Ligament / Disc Injury Recovery Cycle
(This does not account for micro-trauma or connective tissue injuries)
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I was recently retained as an expert for a personal-injury case, in which a vehicle
was struck from the rear end and forced the victim’s car to hit the vehicle in front
of him. This occurred while the vehicle was stopped at an intersection; this
collision would be defined as a double impact.
Here is the image of his vehicle:

On the surface, the impact looks minor. But this was a hummer after all.
While the property damage was considered “minor”, the victim a 47 year old male
(Front seat passenger) was ejected from his seat and caused his head strike the
windshield thus, throwing back into the drivers seat.
The peer review doctor stated that this victim should have only received limited
treatment because the patient acute phase of injury repair was 48 hours and did not
require more treatment, he recommended 6 treatments max.

RANGES OF RECOVERY ON A 12 MONTH SCALE

The victim sustained a C5-C6 disc herniation; this would obviously require more
than 6 visits. Flattening of the spine with compression would occur when the
victim slammed back into the seat.
Function and Properties of Discs
Cervical discs have the highest proportional height and their nuclei have the
greatest capacity to swell. This allows greater range of motion and shock
attenuation. The outer portion of the anulus is attached by Sharpey's fibers which
may be torn in cervical acceleration/deceleration (CAD) injuries. Discs,
longitudinal ligaments and other adjacent paraspinal soft tissues can be
torn during whiplash trauma
(1-19,1137,1138).
Discs, like all soft tissues in the body, are viscoelastic structures. They display
properties of anisotropy, creep and hysteresis.
1) Anisotropy--the disc's strength and stiffness vary depending on the type and
direction of forces applied.

2) Creep--the disc deforms gradually under a constant load.
3) Hysteresis--the tissue loses energy after repetitive loading and unloading
cycles.
The fluid dynamics of the nucleus in a healthy disc allows for an even distribution
of load over the end plate (20).
Not only was the peer review wrong, crash tests at Spine Research Institute of San
Diego, as well as those of others, have demonstrated a strong vertical acceleration
of the lumbar and thoracic spine during the initial phase of a side-impact crash test
(i.e., the so-called vertical ramping effect). This produces a large axial compressive
force in the lumbar region. This would produce a horizontal (extensile) line of
force, and would coincide with ramping and compression, thus creating injury to
the lumbar facet joints and soft tissue.
Stress Characteristics of Ligaments
Understanding strain characteristics of ligament is crucial for the understanding of
the types of injuries seen clinically (25). Tensile failure loads and maximal
deflection at failure of all cervical ligaments is presented in my textbook [pp 1314] (1402). In isolated collagen fibers, normal loading results in 2-5% strain with
return to resting length following release of tension.

This describes elastic deformation. In isolated collagen fibers, failure occurs at 78% strain.
Beyond this 7-8% strain, ligaments may undergo plastic deformation (i.e., failure
to return to normal resting length). Strain levels of up to 20-40% may be tolerated
in whole ligaments before failure occurs. As we'll see, even higher strains have
been measured in facet capsules experimentally. Very high velocity stretching (as
is seen uniquely with CAD trauma) may preclude the ligament's viscoelastic
properties from protecting it and thus result in plastic deformation and/or rupture
of fiber bundles at lower strain levels.
It was demonstrated in an animal model that ligaments can be loaded to a
subfailure level and be grossly intact, yet functionally deficient (1139).

My argument was based on the fact that the human body will not heal in the
proposed time the peer review suggested. I provide the studies and references as
consideration for your cases and peer reviews you may face.
Phases of Healing
The article I have seen referenced (and personally used in numerous contexts) most
often was published in 1986 in the journal Medicine and Science in Sports and
Exercise by Australian physician John Kellett, MD, and titled (6):
Acute soft tissue injuries–a review of the literature
In this article, Dr. Kellett describes the pathological processes of soft tissue healing
as following three distinct phases:
 Phase 1: the acute inflammatory phase
 Phase 2: the repair phase
 Phase 3: remodeling phase
The phases of soft tissue injury repair are:
Phase 1: The Acute Inflammatory or Reaction Phase
This phase of healing lasts up to about 72 hours. It is characterized by vasodilation,
immune system activation of phagocytosis to remove debris, the release of
prostaglandins and inflammation.
The prostaglandins play a prominent part in pain production and increased
capillary permeability (swelling).
The wound is hypoxic because the blood vessels have been disrupted, but immune
system macrophages perform their phagocytosis duties anaerobically.
Phase 2: The Repair or Regeneration Phase
This phase begins at about 48 hours and continues for about 6 weeks. This phase is
characterized by the synthesis and deposition of collagen, which literally glue the
margins of the healing breach together.
The collagen that is deposited in this phase is not fully oriented in the direction of
tensile strength. Rather, is laid down in an irregular, non-physiological pattern. Dr.
Kellett states:
This phase is “largely one of increasing the quantity of the collagen” but this
collagen is not laid down in the direction of stress.
Phase 3: The Remodeling Phase

This phase may last up to “12 months or more.” Dr. Kellett stresses that the
remodeling phase of healing is critical for establishing the ultimate quality and
functional capabilities of the healed tissues. He states:
“The collagen is remodeled to increase the functional capabilities of the tendon or
ligament to withstand the stresses imposed upon it.”
“It appears that the tensile strength of the collagen is quite specific to the forces
imposed on it during the remodeling phase: i.e. the maximum strength will be in
the direction of the forces imposed on the ligament.” [This could argue for the need
for specific line-of-drive joint adjustments.]
Conclusion
The crash between the 2001 Mitsubishi and the 2004 Hummer is considered to be
very elastic. Due to the utility design of the Hummer it does not absorb energy,
creating more momentum moving it forward at a faster rate of acceleration.
The change of velocity (delta V) experienced by the Hummer was not the same as
its occupant. It appears that the Hummer has very little damage but the occupant
can experience high acceleration. The fact the Hummer has a trailer hitch induces a
22% increase in the acceleration pulse.
Tearing or damage to any connective tissue (including nervous tissue), fracture of
bone, or disc herniation/prolapse/protrusion/disruption can cause neck pain.
Immediate pain often indicates more severe injury, but many disabling injuries
have delayed onset of symptoms. Very early onset of severe pain is sometimes an
indication of disc or ligament injury. The balance of current evidence implicates
paraspinal soft and hard tissue as the chief locus of pain generation. This includes
discs, ligaments, joint capsules, end plates, neural tissue, and the vertebrae
themselves. As mangers, case coordinators we are in the best position to protect
our patients with proper case management and documentation.
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