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Basic Ligament 
Physiology

About this Chapter

This chapter explores ligament injury and healing, shedding light on the clinical diagnosis 
and treatment options. Ligaments can sustain damage not only from sudden, high-impact 
events like car accidents, but also from repetitive stresses over time, such as poor posture or 
prolonged periods of specific activities. This chronic stress can lead to ligament deformation 
known as creep, contributing to joint instability in various parts of the body.

 

The severity of ligament injuries is classified into 3 grades: Grade 1 for mild injuries, Grade 2 
for moderate injuries involving partial tears, and Grade 3 for complete tears. Understanding 
the extent of the injury and the types of forces the joint is subjected to is essential in 
determining a curative treatment.

 

Treating ligament injuries is vital because ligaments do not heal well on their own due to 
their limited blood supply, giving them a disadvantage to repair efficiently. Prolotherapy is 
the ligament treatment of choice because it directly stimulates cellular repair at the injection 
sites. As ligament integrity is renewed and stability is restored, joint swelling and other coping 
mechanisms resolve, breaking the degenerative cycle.
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Mechanical and Physiological Properties 
of Ligaments

Ligaments are viscoelastic structures with unique 
mechanical properties. Ligaments are pliant and flexible 
tissues, allowing for natural movement of the bones to 
which they attach, yet are strong and inextensible when 
resistance to applied forces is needed. Ligaments are able 
to do this because their collagen fibers are arranged in 
multiple directions and, under the microscope, appear 
undulated or wavy along their length. This multi-
directionality gives ligaments a property known as 
crimping, whereby the fibers are aligned in a wavy pattern 
when the ligament (and thus the joint) is relaxed, but 
become straighter when the ligament is stretched. (See 
Figure 2-3.) Crimping allows the ligament to elongate 
without sustaining structural damage,1 and in doing so, 
the ligament becomes stretchable when needed, yet still 
remains strong. Although ligaments generally sustain 
tensile loads in one predominant direction, they are able 
to handle stresses in other directions, primarily because 
of their wavy, interlaced pattern of collagen fibers and 
their crimping behavior.

Ligaments have important functions, including 
transmitting loads from bone to bone, mediating 
motions between opposing fibrocartilage and cartilage 
surfaces, acting as a joint-force sensor, maintaining joint 
congruency, and preventing excessive joint motion. A 
ligament functions much like a coil spring, which is 
capable of handling amazing amounts of force without 
deforming, whether it is compressed or extended. This 
is important, as typical motions that the body undergoes 
daily are usually compressive and extensive and do not 
typically involve shear or torsional forces. 

Figure 2-1: Inherent stabilities of various joints of the body. 
Typical joint motion is inversely related to joint stability. The less 
stable a joint, the more motion is available.

Inherent Stabilities of 
Various Joints of the Body

Figure 2-2: Factors that affect joint stability. Degeneration or a 
change in strength in any of these structures can produce joint 
instability.
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Figure 2-3: Schematic diagram of the structural orientation of the 
fibers of ligaments under tension (A) and ligaments relaxed (B).
Adapted from: Snell RS. Clinical and Functional Histology for Medical Students. Boston, MA: Little, 
Brown and Company;1984.

The purpose of the musculoskeletal system is to 
facilitate muscle action and body movements 

while protecting vital organs, nerves and blood vessels. 
There are 360 joints in the human body, and each is 
uniquely designed to provide the necessary motion and 
stability to function correctly. In general, when more 
stability is required for weight bearing, less motion is 
available. (See Figure 2-1.) For instance, consider the 
difference between the hip and shoulder, both of which 
are ball and socket joints. The socket of the hip is much 
deeper than the socket in the shoulder and encompasses 
more than twice the area of the ball. The hip is one of 
the largest joints in the body and is a major weight-
bearing joint, bearing up to 5 times one’s body weight 
during walking.1 Thus, it is much more stable than the 
shoulder. In contrast, the shoulder is the most dynamic 
and mobile joint in the body and acts in conjunction 
with the elbow to position the hand in space.

