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Soft Tissue Injections in the Athlete

Jeffrey J. Nepple, MD, and Matthew J. Matava, MD*

Background: Injections into or adjacent to soft tissue structures, including muscle, tendon, bursa, and fascia, for pain
relief and an earlier return to play have become common in the field of sports medicine.

Study Design: Clinical review.

Results: Corticosteroids, local anesthetics, and ketorolac tromethamine (Toradol) are the most commonly used injectable
agents in athletes. The use of these injectable agents have proven efficacy in some disorders, whereas the clinical benefit
for others remain questionable. All soft tissue injections performed for pain control and/or an anti-inflammatory effect have
potentially serious side effects, which must be considered, especially in the pregame setting.

Conclusions: The primary concern regarding corticosteroid and local anesthetic injections is an increased risk of tendon
rupture associated with the direct injection into the tendon. Intramuscular Toradol injections provide significant analgesia,
as well as an anti-inflammatory effect via its inhibitory effect on the cyclooxygenase pathway. The risk of bleeding associ-
ated with Toradol use is recognized but not accurately quantified.
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njections into or adjacent to soft tissue structures (includ-

ing muscle, tendon, bursa, and fascia) for pain relief and an

earlier return to play have become common in the field of
sports medicine. The majority of these agents provide relief
primarily through their local effects (ie, local anesthetics),
although at least one medication, ketorolac tromethamine,
or Toradol (Roche Pharmaceuticals, Nutley, New Jersey), is
a nonsteroidal anti-inflammatory drug (NSAID) that acts sys-
temically as a short-term pain-reducing agent when adminis-
tered via an intramuscular or intravenous route. Some of these
injectable agents have proven efficacy, whereas the clinical
benefit of others remains questionable. All soft tissue injec-
tions performed for pain control and/or an anti-inflammatory
effect have potentially serious side effects that must be con-
sidered, especially in the pregame setting. Intra-articular injec-
tions have also been used in the sports medicine arena, as
extensively discussed elsewhere.?32>%

The purpose of this review is multifactorial: (1) to discuss
the types of injuries encountered by the athlete, as well as the
basic science of injured soft tissue structures; (2) to describe
the acceptable clinical indications for soft tissue injections in
this patient cohort; (3) to outline the agents most commonly
used for this purpose, including their mechanism of action and
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potential complications; and (4) to summarize the published
outcome studies dealing with this often controversial issue.

PATHOPHYSIOLOGY OF SOFT TISSUE
INJURIES IN ATHLETES

The most common athletic injuries involve periarticular bursae,
muscle, tendon, and ligament (see Table 1). Bursitis is inflam-
mation of the fluid-filled sac or potential space that cushions
and reduces friction between bone and overlying muscle or
skin. Muscle injuries most commonly comprise strains and con-
tusions. Muscle strains occur with activities involving eccentric
muscle contraction, such as sprinting and jumping.*** Muscle
contusions are typically the result of blunt trauma, where a
large compressive force is applied to a single area, commonly
occurring in the midmuscle belly. Muscle strains and contu-
sions result in partial disruption of the muscle fibers and, sub-
sequently, in variable amounts of muscle necrosis, vascular dis-
ruption, hematoma formation, and inflammation.”

The repair of muscle injury begins with phagocytosis of necrotic
cellular debris. Fibroblasts convert hematoma into granulation
connective tissue that provides early strength to the muscle.*
Connective tissue scar strengthens by day 10 after injury, as it
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Table 1. Common conditions treated with soft tissue
injections in the athlete.?

Shoulder Subacromial Bursitis

Knee Pes anserine bursitis
Prepatellar bursitis
lliotibial band syndrome
Patellar tendonitis

Hip Trochanteric bursitis
Ischial bursitis
lliac crest contusion (hip pointer)

Elbow Medial epicondylitis
Lateral epicondylitis

Olecranon bursitis

Wrist Carpal tunnel syndrome

DeQuervain’s tenosysnovitis

Hand Trigger finger

Thigh/leg Hamestring strain
Quadriceps contusion/strain

Gastrocnemius strain

Achilles/retrocalcaneal tendonitis

Sinus tarsi syndrome

Plantar fasciitis

Metatarsal phalangeal sprain (turf toe)
Interdigital neuroma (Morton’s neuroma)

Foot/ankle

“Adapted from Dietzel and Hedlund."®

changes from predominantly fibronectin to type I collagen.*’
Finally, the remodeling stage includes maturation of the mus-
cle repair and contraction and reorganization of the connective
tissue scar.”

