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The Spinal Injury, 
The Pathology of the Spinal shock 

The Pathology of the Hyperreflexia 

How to Improve the Ultimate Outcome of the Spinal Injury? 

" Innovated Conceptions" 

How could a spinal section at the level of the cervical spine (CS) block a spinal reflex 

(SR) that is governed by the first sacral spinal nerve, for example? Obviously, the 

distance between the site of the spinal injury and the conventional neural center 

governing the reflex is so far.  

Moreover, in spite of a non-recovered complete high cervical spine section, how could 

the blocked spinal reflexes come back later? In addition, why the returned reflexes are 

of different characters from the original ones?  

These major questions will be at the core of the following article. Herein, you will find 

out my innovative conception about the actual circuit of the spinal reflexes.  

By adopting this innovative conception, one could clarify all the mysteries contouring 

the spinal shock, and could identify the actual pathology hiding behind the offensive 

characters of the returned spinal reflexes as well.  Moreover, we might finally arrive 

to a certain therapeutic conclusion that may help changing the dark destiny of such 

lesions. 

1. The Spinal Reflex  

1.1 The Conventional Spinal Reflex Circuit 

The conventional circuit of the spinal reflex consists of the lower sensory neuron, the 

lower motor neuron (LMN), and the intermediate neuron. These three major 

components of the circuit reside at the same and/or quite adjacent spinal segments.  

Conventionally, this circuit is named the lower motor neuron circuit (LMNC). 

Directly, the afferent impulse is conducted from the lower sensory neuron to the 

lower motor neuron via the intermediate neuron.   Then, the efferent impulse leaves 

the lower motor neuron toward the effector muscle(s); figure (1). 



 
 
 

 
 

Figure (1) 
The Spinal Reflex 

(Traditional Conception) 
The spinal reflex contains three partners; the sensory neuron (blue circle), the intermediate neuron (violet 
oval shape), and the lower motor neuron (red oval shape). The three elements reside the ganglion of the 

dorsal root of the spinal nerve, the posterior horn, and the anterior horn of the spine, respectively.  
They could be in one or in two adjacent spinal segments.  

The afferent impulse (blue arrow) arrives to the sensory neuron firstly. Then, via the intermediate neuron it 
reaches the lower motor neuron. The lower motor neuron reacts and hence send the motor orders 

(red arrow) to the target organs. 

 

1.2 The Innovated Spinal Reflex Circuit 

I do believe the intermediate neuron of the spinal reflex circuit actually is the upper 

motor neuron (UMN) itself. In such a way, the intermediate neuron (i.e. the upper 

motor neuron) becomes the absolute governor of the spinal reflex. 

The afferent sensory impulses end in the lower sensory neurons. The ascending neural 

tracts conduct the afferent impulses toward the upper sensory centers in the brain. 

The upper neural centers treat the afferent information, and then arrive to a certain 

conclusion. The UMNs receive this conclusion, and in turn decide the appropriate 

motor reflex(s). The efferent motor orders descend to the lower motor neurons 

(LMNs).  Finally, the LMNs execute the motor orders; figure (2). 

Accordingly, the circuit of the spinal reflex should be consisted of the lower sensory 

neuron, the lower motor neuron, and at the middle of the circuit, and at its top 

hierarchy as well, is the upper motor neuron. This newly suggested circuit of the spinal 

reflex is named as the upper motor neuron circuit (UMNC). 

Beyond the early infancy, the LMNC does not exist in a healthy individual. Gradually 

after birth, the UMNs possess the decision-making authority. In such a way, the LMNs 

satisfy executing the descending motor orders only.   
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Figure (2) 
The Spinal Reflex  
"Personal View"  

The afferent sensory impulses (blue arrow) end in the sensory neurons (blue circle). 
The ascending neural tracts conduct the afferent impulses toward the upper sensory centers in the brain. 

The upper neural centers treat the afferent information, and then arrive to a certain conclusion. 
The UMNs receive this conclusion, and in turn decide the appropriate motor reflex(s). 
The efferent motor orders (red arrow) descend to the lower motor neurons (LMNs).  

Finally, the LMNs execute the motor orders. 