The more intrinsically stable a joint is, such as the 
hip, the more it relies on bone and joint architecture 
(shapes of the bones). Intrinsically mobile and less stable 
joints, such as the shoulder, upper cervical spine and 
ankle, rely much more on the ligaments for stability. 
Besides joint architecture and ligament strength, there 
are other factors that can affect joint stability, including 
the joint fluid, joint capsule, muscles, and other 
supporting tissues (fibrocartilage and tendons). (See 
Figure 2-2.) However, disease or injury to any of the 
joints in the body can cause them to become unstable, 
resulting in acute pain and ultimately, in chronic pain.
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Ligaments can elongate 10-25% from their 
original, relaxed length.2,3 As a ligament is put 
under a force, it can elongate to a point where it 
becomes permanently overstretched*, and if the 
force is not released, the ligament will completely 
fail or tear. (See Figure 2-4.) The Prolotherapy 
zone, or the time at which Prolotherapy is needed, 
is when the ligament is at the point of becoming 
permanently overstretched but has not become 
completely torn. Treatment with Prolotherapy can 
dramatically strengthen ligaments4 and is the only 
effective way to reverse the ligament’s overstretched 
state. (See Figure 2-5.)

The degree to which a ligament can become 
damaged depends on the magnitude, direction and 
speed of the force put on the tissue. Ligaments can 
typically handle a great deal of compressive force 
but are less able to withstand extension forces, 
especially if they are rotational or shear forces. This 
is why walking on a flat surface is unlikely to make 
someone’s knee hurt since compressive forces are at work 
in that case, but walking on uneven ground would make 
the inside of this same knee painful, simply because the 
forces exerted on the ligament are rotational or shear in 
nature. 

Because of the great forces involved in a car accident, 
it is rather apparent how ligaments can be damaged 
from a whiplash injury. Most people do not realize, 
however, the amount of ligament damage that can occur 
with repetitive forces, such as when the head is held in a 
forward posture for long periods of time reading a book, 
texting, or working in front of a computer. In these 
cases, the ligaments in the neck are experiencing creep, 
or deformation, while undergoing a constraint load. 
(See Figure 2-6.) Creep is defined as the deformation or 
elongation of a ligament over time under a constant load 
or stress. Ligament injury from the creep phenomenon 
involving a low load over an extended period of time is 
one of the main causes of joint instability all over the 
body.

Ligament Healing
Ligaments are hypovascular, meaning they have 

a low blood supply and heal poorly, appearing white 
compared with the surrounding and highly vascularized 
red-colored muscles, which heal with little or no 
treatment. Although ligaments heal poorly, they heal in 
the same manner as other musculoskeletal soft tissues 
through a specialized sequence of overlapping, but 
distinct cellular events. This ligament healing cascade 
can be categorized by three consecutive phases that occur 
over time: the acute inflammatory phase, the proliferative 
or regenerative/repair phase, and the tissue-remodeling 
phase. (See Figure 2-7.) If anything disrupts any of these 
phases, ligament healing will be incomplete. Rest, ice, 
anti-inflammatory medications, narcotics, corticosteroid 
shots and too much strain on the ligament during the 
healing process have all been shown to contribute to 
long-term pain from incomplete recovery of ligament 
strength. Depending on the extent of the damage, the *If Prolotherapy treatment is not given.

Prolotherapy-
injected 

ligaments

Saline-injected 
ligaments 
(control)

% 
Change

Ligament mass (mg) 132.2 89.7 47

Ligament thickness (mm) 1.01 0.79 28

Ligament mass (mg/mm) 6.45 4.39 47

Junction strength (N) 119.1 93.5 27

The Effects of 5 Prolotherapy Treatments on 
the Medial Collateral Ligament

Figure 2-5: Prolotherapy causes a statistically significant increase in 
ligament mass and strength as well as bone-ligament junction strength. 
Adapted from Liu Y, et al. An in situ study of the influence of a sclerosing solution in rabbit medial collateral 
ligaments and its junction strength. Connect Tissue Res. 1983; 2:95-102.
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Figure 2-4: Load-elongation curve of cadaver human  
anterior cruciate ligament. As the ligament is stretched at a 
physiologic strain rate, damage begins at 5 mm of elongation 
(stretch) and completely tears at 7 mm. The Prolotherapy zone 
(areas 2 and 3) is the point where Prolotherapy is able to repair 
the ligament damage so that complete joint stabilization results. 
If complete failure of the ligament occurs, surgery is typically 
required.

Used with permission from: Nordin M, et al. Basic Biomechanics of the Musculoskeletal System. 4th 
Edition. Lippincott Williams & Wilkins. Baltimore, MD. 2012.