Tendinopathies are tendon disorders occurring from over-
use.’* The histopathological findings can include paratendinitis
and/or tendinosis.”*” Paratendinitis involves acute edema and
inflammatory cell infiltration: accurately labeled tenosynouvitis
in tendons with true synovial sheaths and peritendinitis in ten-
dons without (eg, Achilles tendon). Tendinous tissue has rela-
tively little vascularity and is not prone to inflammation. The
more vascular structures of the paratenon are generally the
sites of inflammation.

Tendinosis involves focal degeneration of tendon areas with
an associated angiofibroblastic reaction’**™ Tendinosis can
occur with or without paratendinitis (inflammation). Symptoms
may or may not be present with tendinosis. The cause of pain
in patients with isolated tendinosis is unclear. Chronic overuse
of the muscle-tendon structure leads to microscopic and mac-
roscopic tendon injury.® Tenocytes lose their reparative ability,
resulting in the compromise of collagen cross-linking, the
noncollagenous matrix, and the vascular supply of the
tendon>*7 Continued activity results in local hypoxia that
further compromises the mechanical integrity of the tendon.””
Histologically, these chronic injuries have been shown to lack

any evidence of inflammation. " Microscopically, these
injuries are characterized by fiber disorientation and thin-
ning, collagen degeneration, hypercellularity, and vascular
ingrowth.”

INFLAMMATION AND THE HEALING
RESPONSE

Inflammation induced by sports injury is due to disruption of
musculoskeletal tissues by excessive mechanical load or repet-
itive use. Acute trauma results in vascular disruption, tissue
necrosis, and hematoma formation. The extent of the immedi-
ate tissue damage defines the zone of primary injury. Further
edema and tissue hypoxia owing to the body’s inflammatory
response can extend the area of injury to the zone of second-
ary injury.! Both corticosteroids and NSAIDs suppress this
inflammatory response. Theoretically, this has the potential to
limit secondary injury, hasten healing, and allow early rehabil-
itation; however, the importance of the inflammatory response
to complete healing is unclear.®>!

The normal healing process of soft tissue structures has been
shown to consist of four phases: inflammation, regeneration,
remodeling, and maturation.” Inflammation results from a vari-
ety of events, including dilatation of the local vasculature,
increased vascular permeability, exudation of fluids, activation
and release of immunological mediators, activation of humoral
response mechanisms, and leukocytic migration. Free radicals
attack the phospholipase structure of cell membranes, resulting
in breakdown of the cell wall and production of arachidonic
acid metabolites.”* Arachidonic acid is metabolized to a variety
of substances through 2 major pathways.**® The lipoxygenase
pathway results in production of leukotrienes, whereas the
cyclo-oxygenase (COX) pathway results in production of pros-
taglandins, prostacyclins, and thromboxanes.*>®

The COX-1 (constitutional) pathway plays a role in gas-
tric cytoprotection, vascular homeostasis, platelet aggregation,
and kidney function. The COX-2 (inducible) pathway is trig-
gered by the inflammatory response and results in sensitiz-
ing pain receptors, elevating body temperature, and recruiting
inflammatory cells—the cascade of events seen following ath-
letic injury. Prostaglandins (especially prostaglandin E2) are
important in triggering the inflammatory cascade. They also
appear to cause sensitization of afferent pain nerve receptors.”
Prostaglandin inhibition is primarily via the COX-2 pathway.
Thromboxanes (especially thromboxane A2) play a role in reg-
ulating blood vessel tone, causing platelet aggregation and
clot formation. Thromboxane inhibition is primarily a COX-1
effect and is responsible for the bleeding tendency caused by
NSAIDs.2% The inhibition of platelet aggregation is generally
reversible and dose dependent, whereas aspirin irreversibly
binds to platelets, causing longer effects. Corticosteroids and
NSAIDs both suppress inflammation through this cascade but
at different locations. Corticosteroids inhibit phospholipase A2,
which functions in the breakdown of phospholipids to arachi-
donic acid.' Thus, it effectively suppresses the COX and lipox-
ygenase pathways® (Figure 1).
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Figure 1. The inflammatory cascade. Adapted from Shearn.®'

The regeneration stage is characterized by increased cellu-
larity, vascularity, and collagen synthesis. During remodeling,
decreased cellularity is noted with increased matrix produc-
tion. The maturation phase is characterized as the restoration
of normal tissue architecture. Corticosteroid and local anes-
thetics target the inflammatory stage but appear to have some
effect on regeneration, remodeling, and maturation.

