in a change of brain function associated with vision. The 
neurological mechanisms through which these changes can occur have been 
discussed in the context of a Master’s thesis by this author and are beyond 
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the scope of this paper. Although the intervention proved to be highly 
statistically significant, the study may not have been large enough to draw 
definitive conclusions. To draw absolute conclusions regarding change in 
brain function following adjustments to an upper extremity, a large 
population and more clinical tests assessing brain function would be 
required.  We did not study how long the effects might last. Carrick’s (3) 
study found that the blind spot maps were highly reproducible without 
intervention between measurements, suggesting stability. It is highly 
probable that the temporal effects of manipulation or acupuncture is 
dependent on many criteria, including the level of difference in cortical 
function between hemispheres, the chronicity of the decrease in function, 
and the plasticity of the brain. This would be an interesting avenue for 
further research and very useful in terms of prognosis.  There is a large 
scope of applications for research following this study, including a further 
comparison of manipulation and acupuncture.    
 
Conclusions 
This study has found that chiropractic manipulations to an upper extremity 
can result in a decrease in blind spot size. This indicates an increase in brain 
function in the contralateral hemisphere of the brain, when that hemisphere 
was functioning at a level lower than the other hemisphere. This was 
demonstrated by the size of blind spots (used to test the contralateral cortex) 
both before and after intervention, and comparing results to a sham group.   
This study adds impetus to the concept of the body as an integrated system 
with applications such as manipulation having benefits in the intervention of 
a variety of conditions. The significance of the study questions many of the 
currently held theories relating to change in brain function or visual 
perception following chiropractic intervention.  It also further suggests that 
the mechanisms of blind spot changes in size after manipulation or 
acupuncture are probably similar.  It is recommended that further studies of 
blind spot phenomena specific to a variety of clinical disorders, treatments 
and outcomes be contemplated. 
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