Prolotherapy zone
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whole process of healing can take anywhere from weeks 
to months and, sometimes, even years to complete. 
Unfortunately, once ligaments are stretched beyond a 
certain point, they do not regain their normal power 
and length, both of which are needed for a joint to 
function normally and become stable again. Injured 
ligament structure is replaced with tissue that is grossly, 
histologically, biochemically and biomechanically similar 
to scar tissue.5,6  (See Figure 2-8.) Because of their poor 
blood supply and healing ability, ligaments (and tendons) 
with moderate or severe injuries need Prolotherapy to 
stimulate their repair. (See Figure 2-9.) A mild ligament 
injury or sprain is classified as grade 1, a moderate 
ligament injury involving a partial tear is grade 2, and a 
complete tear is grade 3. (See Figure 2-10.)

The signs and symptoms of ligament injury can 
include weakness, pain, cracking in the joint, along with 

chronic pain, joint swelling and muscle spasms. (See 
Figure 2-11.) The pain of even mild ligament injuries 
can be severe because of the high concentration of nerve 
endings in ligament tissues. (See Figure 2-12.) As such, 
ligaments act as the sensory organs of the joints by 
releasing pain signals to tell the brain what is going on 
in and around the joint. (See Figure 2-13.) Chronic pain 
such as this almost always has a ligament component, 
and it is often the predominate factor. Articulate 
cartilage is devoid of nerve endings, so joint pain never 
originates from this tissue!

Ligaments are the primary passive joint stabilizers 
for most joints, whereas muscles are the functional or 
dynamic joint stabilizers. The two are connected by the 
ligamento-muscular reflex. The ligaments were never 
meant to stabilize joints by themselves. Weakness in 
muscles puts more responsibility on the ligaments to 

Figure 2-6: Forward head posture from hours of computer work and texting can result in cervical ligament laxity. Ligaments, when 
subjected to a constant stress, display creep behavior—a time-dependent increase in strain in which ligaments slowly “stretch out” over 
time. Creep most commonly occurs from a forward head posture while doing computer work or looking at a smartphone. Once the 
ligaments become lax, the muscles contract to give support, but this causes chronic neck pain and headaches. While proper posture is 
important to prevent neck ligament laxity from occuring, Prolotherapy can resolve a person’s pain.

Figure 2-7: Ligament and tendon tissue repair timeline. 
Prolotherapy treatments are typically done every 4 to 6 weeks to 
stimulate the normal inflammatory healing cascade for tissue repair. Figure 2-8: Difference between normal ligaments and scars.

Normal Ligaments Ligament Scars
• Bimodal (large) collagen fibrils
• Cell and matrix turnover low
• Collagen aligned
• Collagen densely packed
• High matrix-cell ratio
• Low cell density
• Mature collagen cross-links
• Primarily collagen I
• Primarily small proteoglycans
• Rare cell division

• Cell and matrix turnover high
• Collagen disorganized
• Flaws between fibers
• Higher cell density
• Immature collagen cross-links
• Larger proteoglycans
• Lower matrix-cell ratio
• More cell division
• More collagen III
• Smaller collagen fibrils
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maintain joint stability and vice versa. This is one reason 
an exercise program with a coach, personal trainer or 
physical therapist to strengthen the muscles will expedite 
healing while undergoing Prolotherapy. 

The Body’s Acute Responses to Ligament 
Injury

As discussed earlier in the chapter, ligaments serve 
numerous important functions, including transmitting 
loads from bone to bone, mediating motions between 
opposing fibrocartilage and cartilage surfaces, acting as 
a joint-force sensor, maintaining joint congruency, and 
preventing excessive joint motion. Basically, the various 
functions of ligaments have one common principle: 

to maintain even stress across the joint surfaces. One 
of the primary functions of ligaments is to ensure that 
the stress placed across the joint surfaces goes across 
the joint evenly and is distributed over as large an area 
as possible. Joint surfaces refer to articular cartilage 
and fibrocartilage, the latter of which consists of the 
labrum and menisci. A joint and its surfaces can handle 
the maximum amount of pressure, force, and stress 
when these loads are distributed as evenly as possible 
and over the greatest amount of area. However, when 
a ligament is injured, the joint forces are suddenly 
concentrated on one area of the joint. This predisposes 
the joint surfaces to breakdown and injury. To more 
evenly distribute these forces while the ligament is going 
through the three phases of healing, the body causes 
the joint to swell. This creates extra joint fluid that helps 
to distribute the forces within the joint more evenly and 
temporarily stabilizes the joint. Therefore, if a person 
tries to prematurely reduce the swelling (amount of 
joint fluid) with ice, anti-inflammatory medications, or 
corticosteroid shots, they are actually taking away the 
body’s ability to protect itself. Without the protective 
effect of the extra joint fluid from swelling, the forces 
across the articular cartilage, labrum, and menisci will 
be concentrated at one particular point, eventually 
causing cartilage fibrillation and cracking. When pieces 
of cartilage become loose, they fall into the joint and are 
known as loose bodies.  The presense of loose bodies, 
or loose pieces of cartilage in the joint, is a sign that the 
joint has experienced too much pressure. 