CORTICOSTEROIDS

Hydrocortisone acetate was first introduced in the 1949,** and
multiple corticosteroid derivatives have been synthesized from
this basic steroid structure. Hollander”* was among the first to
champion its use, noting that “no other form of treatment has
given such consistent local symptomatic relief in so many for
so long with so few harmful effects.” The use of oral systemic
corticosteroids has constituted an important means of treat-
ing various chronic inflammatory/autoimmune disorders—
notably, rheumatoid arthritis. However, systemic use of corti-
costeroids comes at the expense of a variety of documented
side effects, including hypertension, glucose intolerance,
Cushing’s syndrome, and others.®

Corticosteroid injections have a long history of use in athlet-
ics in that they are used to treat the secondary inflammation
that results from musculoskeletal trauma. However, the role of
inflammation, as an essential step in the healing of musculosk-
eletal injury, has led some to advise caution in the use of corti-
costeroids in musculoskeletal injury. The use of local injectable
intra-articular, intra-bursal, and peritendinous corticosteroids
in general avoids these systemic side effects by targeting a sin-
gle area. The risks and benefits of intra-articular corticosteroid
injections are controversial.**%** Local injections have their own
distinct and potentially serious complications.””

Basic Science of Corticosteroids

Corticosteroids produced in vivo are formed from cholesterol-
building blocks. Corticosteroids are active in the inflammatory
cascade by decreasing production of leukotrienes, prostaglan-
dins, thromboxane A2, and prostacyclin,® and by stabilizing

lysosomal membranes of inflammatory cells, decreasing local
vascular permeability, and altering neutrophil chemotaxis and
function.® Corticosteroids are able to pass through cell mem-
branes and bind to nuclear steroid receptors, where they influ-
ence RNA transcription and subsequent protein production.®*

Clinical Use

To maximize the benefit of injection and avoid complications,
the sports medicine clinician should be aware of the various
corticosteroid agents available and their varying pharmaco-
logic characteristics. Their duration of effect has been shown to
be inversely related to the solubility of the agent.'*» However,
when used for soft tissue injection, low-solubility agents (which
are favored for joint injections) have a high risk of changes in
soft tissue and skin.'*¥ The local dose of corticosteroid is not
proportional to the effect seen, because excess corticoster-

oid not retained by local tissue is absorbed into the systemic
circulation.** Triamcinolone hexacetonide (Aristospan, Sandoz
Inc, Princeton, New Jersey) and triamcinolone acetonide
(Kenalog, Bristol-Myers Squibb Co, Princeton, New Jersey)

are the least soluble agents.®” Betamethasone sodium acetate
(Celestone, Schering-Plough Corp, Kenilworth, New Jersey)
and dexamethasone (Decadron, Merck & Co Inc, Whitehouse
Station, NJ) are the most soluble agents. Some highly solu-

ble agents can be formulated in suspensions that prolong their
duration, such as betamethasone sodium acetate / betametha-
sone phosphate (Celestone Soluspan, Schering-Plough Corp);
methylprednisolone acetate (Depo-Medrol, Pfizer Inc, New
York, New York) is most frequently used for soft tissue injec-
tions and is of intermediate solubility."”

In 1989, Hill et al® provided valuable information on the use
of corticosteroids by surveying 233 members of the American
Academy of Orthopaedic Surgeons. They found that 90% of
the responding orthopaedic surgeons used corticosteroid injec-
tions and performed an average of 150 intra-articular and 193
extra-articular injections per year. The most commonly injected
corticosteroids were betamethasone sodium acetate (Celestone;
28%) and methylprednisolone acetate (Depo-Medrol; 22%).
Conditions warranting injection included epicondylitis (93%),
shoulder bursitis (91%), greater trochanter bursitis (91%),
DeQuervain’s tenosynovitis (87%), bicipital tendonitis (81%),
and pes anserine bursitis (78%).

The efficacy of local corticosteroids is an additional source
of controversy. Some clinical conditions have been the sub-
ject of well-designed randomized controlled trials that show
the efficacy of corticosteroid injections, whereas other condi-
tions have only observational studies available.! For example,
Levine et al* reported on the use of local corticosteroid injec-
tions in 58 players in the National Football League (NFL) with
severe hamstring injuries. They noted improved return to play
and found no complications. However, there was no control
group for comparison. The favorable natural history of many of

'References 7, 11, 15, 16, 45, 47, 49, 52, 59, 61, 72, 74, 80, 84, 86
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these disorders can make results of observational studies diffi-
cult to interpret.

