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Introduction

Introduction

Total knee arthroplasty, also known as total
knee replacement, is one of the most commonly
performed orthopedic procedures. As of 2010, over
600,000 total knee replacements were Dbeing
performed annually in the United States and were
increasingly common. By 2030, the incidence of TKR
in the United States is expected to increase by more
than 6-fold. (Gregory M. Martin. 2014). Whereas, more
than 70,000 knee replacements are carried out in
England and Wales each year, and the number is
rising. Most people who have a total knee
replacement are over 65 years old.

The rising prevalence of total knee arthroplasty
IS necessarily associated with a rise in the concern of
performing an adequate postoperative pain
management following this procedure. Not only
ethical and humanitarian aspects are against
inadequate management of severe postoperative
pain, it may also lead to many consequences such as
compromised immunity, increased oxygen demand,
higher strain on cardiovascular system, prolonged
hospital stay and hospital readmission. (Aditya V.
Maheshwari, et al. 2009). Moreover, effective treatment
of postoperative pain continues to be a challenge
because it influences the surgical outcome and for
prosthetic joints pain management is a must for early

mobilization and functionality of the new joints.
(Denisa Madalina Anastase, et al. 2014).
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A variety of pathologic conditions affecting the
knee can be treated with total knee arthroplasty,
leading to pain relief, restoration of function, and free
painless mobility. Osteoarthritis of the knee accounts
for more than 90% of total knee replacements.
(L. Stefan LOHMANDER. 2013). Osteoarthritis is
commonly a Dbilateral pathology which requires a
bilateral intervention. This is sometimes associated
with the patient's refusal to perform a total knee
replacement for the second leg if he/she experienced
inadequate or prolonged postoperative pain.

However, approximately half of total knee
replacement patients present with extreme pain
immediately after surgery. (Korean knee Society, 2012).
Variable methods and interventions can be used
individually or in combination with each other to
achieve adequate levels of pain control that helps to
reach the patient’'s satisfaction and relief. For
instance, Patient controlled intravenous analgesia
(PCIA) would be one of the major choices for patients
receiving  general anaesthesia  especially  when
regional anaesthesia or peripheral nerve blocks is
contraindicated. On the other side, patients who
received regional anaesthesia would be strong
candidates for neuroaxial analgesia such as epidural
analgesia or continous peripheral nerve blocks such
as continous femoral nerve block or three in one
blocks. Even when no difference in pain scores is
reported  between the systemic and regional
analgesia, patient satisfaction scores still favors
continuous femoral nerve block compared with

2
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intravenous patient controlled analgesia. (Alan J. R.
Macfarlane, et al. 2009).

During the last couple of decades and
especially the last few years, major technological
breakthroughs that have the potential to significantly
advance the field of postoperative analgesia have
occurred and are still progressing. The advances in
this field included opioids with prolonged action and
with easier administration formulas. For example,
extended action epidural morphine and transdermal
fentanyl are some of these new formulas. Others
include the use of various non-analgesic substances
as adjuvants, major examples are ketamine, some
anticonvulsants such as gabapentin and alpha 2
agonists such as dexmeditomedine. In addition,
Patient-controlled regional analgesia (PCRA)
encompasses a Vvariety of techniqgues that provide
effective postoperative pain relief without systemic
exposure to opioids. Using PCRA, patients control the
application  of pre-programmed doses of local
anesthetics, most frequently ropivacaine or
bupivacaine (individually or in combination with an
opioid). (Nalini Vadivilu, et al. 2010).



Physiology of Knee Pain

Chapterl
Physiology of Knee Pain

1.1.Definition of Pain 1.4.Modulation
1.2.Peripheral Transmission 1.5.Reflex responses
1.3.Central Transmission 1.6.Conclusion

1.1. Definition of Pain

Pain is defined by the International Association
for the Study of Pain (IASP) as “an unpleasant
sensory and emotional experience associated with
actual or potential tissue damage or described in
terms of such damage. (Bonica JJ. 1990) Thus pain
has objective, physiologic sensory aspects as well as

subjective emotional and psychological components.
(Chaplan SR, Sorkin LS. 1997).

The term “nociception” (Latin — noci = harm or
injury) is used only to describe the neural response to
traumatic or noxious stimuli. (Merskev HM. 1979).

1.2. Peripheral Transmission:

Peripheral transmission of pain consists of
production of electrical signals at the pain nerve
endings (Transduction) followed by propagation of
those signals through the peripheral nervous system
(Transmission). (Behbehani MM. 1995)
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1.2.1. Transduction:

The primary sensory structure that
accomplishes transduction is the nociceptor. Most
nociceptors are free nerve endings that sense heat,
mechanical and chemical tissue damage. Several
types are described:

a) Mechanoreceptors, respond to pinch and
pinprick.

b) Silent nociceptors, which respond only in the
presence of inflammation.

c) polymodal mechanoheat nociceptors, The
last are most prevalent and respond to
excessive pressure, extremes of temperatures

(>42 0C and <18 oC), and algogens (pain
producing substances).

Polymodal nociceptors are slow to adapt to

strong pressure and display heat sensitization. (Raja
SN, et al.1997) (Sosnowski M, et al.1992).

Vanilloid receptor-1 (VR-1) was isolated from
the sensory neurons. Vanillins are a group of
compounds, including capsaicins that cause pain.
The VR1 receptors not only respond to pain but also

(o]
to protons and to temperatures >43 C. Moreover
receptor, VRL-1, which responds to temperatures

(0]
above 50 C but not to capsaicin, has been isolated
from C fibers. (Carl C Hug, Jr In. 2002) .

Intact hyaline cartilage is completely free of
nerve fibres. Therefore intact aneural cartilage cannot
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be a source of pain. (Witonski D & Wagrowska-
Danielewicz M. 1999). The patello femoral joint appears
to be very sensitive to pain due to the high number of
free nerve endings in different structures. The highest
numbers are found in the quadriceps muscles, with
significant numbers also in the retinacula, patellar

tendon and synovium. (Biedert RM & Sanchis-Alfonso V.
2002 ).

1.2.2. Transmission:

The knee joint is supplied by various peripheral
nerves which include the femoral (L,34), oObturator
(L2345), and sciatic nerves (L45,S123). (Brian Catlin, et
al. 2008).

The innervation of the knee joint follows Hilton’s
law, meaning that all of the motor efferent nerves
carry afferent branches from the knee capsule.
(Horner G, Dellon AL. 1994). The innervation of the knee
joint can be divided into two groups; a posterior and
an anterior group. The posterior group is made up of
branches of the tibial nerve and a terminal branch of
the obturator nerve. If necessary, signals from the
posterior capsule and cruciate ligaments are
transmitted to the CNS. The anterior group consists of
branches of the femoral, common peroneal and
saphenous nerves. The femoral nerve divides into the
vastus muscles and the anterior medial joint capsule.
The saphenous nerve innervates the anterior medial
capsule and some sensory branches to the patellar
tendon. The medial side of the patella is innervated
by the nerves of the vastus medialus muscle. The
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