Joint swelling has a purpose. It is the body’s attempt 
to stabilize the joint and distribute the forces within the 
joint evenly, among other benefits during healing. (See 
Figure 2-14.) However, following the RICE protocol 
(rest, ice, compression, elevation) and taking NSAIDs 
(non-steroidal anti-inflammatory drugs) or corticosteroid 
shots stops the swelling in the joint over the short term, 
but leaves the joint vulnerable to further injury. Why? 
The reason is because the joint instability remains. 

The instability causes 
extraordinary forces 
to be exerted onto 
very small sections of 
the articular cartilage, 
labrum, and menisci, 
accelerating the arthritic 
process.

Figure 2-9: Treatment options for various  
musculoskeletal injuries.

*These therapies have been shown to be effective for other conditions than those stated here.

Figure 2-10: Grading of ligament injury severity. Grade 1 and 2 ligament injuries are successfully treated 
with Prolotherapy. Grade 3 injuries (complete ligament tears), however, often need surgery.
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Figure 2-14: The many benefits of joint swelling.

The Many Benefits of Joint Swelling
• Alerts the body of an injury.
• Cushions the articular cartilage.
• Evenly distributes pressure in joint.
• Important signal to gauge activity level and treatment.
• Indicates level of healing.
• Promotes joint stability immediately after injury.
• Promotes stability in joint upon reinjury.
• Stimulates the healing cascade.

Healing an Acute Injury
Acute ligament injuries almost always result in 

joint swelling. These injuries also cause severe muscle 
spasms and tightness, especially when the spinal capsular 
ligaments in the lower back and neck are injured. Like 
joint swelling, muscles spasms are the body’s response 
to stabilizing an unstable joint and dissipating pressures 
across the joint. It is common for people to take strong 
muscle relaxers to relieve chronic spasms, and similarly 
to undermining joint swelling by using the RICE 
protocol or NSAIDs, this can have a detrimental long-
term effect on ligament healing. For instance, if a spinal 
capsular ligament is damaged and the body has to recruit 
muscles to hold the vertebral joint in place and dissipate 
pressure while the ligament heals, stopping the muscle 
spasms is going to be damaging to long-term healing 
of the injured ligament. So what is a person to do after 
sustaining an acute ligament injury that causes severe 
pain along with joint swelling and/or muscle spasms? 
Limp on the injury.

Limping or putting pressure on the injured ankle, 
for example, will help it heal. Follow the MEAT protocol. 
MEAT stands for Movement, Exercise, Analgesics 
and Treatment. (See Chapter 4.) This aides in the 
inflammatory process, as inflammation is defined as the 
reaction of vascularized, living tissue to local injury.7 The 
MEAT protocol stimulates blood flow which provides 
inflammatory cells and compounds that are crucial to 
the repair of injured musculoskeletal tissues. Joints need 
motion without stress after injury. Many of our patients 
do deep water running, which is one of the best ways 
to get motion without stress. Some swim in a pool or 
cycle. As the injury heals they progress to more advanced 
exercises.  

Heat is indicative of joint swelling. Immediately 
after an injury, heat is produced in the joint. As a 
Prolotherapist, this is helpful to guide the therapy in 
order to allow patients to get back to work and activities 
quickly. Injection solutions can be modified to stimulate 
healing, but not promote more pain and swelling.* 
Once the heat is eliminated from the joint, then more 
“inflammatory” solutions can be used. Patients can 
receive Prolotherapy immediately after injuries. As 
for more severe injuries, Prolotherapy can speed up 

Figure 2-11: Signs and symptoms of ligament injury.  
A ligament is not completely healed until these signs and symp-
toms are resolved and the person has restored function. To 
ensure that complete healing has occurred, an evaluation by a 
Prolotherapist is recommended.

Signs and Symptoms of Ligament Injury
• Cracking in joint 
• Excessive motion 
• Inability to exercise 
  at pre-injury level 
• Ligament tenderness 
• Muscle spasms

• Numbness 
• Pain 
• Recurrent sprains 
• Restrictive motion 
• Swelling 
• Weakness

Figure 2-12: Nerve endings in ligaments. The firing of these 4 
types of nerves when the ligament is under too much tension is 
what gives rise to the pain and many other symptoms associated 
with joint instability.