 

1.3 The Pathological Lower Motor Neuron Circuit (pLMNC) 

The pLMNC is the innovated term that I frequently use to refer to the pathological 

situation where the LMN takes the decision-making authority instead of the UMN.  

Normally, the LMNC does not exist.  However, when it exists, it indicates the total 

blockage of the descending and the ascending neural tracts and/or the lesion of the 

UMNs in the brain; figure (3). 

  

 
 
 
 

Figure (3) 
The Pathological lower Motor Circuit (pLMNC)  

Personally, I do not believe in the existence of such circuit in the normal persons. 
 However, when it exists, it indicates the total blockage of the descending and the ascending neural tracts 

Spinal Segment 

Sensory Neuron 

(Ganglion) 

Upper Motor Neuron 

Lower Motor Neuron 

Intermediate Neuron 

Spinal Segment 

Intermediate Neuron 

Lower Motor Neuron 

Upper Motor Neuron 

Sensory Neuron 

(Ganglion) 
Sensory Neuron 

(Ganglion) 



and/or the lesion of the UMNs in the brain. The pLMNC is a pathological  anatomical and a functional circuit. 
Unfortunately, its presence worsens the outcome of the spinal injury. 

 

2. The Spinal Shock 

For more simplicity, we will imagine a clinical case of a complete traumatic spinal 

section at the level of the sixth cervical segment (C6). Clinically, the patient will suffer 

from two subsequent phases.  The first phase is the flaccid paralysis phase, and the 

second one is the spastic paralysis phase.  

In the flaccid paralysis phase, all the spinal reflexes under the level of spinal injury (C6) 

are blocked completely. Moreover, all sorts of sensation and voluntary motion in the 

concerned part of the body disappear. 

Afterward, the spastic paralysis gradually dominates the clinical picture. The spinal 

reflexes begin to reappear but in a new character. They become of increased activity 

and of increased tonicity.  

2.1 The Pathology of the Flaccid Paralysis Phase 

The spinal injury disrupts all the descending and ascending neural tracts. 

Consequently, the LMNs below the site of injury are found deprived of any contact 

with the UMNs. Since there are no more descending orders, the LMNs keep silent and 

the flaccid paralysis dominates. For the same cause, the spinal reflexes are completely 

blocked below the site of cervical injury.  

Similarly, the ascending afferent sensory impulses are also blocked at the level of the 

cervical injury. Therefore, the brain loses the sensory information issued from this part 

of body under the level of injury.  

2.2 The Pathology of the Spastic Paralysis Phase 

The LMNs and the sensory neurons (SNs) as well, try to find out some alternative 

pathways in order to overcome this absolute terrible functional silence. Finally, they 

arrive to reactivate the ancient neural pathways that used to connect between them 

in the early infancy. Furthermore, for the same purpose, I do not exclude that some 

new lateral pathways could also be constructed. 

In such a way, the SNs arrive to discharge their burdens of raw data directly into the 

LMNs' field. The LMNs receive these untreated neural impulses as an order to act. 

Subsequently, the LMNs do act but in a pathological spastic way. 

Herein, in the absence of the UMNC, the LMNC reappears and dominates. This is a 

pathological circuit that does not exist but in the case of UMNs injuries. Therefore, 

I call it the pathological lower motor neuron circuit (pLMNC); figure (3).   

The pLMNC is an anatomical and a functional circuit. Unfortunately, its presence 

worsens the outcome of the spinal injury. Actually, when the pLMNC installs it 

precludes the normal function of any recovered UMNC. It is stronger and more 



functional than the recently recovered UMNC. In somehow, it forms a functional 

blockage against the spontaneous and/or surgical recovery of the spinal injury. 

2.3 The Pathology of the Hyperreflexia 

2.3.1 The pathology of the Hyperactivity 

In the spastic phase, why a feeble stimulation of the patellar tendon could provoke 

a violent unproportional contraction of the quadriceps' muscle?  

