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أذيَّاتُ ذيلِ الفرسِ الرَّضِّيَّةُ: مقاربةٌ جراحيَّةٌ جديدةٌ

When interpreting the clinical manifestations of traumatic cauda equina injuries, discussion often centers on the compressive, lacerating action and the subsequent inflammatory cascades of the traumatic force. However, medical understanding does not mandate exclusivity here. All these mechanisms remain insufficient to explain the wide spectrum of clinical presentations of these injuries, as well as the differences in spontaneous progression from one case to another. Occasionally, a rare coincidence brings forth a case that defies your ability, using both your personal knowledge and the entirety of medical literature, to formulate a comprehensive picture of its pathological events. Conventional explanations prove futile. Fortunately, this time, I say, the atypical cases can illuminate uncharted territories and unlock mysteries that have remained sealed puzzles for many decades.
This involves a patient in his third decade of life. His traumatic injury might suggest spastic paraplegia, yet his clinical reality tells a different story. From the moment of encounter to the moment of its delivery, including all the pains of its labor, I present the genesis of this idea, highlighting its strengths, guided by the outcome of this patient's condition after the surgical application of its principles.
Case Presentation:
The patient is a 26-year-old male who sustained a gunshot wound to his back at the level of the 9th and 10th thoracic vertebrae (T9, T10). The patient regained consciousness with complete sensory-motor paralysis below the costal margin. Sensation was absent in the perineal area and external genitalia (Saddle Anesthesia). Voluntary control over defecation and urination was lost. Similarly, sexual function and sexual sensation were absent. A suprapubic catheter was placed for urinary drainage.
The patient weighed the options between a colostomy and repeated personal care, opting for the latter. The condition remained unchanged without improvement from the time of injury until the time of surgery, for approximately one full year.
Radiologically, a Multi-slice Computed Tomography (CT) scan of the spine showed no breach of the spinal canal, nor did it reveal any comminution of the essential bony components forming it: the vertebral bodies, lateral pedicles, or posterior laminae.
The injuries were limited to the destruction of the spinous processes of T9 and T10. The spinal canal remained free of any bony or metallic foreign bodies. Fragments of the projectile were scattered within the paravertebral muscle mass. This scattering hindered the possibility of using Magnetic Resonance Imaging (MRI) for better visualization of the spinal cord.
Consequently, and upon reviewing the sequential slices, a personal conviction was formed regarding the integrity of the spinal cord substance and the sturdiness of its protective bony structure; see Figure (1).
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	Figure (1): CT Scan of the Vertebral Column

The bottom-left images (yellow star) show an axial view of the spinal canal at the level of the traumatic injury (T9, T10), demonstrating the absence of any foreign body within the spinal canal—the domicile of the spinal cord under investigation.
The remaining images provide a 3D reconstruction of the vertebral column from four angles, clearly showing the integrity of the spine.