Adapted from: Freeman MAR, Wyke BD. The innervation of the knee joint. An anatomical and 
histological study in the cat. J Anat (Lond). 1976;101:505. Polacek P. Receptors of the joints. Their 
structure, variability and classification. Acta Fac. Med. Uni. Brun. 1966;23:1:107.

Ligaments as a Sensory Organ

LIGAMENTS

Tension/Stretch

Muscle Contraction to
Preserve Joint Stability

Passive & Functional
Joint Stability

Ligamento-muscular 
Reflex

(Ligament > afferents
motor neurons in muscles)

Sensory
Properties

(Ruffini, Pacinian, Golgi
Free Nerve Endings)

Mechanical
Properties

Figure 2-13: Ligaments as a sensory organ. 

Basic organizational plan adapted from: Johansson H, et al. A sensory role for the cruciate 
ligaments. Clin Orthop Rel Res. 1991;268:161-78.
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healing many-fold, so athletes can receive Prolotherapy 
treatments right away if they do not want to be out 
of competitions for months. This is especially true for 
meniscus and labrum tears when their team orthopedist 
says surgery is needed! The earlier a patient starts 
treatment, the quicker he or she gets back on the field!

Swelling in the joint is also a guide as to how much 
exercise to do and how to proceed. Athletes can check 
the temperature of the injured joint before, during, 
and immediately after exercise. If the joint becomes 
warmer during the exercise, this means that the exercise 
is causing the joint to move into an unstable position, 
producing joint swelling (the body’s attempt to stabilize 
the joint) and thus, this particular exercise is inhibiting 
and not stimulating healing. These same guidelines 
are given after Prolotherapy. Exercise is intended to 
put stress on muscles, not on joints or ligaments. It is 
definitely possible for an athlete to experience setbacks 
just because of pushing the exercise too much after an 
injury. After an injury or after Prolotherapy, we do not 
want our patients to push exercise to the point where the 
joint feels hot. New heat sensations in the joint mean the 
joint is swelling because the activity or exercise put the 
joint and ligament in a compromised, unstable position; 
this will inhibit, not help, healing! Exercise that causes 
sharp pains should also 
be curtailed because sharp 
pain is injury pain! A dull 
pain with exercise is okay, 
as long as it goes away 
within two hours after 
exercise has stopped. If it 
does not subside, it means 
the exercise put too much 
pressure on the joint and 
joint structures. As you can see, receiving treatments that 
stop joint swelling or continuing exercises that cause it 
could have major negative effects on joints, promoting 
osteoarthritis instead of slowing its progression!

Joint swelling indicates that the joint is unstable. The 
injured person has two choices: change the chemistry 
that is causing the joint swelling or treat the cause of the 
chemical changes, which is joint instability. Ligament 
injuries, the underlying cause of joint instability, can 
only heal if allowed to heal. Prolotherapy treats the 
the ligaments and joint instability. Without treating 
the joint instability, even if modern medicine comes 
up with a medication concoction that blocks 80 of 
the 100 substances that cause joint swelling, there will 
still be 20 left because the cause of the joint swelling 

will remain. The best way to approach life is to always 
solve the underlying cause of the problem vs. a band-
aid approach. Medications for joint stability are just a 
bunch of band-aids. These band-aids, even if successful 
at giving pain relief, allow the underlying degenerative 
disease process to continue because the joint instability 
is never resolved. When people treat pain with 
corticosteroid shots or anti-inflammatories, this removes 
the body’s protective mechanisms which includes joint 
swelling. When activities such as exercise are restarted, 
the degenerative process is accelerated as the body 
cannot protect itself because the dampening effect of the 
medications prevent it from knowing that there is joint 
damage and pain. This leads to a vicious cycle whereby 
further damage, stronger medications and invasive 
procedures, such as arthroscopies and joint replacements, 
are needed to relieve the pain. 

Prolotherapy is the best treatment option for patients 
wanting to avoid joint replacement because it gets at the 
root cause of the joint swelling, which is joint instability 
caused by injury to one of the white structures, including 
the ligaments, meniscus, or labrum. Once the injured 
joint structures are repaired, joint swelling is eliminated 
and the degenerative cycle is stopped. Once the joint 
swelling is eliminated, the patient can exercise without 

hesitancy and be 
confident of returning 
to a healthy and normal 
lifestyle. This gives peace 
of mind and where there 
is peace of mind, there is 
health.

* Prolotherapy solutions with a dextrose concentration of 10% or less are 
noninflammatory.

The best way to approach life is to always 
solve the underlying cause of the problem, 

vs. a band-aid approach.
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