After a high spinal section, all the ascending and the descending neural tracts are 

completely interrupted. Therefore, the sensory neurons (SNs) below the level of injury 

try to find out some other lateral neural pathways. Finally, the SNs arrive to connect 

with the ipsilateral lower motor neurons (LMNs) at the level of the same spinal 

segment. The SNs throws their entire burden of raw data directly into the LMNs's field; 

figure (3). 

From their side, the LMNs, which are overwhelmed by the unprocessed data and by 

the overdosed charge, exaggerate in their reaction to the stimulant. In turn, the LMNs 

unproportionally overwhelm the effector muscle(s) with the efferent motor demand. 

Consequently, a feeble stimulant could provoke an exaggerated contraction of the 

effector muscles, which is henceforth named a hyperactive spinal reflex. 

Conventionally, this hyperactivity is synonym to the upper motor neuron injuries. 

2.3.2 The Pathology of the Extended Reflex Sector 

In the spastic phase, why the stimulation out of the conventional sector of the spinal 

reflex could provoke the contraction of the effector muscle(s)? 

Upon their efforts to discharge their burdens of raw data, the SNs arrive to 

communicate with the other SNs of the adjacent spinal segments, as well as with the 

LMNs of the same spinal segment. Therefore, the SNs of many spinal segments serve 

together to supply one spinal reflex' circuit. 

Consequently, in addition to the muscle's tendon, the stimulation of the muscle body 

itself and/or the cutaneous coverage could provoke the contraction of the effector 

muscle; figure (4).  



 
 
 
 
 
 

Figure (4) 
The Pathology of the Hyperreflexia 

"Extended Reflex Sector " 
Upon their efforts to discharge their burdens of raw data, 

the SNs arrive to communicate with the other SNs of the adjacent spinal segments, 
as well as with the LMNs of the same spinal segment. 

Therefore, the SNs of many spinal segments serve together to supply one spinal reflex' circuit. 
Consequently, in addition to the muscle's tendon, the stimulation of the muscle body itself and/or the 

cutaneous coverage could provoke the contraction of the effector muscle. 
 

 

2.3.3 The Pathology of the Multiple Responses 

In the spastic phase, why one single stimulation could provoke the contraction of 

many muscles simultaneously? 

Upon their efforts to discharge their burdens of raw data, the SNs arrive to 

communicate with the LMNs of both sides, the ipsilateral and the contralateral sides, 

of the same spinal segment, as well as with the LMNs of the adjacent spinal segments. 

Thus, the SNs of a specific spinal segment could supply the LMNs of many adjacent 

segments.   

Therefore, the stimulation of the right patellar tendon could simultaneously provoke 

the extension of the right knee, the flexion of the right hip joint, and the extension of 

the contralateral left knee as well; figure (5) & (6). 
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Figure (5) 
The Pathology of the Hyperreflexia 

Ipsilateral and Contralateral  Responses 
Upon their efforts to discharge their burdens of raw data, the SNs arrive to communicate with the LMNs of 

both sides, the ipsilateral and the contralateral sides, of the same spinal segment. 
Therefore, the stimulation of the right patellar tendon could simultaneously provoke the extension of the 

right knee, and the extension of the contralateral left knee as well. 
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Figure (6) 
The Pathology of the Hyperreflexia 

"Multiple Responses" 

Upon their efforts to discharge their burdens of raw data, 
the SNs of one segment arrive to communicate with many LMNs in the adjacent spinal segments. 

Thus, the SNs of a specific spinal segment (X+ II) could supply the LMNs of many adjacent segments (X & X+I). 
Therefore, the stimulation of the right patellar tendon could simultaneously provoke the extension of the 

right knee, the flexion of the right hip joint as well. 
 

 

2.3.4 The pathology of the Clonus  

In the spastic phase, why one single stimulation could provoke a series of subsequent 

contraction-relaxation of the same effector muscle(s)? 

Simultaneously, the stimulant could activate many different sensory receptors, 

i.e. the pain receptors, the pressure receptors, etc. The sensory receptors of one single 

sensory neuron (SN) build up their own action pressure wave (APW) and their own 

neural conduction current (NCC). Both the APW and the NCC travel in the lumen of 

the related axon toward the terminal branches of the SN. The velocity of neural 

conduction via the different types of axons, which counts herein. 