Consistent benefits have been shown from the use of corti-
costeroids in several areas.* A systematic review of multiple ran-
domized studies of corticosteroid injections for lateral epicon-
dylitis found improved short-term results (< 6 weeks), compared
to local anesthetic or conservative treatment.* In a single ran-
domized controlled trial, similar short-term improvement was
seen for medial epicondylitis.” Interestingly, this improvement
occurred despite the absence of histological evidence indicating
inflammation in these conditions.*"*%” Corticosteroid injections
for DeQuervain’s tenosynovitis have been shown to be effective
in more than 80% of cases, on the basis of a pooled literature
review.” Corticosteroid injections for trigger finger were more
effective than local anesthetic injections in 2 randomized stud-
ies, with efficacy rates of 60% to 64% (compared to 16% to 20%
for local anesthetic injection).*>

Observational studies have demonstrated the rates of suc-
cess with corticosteroid injections for several disorders.”
Conclusions from these studies are suspect, however, because
they lack control groups. Injections for pes anserine bursitis are
more effective than NSAIDs, with significant improvement in
70% of patients."! Observational studies of corticosteroid injec-
tions for trochanteric bursitis show efficacy of 77% at 1 week
and 69% at 6 weeks.™ Corticosteroid injections for Morton’s
neuroma can provide at least short-term relief in about half of
patients.’

Corticosteroid injections for Achilles tendinosis/tendinopa-
thy appear to be of no benefit, having the equivalent efficacy
of local anesthetic injections.'® A systematic review by Koester
et al® in 2007 found “little reproducible evidence” that subac-
romial corticosteroid injections were effective in treating rota-
tor cuff disease. Randomized controlled trials of corticoster-
oid injections for plantar heel pain have also shown little to no
short-term benefit.”

General recommendations for corticosteroid injections
include use only after other nonsurgical treatments (ie, exer-
cise, rest, oral anti-inflammatory medications) have failed
and only when a discrete, palpable localization of the symp-
tom source is identified.! No more than 3 injections should be
used, spaced several weeks apart, with repeat injections given
only if previously injections provided relief* A period of rest
or protection after the injection should be used.”* Corticosteroid
injections given immediately after injury, before a competitive
event, or in the presence of infection should be avoided.®#**!
Direct injections into tendons or ligaments should never be
performed owing to the risk of tendon rupture.

Side Effects and Complications

Knowing the potential side effects of corticosteroid injections
is important to avoid complications and to provide adequate
informed consent before their administration. Corticosteroids
are generally contraindicated in the setting of a drug allergy,

*References 47, 49, 59, 61, 72, 74, 84, 86

infection, or fracture or in areas at high risk for tendon rup-
ture. Potential local side effects include tendon/ligament weak-
ening or rupture, postinjection pain flare; soft tissue / subcu-
taneous fat atrophy, and skin hypopigmentation.®® Tendon/
ligament weakening and rupture are the most significant side
effect.” Direct injection into a tendinous structure should be
avoided. This side effect has the potential to cause major mor-
bidity in the competitive athlete. Postinjection steroid flare gen-
erally occurs in the 24 to 36 hours following injection, and it is
thought to be due to crystal-induced synovitis caused by precip-
itation of preservatives in the injected suspension.” Fat atrophy
and skin hypopigmentation are more likely at superficial injec-
tion sites, and they usually result from overinfiltration of subcu-
taneous tissues.” Fat atrophy has been reported in 3% to 14% of
injections. Fat atrophy and skin depigmentation generally have
a delayed onset, occurring between 6 and 12 weeks after injec-
tion, and are in some cases permanent.*®>'7 Fat atrophy and
skin depigmentation are more likely after injection of superficial
targets and after injection with corticosteroids of low solubility.

Less common side effects include infection, vascular injury,
and postinjection neuritis."” Infection is a rare but potential side
effect at any injection site and is best prevented with appro-
priate aseptic technique. Injection into bursal structures seems
to result in the highest risk for infection,™ most likely due to a
failure to clinically differentiate an early bursal infection from
aseptic inflammation. Postinjection neuritis is a complication of
direct injection into a nerve. Avoidance of vascular and nerve
injury is avoided with proper technique and knowledge of
local anatomy.

In the study by Hill et al,*® 89% of orthopaedic surgeon
responders reported observing a complication of corticoster-
oid injections in their practice. Most common complications
included subcutaneous fat atrophy (64%), skin depigmenta-
tion (54%), and tendon rupture (39%). In a review of 124 cor-
ticosteroid injections in athletes, Leadbetter™ reported 4 cases
of skin depigmentation, 4 instances of intratendinous/intrabur-
sal corticosteroid precipitation (documented at subsequent sur-
gery), and 1 case of subcutaneous atrophy. In a meta-analysis
summarizing 25 studies (983 injections), Nichols® noted a
5.5% complication rate (excluding pain). The most common
side effects included skin atrophy (2.4%), skin depigmentation
(0.8%), localized erythema and warmth (0.7%), and facial flush-
ing (0.6%). Postinjection pain was noted in 9.7% of patients.