One year after the neurological injury, the physical examination revealed a clear contradiction between the implications of the spinal cord injury in terms of type and location, and the findings of the clinical reality. The absence of active movement, along with the absence of tendon reflexes (Patellar reflex, Achilles reflex) and cutaneous reflexes (Cremasteric reflex), constituted a significant difference between the expected and the actual findings. Superficial sensations, pain, and temperature sense were absent below the costal margin. Sexual function and control over other vital functions (urination and defecation) were also absent.
Clinically, we were facing a lower motor neuron lesion. Therefore, surgical intervention on the cauda equina was decided to release it from potential inter- radicular adhesions between its roots within the thecal sac and/or those tethering the nerve root within the intervertebral foramen.
The surgical intervention was performed on 1/2/2014 (time of injury: 25/1/2013). We began the surgical procedure by removing the posterior arch of the spine at the level of the upper three lumbar vertebrae. The thecal sac was opened longitudinally at this level. The nerve roots forming the cauda equina were visualized. The roots appeared free from each other, with normal color and consistency. However, as preoperatively suspected, each root was found fixed within its own canal in the intervertebral foramen. The nerve roots were released at this level, specifically for the first (L1), second (L2), and third (L3) lumbar roots only. The surgical procedure was not completed by releasing all the nerve roots of the cauda equina for technical reasons. The decision was made to halt the procedure and observe the results of what we had accomplished.
Discussion:
Faced with this discrepancy between the location of the spinal cord injury (T9, T10), which suggests an upper motor neuron lesion, and the clinical picture clearly indicating a lower motor neuron lesion, I leaned towards the presence of an injury at the level of the cauda equina and/or the conus medullaris.
A cauda equina injury cannot be of a lacerating nature due to the absence of any breach of the spinal canal at this level. Therefore, the only remaining pathological mechanism explaining the damage to the cauda equina nerve roots is constrictive and/or adhesive fibrosis.
Fibrosis can occur via one of two mechanisms: either through bleeding within the spinal canal (the more likely scenario), or through pathological changes induced by the violent trauma to the cerebrospinal fluid (CSF) structure. The resorption of the hemorrhagic effusion and/or the filtration of the CSF from its turbidity and suspended particles, along with the accompanying reactive inflammatory action, all contribute to planting fibrosis randomly in multiple locations. The random distribution of fibrotic adhesions explains this great diversity in the spectrum of clinical symptoms. The fibrosis may be located within the thecal sac, adhering the nerve roots to each other, or at the exit of each root from its meningeal sheath at the level of the intervertebral foramina; see Figure (2).
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Figure (2): Cauda Equina

Adhesions can constrict the entirety or bundles of the cauda equina roots within the thecal sac, impeding neural transmission therein.
Similarly, fibrosis can strangulate some or all of the nerve roots at their exit from the thecal sac at the level of the intervertebral foramen.
The yellow circles in the drawing indicate the presumed locations of the pathological events without encompassing all of them. We know that the action of fibrosis is random in its distribution. It may affect the exit points of all nerve roots, or it may affect some and spare others.




Relevant Anatomical Details
Each spinal segment gives off a pair of nerve roots: a dorsal root and a ventral root. The two nerve roots of each specific spinal segment converge to form the corresponding spinal nerve. This point of convergence may be within the space of the intervertebral foramen, as in the cervical spinal nerves. Or, the roots may hold their meeting just before that, as in the rest of the spinal nerves.
Each nerve root exits the meningeal sac accompanied by two extensions: one from the dura mater and another from the arachnoid membrane. These two meningeal extensions form a meningeal sleeve that initially envelops the nerve root and then extends to envelop the corresponding spinal nerve.
The entire neural structure—whether two nerve roots or a spinal nerve—along with the meningeal sleeve, passes through the corresponding intervertebral foramen. This obligatory passage is considered the most critical point in the course of the nerve root. There, the slightest fibrosis or compressive action is capable of completely impeding the function of the nerve root. And since the fibrotic process is random, the distribution and degree of fibrosis will differ from one site to another within the thecal sac. This explains the breadth of the spectrum of clinical symptoms and their asymmetry in cauda equina injuries; see Figure (3).
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	Figure (3): Relevant Anatomical Details, The Meningeal Sleeve

The meninges consist of three layers: the pia mater internally, the arachnoid membrane in the middle, and the dura mater externally.
Each spinal segment gives off a pair of spinal roots. The ventral and dorsal nerve roots of the same spinal segment converge to form the corresponding spinal nerve.
Accompanying each nerve root is a tube from the dura mater and another from the arachnoid membrane. The bi-layer meningeal sleeve surrounds the nerve root and then the spinal nerve, extending with the latter for a short distance.
The entire neural structure, along with the meningeal sleeve, passes through a bony tunnel, the intervertebral foramen. The latter is considered the most critical point in the journey of the spinal nerve. A little fibrosis or a minor compressive factor is capable of completely abolishing the function of the nerve root (red circle).