The velocity of neural conduction varies from an axon to another. For example, the 

velocity of neural conduction is extremely high in the myelinated axons type alpha, 

moderate in the myelinated axons type delta, and very low in the demyelinated axons. 

Therefore, the afferent impulses from functionally different sensory neurons (i.e. with 

different types of axons) arrive to their destination in different times.  

In normal situation, the final destination of the afferent sensory impulses should be 

the upper sensory neurons (USNs) in the brain. The USNs treat the succeedingly- 

arrived different sensory impulses. Then, the USNs arrive to a certain conclusion, 

which is in turn conveyed to the upper motor neurons (UMNs). The UMNs take the 

appropriate decision. As an efferent motor order, the motor reaction descends toward 

the LMNs in order to be executed.   

However, in the upper motor neuron injuries (UMNIs), the pathological lower motor 

neuron circuit (pLMNC) unfortunately has the occasion to exist. Subsequently, all the 

afferent sensory impulses are directly deviated toward the LMNs. The afferent sensory 

impulses that take, as a neural pathway, the myelinated axons type alpha (for 

example) arrive first. While, the sensory impulses that take the unmyelinated axons 

arrive at last. The earliest arrivals provoke the first muscular contraction. The latest 

ones cause the last muscular contraction. Whereas, the intermediate arrivals provoke 

the in-between contractions of the effector muscle(s).  

Clinically in the UMNIs, one single stimulation to the Achilles tendon could provoke a 

series of subsequent contraction-relaxation of the related muscles (the clonus). The 

clonus could disappear in the case that the rigidity takes place.  

 



2.3.5 The Pathology of the Spasticity 

In the spastic phase, why the patient suffers the continuous muscular contraction 

that could by time induce the rigidity to the affected part of body? 

The lower part of the body below the level of the spinal cord injury is subjected to the 

influence of the pLMNC. The pLMNC is very active and very sensitive. In such a way, 

even the trivial cutaneous stimulations (i.e. a sample touch, a blow of air, etc.) as well 

as the ordinary internal ones (i.e. intestinal movements, intestinal gas, urine and feces 

retention, etc.)  could illuminate the reflexive circuits.  

The permanently activated pLMNCs impose the contraction of both the flexor and 

extensor muscles at the same time. In another sense, the simultaneous contraction of 

the antagonist and agonist muscles is responsible of the spastic situation in the UMNIs. 

2.3.6 The Pathology of the Triple Flex Reflex 

             (a pathological defense reflex) 

In the spastic phase, why the normal defense reflexes such as the withdrawal reflex 

do change their characters?  

Normally, a painful stimulation of the grand toe of foot provokes the dorsal flexion of 

the ankle joint, the knee flexion, and the hip joint flexion simultaneously. These triple 

reactions persist as long as the painful stimulation of the grand toe persists. The 

purpose of the defense reflex is to protect the individual and to keep him (her) away 

off the pain source.  

In the UMNIs, the withdrawal defense reflex changes its characters. In such a way, 

even a trivial unpainful stimulation might provoke the same triple reaction. Moreover, 

the triple response disappears soon regardless of the continuity of the act of 

stimulation. In this case, it is justifiable to change the name of the withdrawal defense 

reflex, and adopt the new term "the triple flex reflex" to show the difference.   

In the normal defense reflex, the upper neural centers in the brain guide all the 

process of the withdrawal defense reflex. They accumulate and treat all the afferent 

raw data. Then, when they suspect such stimulant to be dangerous to the individual, 

they command the effector muscles to contract and keep contracting as long as the 

painful stimulant is in direct contact with the organ. 

Whereas, in the UMNIs, the pLMNC is quite present. Hence, all the afferent sensory 

impulses from the relevant cutaneous sector will directly be deviated towards the 

LMNs. However, the LMNs have not the aptitude nor the experience to analyze such 

unprocessed raw data. The LMNs receive the sum of the afferent as an order to a 

sample act. Herein, the sensory raw afferent has no sense but the sense of an order 

to act. Therefore, the relevant effector muscles do contract, but they do not keep 

contracting.  