Systemic side effects of corticosteroid injections include vas-
ovagal reactions, facial flushing, hyperglycemia, anaphylaxis,
leukemoid reactions, and osteonecrosis."* Corticosteroid
injection into soft tissue structures results in more systemic
absorption than does intra-articular injection.” In diabetic
patients, hyperglycemia has been shown to persist up to 5 days
after a single soft tissue injection.” Leukemoid reactions to
local injections have also been observed resulting in elevated
white blood cells counts as high as 20 000 white blood cells
per cubic millileter,’" as has a single case of femoral osteone-
crosis following multiple soft tissue injections.”

Intratendinous injections of corticosteroids have detrimental
effects that can facilitate tendon rupture>® Direct injection into
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rabbit Achilles tendons resulted in collagen necrosis, decreased
tensile strength, and long-term structural changes.’ In a meta-
analysis of animal studies, 4 of 10 showed deleterious effects of
local corticosteroids injections on tendon.®

Peritendinous injections of corticosteroids have resulted in
negative effects”” Peritendinous injection of rabbit Achilles ten-
dons with corticosteroids decreased failure stress, total energy
absorbed, and increased total strain, similar to the negative
effects of intra-tendinous injection.*” Martin et al” also demon-
strated that peritendinous injections result in altered mechan-
ical properties. However, these properties returned to normal
by 14 days postinjection.” McWhorter et al”’ found no sig-
nificant histological effects of peritendinous injections of rat
Achilles tendons.

There are numerous case reports and case series of ten-
don rupture following corticosteroid injections.” The use of
triamcinolone appears to be associated with the highest risk
of tendon rupture.” The most commonly reported ruptures
involve the plantar fascia and Achilles tendon, although rup-
tures of other tendons have been reported, including quad-
riceps tendon, patellar tendon, triceps, and lateral epicon-
dyle extensor attachment.” Despite a need for caution, case
series do not prove cause-effect relationships between cor-
ticosteroid injection and tendon rupture. Chronic tendinop-
athies are prone to tendon rupture.”>* Corticosteroids may
play a role in progression of tendon damage or in masking the
symptoms of tendon damage, allowing for further mechani-
cal stress.”" Although most authors recommend a period of rest
(1-2 weeks) and avoidance of strenuous activity following cor-
ticosteroid injection,” no studies have adequately addressed
this topic. Injections immediately before competition are gen-
erally contraindicated.***" In addition, the maximal number of
injections and the required period between injections have not
been determined. Recommendations in this area rely primarily
on expert opinion.*®

A meta-analysis, pooling case reports of 95 major complica-
tions in 18 studies, found that the most frequent major compli-
cations were ruptures of plantar fascia (53.7%), patellar/quad-
riceps tendon (9.5%), Achilles tendon (8.4%), biceps tendon
(8.4%), and subcutaneous atrophy (7.4%). Tendon rupture has
also occurred at the biceps femoris, tibialis anterior, triceps,
and finger flexors.”

LOCAL ANESTHETICS

Local anesthetics decrease nerve conduction through the
blockade of sodium channels, which disrupts axonal nerve
conduction.?* They are classified as esters or amides, accord-
ing to the type of linkage between the aromatic ring and side
chain. Ester agents include cocaine, procaine, tetracaine, ben-
zocaine, and 2-chloroprocaine. Their clinical use is limited for
local anesthesia, owing to their relative instability in solution
as well as their high rates of allergic reaction. Amide agents
are more commonly used in practice and so include lidocaine,
bupivacaine, prilocaine, and mepivacaine.”

Local anesthetic injections allow for an immediate assess-
ment of pain relief for therapeutic purposes and as a confir-
matory diagnostic method when the source of discomfort and
injury is in question. The most commonly used agents for
local injections are as follows: 1% lidocaine (Xylocaine, APP
Pharmaceuticals, Wilmington, Delaware), 2% lidocaine, 0.25%
bupivacaine (Marcaine, Hospira Inc, Lake Forest, Illinois), and
0.5% bupivacaine. Lidocaine has a rapid onset (1-2 minutes)
and short duration (1 hour), whereas bupivacaine has a slower
onset (30 minutes) and a longer duration (8 hours).*” The clini-
cian should be aware of the signs and symptoms of anesthetic
toxicity: flushing, hives, chest or abdominal discomfort, nausea,
cardiac arrhythmia, and seizure.?

