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ABSTRACT

Interoceptive feedback is the body’s internal sensation that maintains and regulates
body representation in the brain so that we imagine and execute motor actions and locate
pain/discomfort associated with the part/side of the body involved in the actions (e.g., right-
left, upper-lower). The contribution of interoceptive feedback to motor representation and
action is poorly understood in motor disability (spinal cord injury), potentially contributing to
poor understanding of post-injury pain and affect. This thesis aimed to understand whether
interoceptive disruption following spinal cord injury (SCI) influences the imagery, action and
pain associated with the usage-dependent body representation, namely dominant (left-right
limbs) and intact side of the body (upper-lower) and the affect. The objectives were met
under two sections- i) understanding whether interoceptive information is necessary for a
specific motor output and how interoception influences mental imagery (Investigations 1, 2,
3A, 3B), ii) understanding how interoception influences body mass index (BMI), pain and
affect (Investigations 4, 5, 6). The study was conducted on the in-patient and out-patient
services from rehabilitation departments in Delhi, India. Investigation 1-In Phase 1, the
performance duration was studied in 97 right (R) handed healthy male participants. A R side
bias was seen in the motor performance in healthy participants. The preferred hand was
stronger than the non-preferred hand. In Phase 2, a R side bias was not observed in SCI
(n=19). High repetition of movements and bimanual activities reinforces particular network
connectional patterns. Hence, the loss of R side bias following SCI probably indicates a shift
in body representation. Investigation 2- This comprised of three steps. From Step 1, we did
not find a R side bias in the time taken to perform the left (L) UL movements in SCI (n=35);
similar to our previous results from Investigation 1. Steps 2 and 3 compared the pre and post-
imagery movement performances on L and R sides separately in persons with SCI (n=24) and

healthy (n=13) participants. We found similar results (as Investigation 1), i.e. limb imagery



did not elicit a R side bias in motor performance in SCI. Following SCI, the simultaneous use
of both upper limbs is demanded for manoeuvring wheelchairs and other rehabilitation-
related tasks. Investigation 3A- This examined imagery (motor and non-motor; upper limbs
(UL) and lower limbs (LL); left and right sides) in SCI with varying degrees of interoceptive
disruption: high (tetraplegia: lower and upper body), low (paraplegia: restricted to lower
body), or absent (healthy control). In paraplegia (n=92), the UL-related motor and non-motor
imagery of movements were better than LL. A significant difference was also found in motor
and non-motor imageries of only UL between persons with tetraplegia and paraplegia (n=30
each). The healthy group (n=18) showed better motor imagery for LL than SCI (n=15). No
difference in motor and non-motor imagery was seen in healthy. All these results show that a
UL bias is found in limb imagery. This shows that interoceptive feedback from the body is
essential for imagery. Investigation 3B- A set of software-based imagery tasks was used.
Accuracy and reaction time (RT) were calculated. A UL bias was seen in the imagery
processes in SCI (n=19), both in accuracy and in RT. No UL bias was seen in healthy (n=19)
participants. Also, there was a difference between SCI and healthy participants in only LL-
related imagery tasks. Hence, imagery processes showed a UL bias, indicating that
interoceptive feedback is required for imagery processes. A R side bias was not seen in
imagery processes in SCI, implying that imagery is not facilitated by side bias (similar to our
results in Investigations 1 and 2), as against contrary evidence available. Repeated bilateral
hand and upper limb functions facilitate improved motor function performance on both sides.
Investigation 4- A negative relationship between BMI and positive affect (PA) was seen in
SCI (n=142). A positive relationship was found between age and BMI. The higher-aged
participants were mostly chronic SCI, and chronicity means a prolonged duration of lack of
interoceptive feedback. Investigation 5- On comparing the pain, we found that pure right-

sided pain was more prevalent than pure left-sided pain in both healthy (n=13) and SCI



(n=12) groups. Similarly, the prevalence of UL-related pain was higher than LL-related pain
in both groups. The overall intensity of pain reported by the two groups was also similar.
Since we did not find any difference between SCI and healthy participants, neither for the
pain presentation (L and R sides, ULs and LLs), nor for pain intensity, it implies that pain is
not related to body representation or interoceptive feedback. There could probably be other
factors responsible for the experience of pain independent of the interoceptive information.
Pain associated with SCI can influence body representations and movements. No relationship
was observed between the L and R side movement performances with the pain scores and
between the motor and non-motor imagery with the pain scores in either group (SCI or
healthy). Investigation 6- Results demonstrated that differences found in the valence ratings
(of pain, positive and neutral) were independent of the absence (SCI, n=19) or presence of
interoceptive feedback (healthy group, n=19). Pain states occur in an emotional context.
There was no difference in valence for pain and positive images between SCI and healthy. It
has also been explained that the loss of peripheral information does not necessarily decrease

the subjective experience of emotions.

To conclude, a R side bias was not seen in persons with SCI, but a UL bias was
found. This implies that interoception plays a role in motor output and imagery processes
since the interoceptive feedback for the L and R sides in SCI are the same, but for UL and LL
are different. Comparisons with the healthy participants further substantiated our conclusions
that interoceptive feedback and body representation influence motor performances and
imagery. We also found BMI higher amongst chronic SCI with prolonged interoceptive
feedback deficits. A side bias in reported pain was not observed in SCI. However, amongst a
background of mixed evidence for the role of interoception on affect, our results did not show

any influence of interoception on affect in SCI.
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