In the UMNIs, the decision-making authority is referred to the unskillful LMNs. Since 

there is no afferent data, the brain centers do not feel threatened by the stimulant 

what so ever is the stimulant. Unpurposely, the foot is withdrawn for a while, then it 

is pushed again toward the stimulant, which could be very dangerous. From now on, 

the defense reflexes lose the justification of existence, and are hence deprived from 

the instinctive purpose of protection.   

3. Recommendations 

3.1 In the Flaccid Phase 

For any penetrative injuries to the vertebral column, I recommend an early surgical 

intervention. It is explorative and reparative surgery at the same time.  

It is rare that a penetrative injury to the vertebral column would pass without a serious 

harm to the spinal cord. It is up to the surgery to find out the eventual spinal injury, to 

evacuate all the debris and all the bony sequestrations out of the spinal canal, to 

improve the conditions of the surrounding tissues in order to optimize the process of 

spinal recovery, and finally to ensure the stability of the vertebral column. Moreover, 

I recommend suturing the spinal cord and the spinal nerves whenever it seems 

possible to do so.  

3.2 In the Spastic Phase 

Since the pLMNC is quite present, any attempt to improve the outcome of the spinal 

injuries will be hindered by the well-established strong pLMNC. Therefore, it is 

obligatory to break the pLMNC in order to give a real chance to the upper motor 

neuron circuit to regain the terrain.  

I do believe the lower sensory neuron to be the weakest link of the pLMNC. Therefore, 

all the therapeutical efforts should be concentrated in eliminating this element.  

By the radiofrequency therapy, one could temporarily or permanently paralyze the 

lower sensory neuron. Then, the lower motor neuron will do its best to reactivate the 

ancient neural pathways. Henceforth, one could really test the efficiency of the 

recovery process at the site of spinal injury. It will be a new chance to come back to 

the normality; i.e. the upper motor neuron illuminates the lower motor neuron.  

Herein, the surgical intervention could also be of great importance. The surgery 

removes all the constricting fibrous bands, as well as all the bony sequestrations, out 

of the spinal canal. Thus, some neural pathways could surpass the zone of spinal injury 

and assure the communication between the UMN and the LMN.  

4. Conclusion 

As mentioned above, shortly after the forced absence of the influence of the upper 

motor neuron, the lower motor neuron tries to build up its independent circuit. The 



newly born circuit of the LMN is very active and very sensitive. It stands behind all the 

pathological symptomatology of the spastic phase.  

Moreover, the pLMNC is quite strong. It could preclude the spontaneous natural 

process of recovery as well as those induced by the surgical intervention. In somehow, 

it is a real obstacle to the ultimate outcome of the spinal cord injuries. 

Therefore, in order to improve the outcome of the spinal cord injuries, it is vital to 

prevent the birth of a such pathological lower motor neuron circuit, or to break that 

circuit in the other late cases.   

…………………………………………………………………………………………………………………………………… 

In the same context, one could read: 

• The Neural Conduction (Innovated Conception) 

• Neural Conduction in Neural Fiber (PowerPoint Presentation) 

•  The Sensory  Receptors, The Genius  of Creation and the Beauty of Creature 

(Innovated Conception) 

• The Neural Conduction in the Synapses (Innovated Conception) 

• The Neural Conduction in Synapses (PowerPoint Presentation) 

• The Node of Ranvier, the Equalizer (Innovated Conception) 

• The Node of Ranvier, the Equalizer (PowerPoint Presentation) 

• The Philosophy of Pain, Pain Comes First (Innovated Conception) 

• The Philosophy of Form, (Innovated Conception) 

• The  Spinal  Injury, the  Pathology  of the Spinal Shock, the Pathology  of the 

Hyperreflexia (Innovated Conception) 

• The  Nerve  Conduction  Study, The  Wrong  Hypothesis is  the  Origin  of  

the Misinterpretations (Innovated Conception) 

• The Wallerian Degeneration, Attacks the Motor Axons of Peripheral Nerve, 

while Conserves its Sensory Axons(Innovated Conception) 

• Barr Body, A Mystery in the Origin & Ignorance in the Function (Innovated) 
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