Local anesthetics can be used alone or in combination with
corticosteroids for the combined effect of immediate relief of
local pain and the longer-lasting therapeutic effect of the ste-
roid agent. The combination also increases the distribution
area of the agent, avoiding high concentrations of corticoster-
oid in a small area. Manufacturers recommend against mixing
corticosteroid agents with lidocaine because of the risk of
flocculation (clumping) and the precipitation of steroid
crystals,* which is not clinically observed with any frequency.'
Inspecting the combination for gross crystal precipitation
before injection is recommended.

Reports of the use of local anesthetics for analgesic effect
in sports injuries is uncommon. Orchard described the use
of local anesthetics in Australian Rules football and rugby.®%
In sum, 221 local painkilling injections were administered for
game-day pain relief over 6 years (joint and soft tissue).* An
average of 1.7 players (10.7% of all team members) took the
field with the aid of a bupivacaine injection (with or without
epinephrine injection) per game.” Eighty-six injections (38.9%
of all injections) were performed for injuries occurring dur-
ing the course of a game. The most common sites of injection
were the rib, iliac crest, acromioclavicular joint, finger/thumb,
and ankle. Six major complications and 11 minor complications
resulted: distal clavicle osteolysis following acromioclavicu-
lar joint injection (n = 2), partial rupture of the Achilles tendon
following local injection for tendinopathy, chronic adductor
tendinopathy following local injection for a partial tear, prepa-
tellar bursal infection, and carpal/radiocarpal degenerative dis-
ease after local injection for a scapholunate ligament tear done
in an attempt to delay surgery until the offseason. Minor com-
plications included inadvertent blocks of the lateral femoral cuta-
neous nerve following an iliac crest hematoma injection (n = 3),
inadvertent partial sensory nerve blocks of the ankle (n = 2),
worsening of a first metacarpal fracture and sternoclavicular
sprain, and rupture of the plantar fascia. They concluded that
low-risk, high-benefit injections can be achieved at the follow-
ing areas: acromioclavicular joint, fingers, second through fifth
metacarpals, ribs/sternum, iliac crest, and plantar fasciitis. Of
note, subsequent plantar fascia rupture was not clinically sig-
nificant in this population. Injections of ankle sprains, tendon
injuries, prepatellar/olecranon bursitis, first metacarpal injuries,
and radiocarpal injuries were described as being high risk.
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The International Rugby Board has subsequently banned
painkilling injections.** Most other governing bodies, including
the NFL and the National Collegiate Athletic Association, leave
their use to the discretion of the treating team physician.* It is
the responsibility of the physician and medical staff to appro-
priately educate the athlete on the risks and benefits of anes-
thetic injection and to avoid reckless injections around regional
motor or sensory nerves, major weightbearing joints, and in or
around fractures. A 1992 NFL Players Association survey found
that 45% of players received local anesthetic injections imme-
diately before competition at some point during their careers.*
Current information on the prevalence of their use in the NFL
has not been reported. Orchard® documented 5 litigation cases
concerning the long-term negative consequences of local anes-
thetic injections in American professional sports (including the
NFL and the National Basketball Association). As with corticos-
teroids, local anesthetic injection into injured tendon, ligament,
and muscle is likely to be associated with an increased risk
of rupture or worsening of the traumatic or degenerative pro-
cess.” Removal of pain as a feedback mechanism exposes the
already compromised structure to the extreme forces seen with
sporting competition.

TORADOL

NSAIDs are among the oldest and most widely prescribed
drugs in medicine. The first NSAID was extracted from the
bark of willow trees.’? Since then, numerous NSAIDs have
been developed with varying pharmacokinetics. NSAIDs have
anti-inflammatory and analgesic effects and can be classified
as either acidic or nonacidic.” Acidic NSAIDs are further sub-
divided into carboxylic acids and enolic acids, which include
Toradol. No single NSAID has been shown to be consistently
more effective than another®*

Toradol is the only NSAID currently available in an intra-
muscular or intravenous form in the United States since its
approval by the Food and Drug Administration in 1990.
Although it is available for oral use, intramuscular administra-
tion is most prevalent in the sports medicine arena. In its intra-
muscular form, it is a potent analgesic, with rapid onset of pain
relief within 10 minutes, with peak concentration and clini-
cal effects seen approximately 45 minutes after injection, and
with a half-life of 6.5 hours.” It is 99% plasma bound and has
hepatic metabolism and renal excretion. Its oral dosage is 10
mg, whereas the injectable dosage is 30 mg.®® A recommended
maintenance dose for adults who weigh more than 110 pounds
(50 kg) and are less than 65 years old is 30 mg every 6 hours.*

Basic Science of NSAIDs

NSAIDs are generally weak acids, and they bind avidly to
albumin. The basic chemical structure of NSAIDs consists of
an aromatic ring with an acidic functional side group.? It is
this hydrophobic portion that makes the liquid formulation of
NSAIDs difficult to synthesize.” NSAIDs generally inhibit the
COX pathway, thus preventing the formation of prostaglandin,

prostacyclin, and thromboxane ***9 Nonselective NSAIDs,
such as Toradol, block the COX-1 and COX-2 pathways.
However, the lipoxygenase pathway is not affected.