Surgical Approach and Early Results
Previously, in managing cauda equina injuries, practitioners adhered to a strategy of active monitoring. When surgery was adopted, it was limited to laminectomy, removal of the protruding part of the intervertebral disc (if present), while exercising extreme caution when handling the cauda equina roots. No one had previously attempted to explore the exit points of the nerve roots in search of constrictive fibrosis and/or adhesions compromising the nerve root.
Releasing the nerve roots of the cauda equina requires wide exposure of the thecal sac, at least at the level of the lumbar and first sacral vertebrae. After opening the thecal sac, each nerve root is followed from its origin to its exit via the corresponding intervertebral foramen. We verify the integrity of the nerve root structure (in cases of penetrating traumatic injuries at this level) and its freedom from any adhesions or fixating fibrosis.
The early results of the nerve root release procedure at the level of the first (L1), second (L2), and third (L3) lumbar roots appeared very encouraging. I will not discuss the sensory and psychological gains, despite their richness, as they are subjective signs with emotional dimensions. Instead, I will only discuss the objective, stable, and measurable clinical signs, regardless of the examiner's inclination.
Two months after surgery, movement appeared in the medial (M2) and lateral (M2) thigh rotator muscles. Motor strength also returned to the gluteus maximus (M3), hip flexors (M3), and adductor muscles (M3). Among the reflexes that returned with strength and consistency was the Cremasteric reflex (L2 level).
The patient can now stand spontaneously without assistive devices. Physiotherapy rehabilitation is still ongoing. We will wait for a period of time before proceeding to the second stage of surgery to release the remaining nerve roots of the cauda equina.
Conclusions and Recommendations
Science cannot be reduced, nor can absolute conviction be reached, through a single clinical case. Conversely, a single anomalous case, rich in its elements, can be the detector and guide to many of the body's hidden secrets. I pondered at length over this patient's case, and the clear contradiction between the site of the mechanical action of the projectile (T9, T10) and the location of the resulting functional deficit (below L1) preoccupied me.
Matters only became clear by assuming injury to the cauda equina. Similarly, the injury could only be fibrotic due to the absence of any mechanical breach of the protective vertebral column. Given the frequency of peripheral nerve injuries addressed similarly, the theory of nerve root fixation at its exit from the thecal sac at the level of the intervertebral foramen seemed most probable. And indeed, this was the case. The exposed nerve root exits appeared fibrotic and narrow. A simple release of these exits was sufficient to resolve a devastating problem that had lasted a full year. The rapid clinical improvement specifically in the segments of the released nerve roots (L1, L2, L3), and not others, further strengthens this conviction.
Therefore, based on these findings, a proactive surgical approach is strongly recommended over watchful waiting. Specifically, surgical intervention is indicated in cauda equina injuries under the following circumstances:
1.  In every traumatic injury of the spine where the clinical reality contradicts the topographical implications of the mechanical action of the traumatic force (as in our case).
2.  Whenever the traumatic force, directly or through one of its products (e.g., a bony or metallic fragment), penetrates the spinal canal at the level of the first lumbar vertebra (L1) or below. Especially since we know the possibility of suturing the cauda equina nerve roots with direct microsurgical suturing or using a nerve graft.
3.  In old traumatic injuries of the cauda equina, we should not be content with laminectomy and/or removal of a protruding disc, but must explore the entire course of the cauda equina nerve roots from origin to exit. In this regard, we ensure the freedom of movement of the nerve root within its meningeal sleeve as well as through the intervertebral foramen.
..................................................................................................
Currently Under Study:
1.  I am currently studying the possibility of using the 1st Coccygeal Root (Co1) to graft other nerve roots of the cauda equina. If the loss of nerve root substance is greater than the compensatory capacity of the first coccygeal nerve pair (Co1), the fifth lumbar nerve root (L5) can be utilized. The study aims to replace traditional peripheral nerve grafts, which have poor yield due to the predominance of connective tissue in their structure, with the first coccygeal root, due to its richness in neural tissue over connective tissue on one hand, and its low clinical significance on the other, or the fifth lumbar root when necessary, even at the expense of a foot drop.
2.  Using an endoscope to release the nerve roots of the cauda equina. The endoscope can access the inside of the thecal sac through a small window. The endoscope has both diagnostic and therapeutic roles simultaneously.
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