NSAIDs affect neutrophil function, including aggregation,
migration, lysosomal enzyme release, oxidative phospho-
rylation, and the chemotactic response.®?'#*5! The inhibi-
tion of the COX-1 pathway is responsible for the major side
effects of NSAIDs, including decreased cytoprotection in the
gastrointestinal tract, alteration in regulation of renal blood
flow and water resorption, and increased bleeding owing to
decreased platelet adhesiveness.®***5" The pain produced by
inflammation is thought to be due to sensitization of periph-
eral nociceptors.?*”” The analgesic effect of NSAIDs is due
to decreased sensitivity of afferent nerve receptors caused
by reduction in prostaglandin levels.?*¥” NSAIDs have also
been shown to inhibit the NF-KB (nuclear factor-kappa B)
system,*”>* which has been shown to play a role in the acti-
vation of cytokines, the initiation of the inflammatory process,
and the recruitment of leukocytes.

Bone injury also results in an inflammatory response that
culminates in fracture healing. Prostaglandins (especially, pros-
taglandin E2) play a major role in fracture repair’® Multiple
studies'***350 have demonstrated the negative impact of a vari-
ety of NSAIDs on fracture healing in animals. In humans, var-
ious retrospective studies have shown an association between
delayed union/nonunion and the use of NSAIDs" on frac-
tures of the femur, tibia,"’ clavicle,* and acetabulum,’ as well
as on spinal fusion.'®7 Two retrospective studies have dem-
onstrated that Toradol significantly increased the risk of non-
union after spinal arthrodesis.**” Therefore, use of this agent
in athletes recovering from a fracture, including stress fractures,
should be carefully considered %

The effect of NSAIDs on soft tissue injuries is more con-
troversial. Animal studies have produced contradictory
results.>7#% Many human studies demonstrate variable small
improvements in pain relief and earlier return to play.® A
consistent beneficial result from an anti-inflammatory has not
been demonstrated.

The effect of NSAIDs on chronic tendon injury or tendinop-
athies is controversial. NSAIDs may function primarily as an
analgesic in these conditions owing to the absence of inflam-
matory cells*" Their value in acute peritendinitis and teno-
synovitis, such as De Quervain’s tenosynovitis, may be through
an analgesic and anti-inflammatory effect 3%

The effect of NSAIDs on ligament healing is unclear, with basic
science evidence again being contradictory. Several animal stud-
ies have demonstrated positive and negative effects, but most
have shown no significant effect on ligamentous healing."*%
Human studies have shown NSAIDs to be effective in decreas-
ing pain and allowing faster return to play after ankle sprains,
with no significant long-term benefits *%% As with tendinopa-
thies, the positive clinical effect of NSAIDs on acute ligamentous
sprains may relate solely to their analgesic effects.

The effect of NSAIDs on muscle healing is also controversial.
Muscle injury results in tissue necrosis and hematoma
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formation. The inflammatory response is responsible for the
degradation of this tissue to allow muscle regeneration.*
Animal studies have shown that NSAID use improves contrac-
tile force and increases maximal failure force early after injury,
whereas, histologically, it results in a delay in collagen deposi-
tion, degradation of damaged tissue, and muscle regeneration.
In human studies, NSAIDs have generally been shown to
decrease pain, improve early muscle strength recovery, and
allow early return to sport.®% There are no known long-
term positive or negative effects of NSAIDs.® Short courses
(7-14 days) of high doses of various NSAIDs, 7% including
Toradol,” can be effective in preventing heterotopic ossification
after total hip arthroplasty. A similar protection against the for-
mation of myositis ossificans after major muscle contusions is
speculated but lacks definitive evidence®

2,62

Clinical Use

Limited published information is available on Toradol use in
athletics. Toradol use is common in the NFL, as described in
a 2002 study by Powell et al.®® In their survey of NFL medi-
cal staffs during the 2000 season, 28 of 30 responding teams
used intramuscular Toradol in the pregame setting. An average
of 15 players per team received Toradol injections, up to once
a week. The majority of teams (24 of 27) allowed 1 injection
per week throughout the duration of the season. Most medi-
cal staffs believed that Toradol provided 50% to 75% pain relief
that lasted 1 to 2 days. Six of the 28 teams that used Toradol
reported minor complications: gastrointestinal irritation, gen-
eralized soreness, and muscle injuries (including strains and
worsening contusions). Significant bleeding and renal com-
plications were not reported, but several teams saw “psycho-
logical addiction™® to game-day Toradol injections. Reports on
Toradol usage since 2000 are not available, and current lev-
els of use are unknown. Data are not available on the use of
Toradol in other professional or collegiate sports, but its use is
speculated.®

Toradol is contraindicated for a traumatic or stress fracture
at high risk for nonunion (eg, fifth metatarsal, navicular, ante-
rior tibia) or chronic muscle injury® Other contraindications
include a hypersensitivity to NSAIDs (triad syndrome of NSAID
hypersensitivity), allergic rhinitis, and nasal polyps. Such indi-
viduals are at high risk for serious reactions.?® Toradol should
also be avoided in patients with peptic ulcer disease, hepatic
disease (hepatitis, cirrhosis), and diminished renal function.

Side Effects and Complications

The side effects of Toradol are the same as those for other
NSAIDs and so reflect the systemic nature of its action.
Gastrointestinal side effects include dyspepsia and, more seri-
ously, gastrointestinal bleeding and ulceration. Gastrointestinal
side effects are apparent in up to 20% of individuals with
extended use, with peptic ulcer disease developing in 1% to
2%. These medications can also worsen asthma in at-risk indi-
viduals.?! Side effects are more likely with higher doses and

longer duration of use, as well as in individuals whose comor-
bidities put them at increased risk.?"**% Toradol use exceeding
5 days is associated with an increased risk of renal and gastro-
intestinal side effects, which has led to the recommendation
that its administration not exceed this duration. %

NSAIDs have also been associated with renal dysfunction,
including acute renal failure.”® They can decrease the glomer-
ular filtration rate by up to 11% in normal healthy adults sub-
jected to strenuous exercise, dehydration, and salt restriction.”’
In the volume-depleted state, the kidney is in a prostaglan-
din-dependent state and thus more likely to react adversely to
NSAIDs. This setting is particularly relevant to the athlete who
is involved in strenuous competition. Of equal concern are the
possible renal complications of Toradol use in athletes without
routine laboratory testing.**

As with the majority of other NSAIDs, Toradol is asso-
ciated with a reduction in platelet function and blood
clotting #2825 Toradol decreases platelet aggregation and
thromboxane production” Because Toradol affects only plate-
let function, it does not change the prothrombin time, par-
tial thromboplastin time, or platelet count.® Similar to aspirin,
a single dose of Toradol can increase bleeding time in healthy
patients (0% to 60%).2%% Despite this elevation, bleeding
times generally remain within the normal range (up to 10 min-
utes) in healthy individuals. Toradol binding to platelets is
reversible; that is, platelet function and bleeding times return
to baseline values within 24 hours of discontinuation." This is
in contrast to aspirin, which may cause platelet dysfunction for
up to 10 days.”

The clinical relevance of the prolongation of bleeding times
in unclear?®#%9" hecause it has not correlated with operative
blood loss.?** The combination of Toradol with additional oral
NSAIDs (either prescription or over-the-counter) has not been
studied but has the potential to increase bleeding and renal
complications.?! The risks are also unknown of Toradol use
with various supplements and herbal medications commonly
used by athletes.

The bleeding risk of Toradol is an utmost concern in colli-
sion sports such as football. Even a small increase in bleeding
risk can exacerbate high-risk injuries such as concussions, spi-
nal cord, spleen, and kidney trauma. Pre-game Toradol injec-
tions can increase this risk, although it has not been objec-
tively studied. Therefore, these injections should be carefully
considered in the competitive setting with a thorough discus-
sion of the potential risks and complications before the game
situation, when the athlete can make an informed decision not
influenced by the emotional ramifications of an impending
competitive event.

CONCLUSION

Soft tissue injections of corticosteroids, local anesthetics, and
Toradol are commonly used in sports medicine. Knowledge
of their mechanism, efficacy, and complications is essen-

tial for proper use. Local injections of corticosteroids have the
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potential to decrease inflammation. Anesthetic agents, simi-
lar to corticosteroids, are typically used to lessen the pain of
musculoskeletal injury to facilitate athletic participation. The
primary concern with corticosteroid and anesthetic injec-
tions adjacent to tendons is an increased risk of tendon rup-
ture. Intramuscular Toradol provides significant analgesia as
well as an anti-inflammatory effect via its inhibitory effect on
the cyclooxygenase pathway. The risk of bleeding associated
with Toradol use is recognized but not adequately quantified,
thereby raising concern regarding its use in collision sports.
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