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INTRODUCTION 

Risks of Injury during Sports Participation. It is 
estimated that approximately 30 million children and youth 
between the ages of 6 and 21 years engage in sports programs 
that are held outside of school, and 7.2 million participate in 
high-school sports programs (1). 

Parents w.utt to lmow if the benefits of the sports activi
ties warr.ant the risla involved, so an understanding of spons
specific risks is crucial to provide a comprehensive approach to 

address this concetn. 
With appropriate surveillance studies of each sport, spe

cific risks and patterns of injury associated with different sports 
can be determined and compared. From this data, it may be 
possible ro d~p specific inttrvmtioru designed to reduce 
the frequency of injuries. 

Epidemiology of Athletic Injuries in Children. 
What are the facts? What do we know about sports injuries in 
children and youth? 

First, there are sport-specific data that identify the risk of 
injury to participants for most sports (2-5). The most compre
hcnsi~ statistics on children's recreational injuries arc available 
from the United Statts Consumer Product Safety Commission 
(CPSC). The CPSC operates the National EJ.earonic Injury 
Surveillance System (NEISS) whereby data are gathered from 
the emergency departments of 100 hospitals throughout the 
United States. These data are then used in conjunction with 
other models involving the relation between emergency room 
visits and the number of injuries treated outside hospital emer
gency rooms to arrive at an estimate of the number of inju
ries treated for each specific age group in hospital emergency 
rooms, doctor's offices, clinics, and ambulatory centers. The 
figures for children and youth in 2008 reveal that injuries 
occurred most frequendy in football, followed by basketball, 
soccer, and baseball and that over 2 million children under 
age 18 required medical attention for injuries (2) (Table 31-1). 

An additional source of sport-specific data for high-school 
athletes is available through the Center for Injury Research and 
Policy at Nationwide Children's Hospital in Columbus, Ohio. 
Research examined data submitted by athletic trainers at 100 
high schools in the United States. Information was collected 
for nine spons including boy's football, boys' and girls' soc
cer, girls' volleyball, boys' and girls' basketball, boys' wrcsding, 
boys' baseball, and girls' softball (3). 

The most sevue injuries occurred in football and wres
tling foll~d by girls' basketball and girls' soccer. Severe 
injuries oa:urred in approximately 15% of all sports-related 
injuries and were defined as lou of participation in sports of at 
least 21 days. Injuries to girls occurred more frequendy than 
boys. Anatomic sites of injury in order of frequency were the 
knee (30%), ankle (12.3%), and shoulder (10.9%). One in 
four (28.3%) severe injuries required surgery with over half 
being knee surgeries. 

Injuries to the upper extremity occur more frequendy in 
younger children, due to f.ills, whereas lower extremity injuries 
occur more frequently in older children and adolescents (1, 4). 
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TABLE 31-1 National Electronic Injury Surveillance System {NEISS) Data Higlllights--2008 

Number Gllnjuries 

Sport AGES~ AGES5-14 AGESI5-24 

Basketball 1653 156,115 229,487 
Football 1351 214,492 192,778 
Soccer 1088 82,707 80,732 
Hockey 219 18,555 29,786 
Lacrosse. rugby, ball games 2108 37,891 32,905 
Baseball 4539 109,202 80,879 
Volleyball 52 16,785 23,761 
Racquet sports 52 4623 6767 
Track and Field 17 8655 9688 

Estimated Number af Injuries: Because NEISS is a probability sample. each injury case has a sunistical weight These are national estimates af 1he number of per~ AS 

treated in U.S. hospital emergency departmen!S wi!h consumer product·rel912d injuries and are derived by summing the statistical weights for the appropria1e injury cases. 
The data system alla.vs for reporting of up to two produC1s far each person's injury; so a parson's injury may b& counted in two produC1 or sports groups. 

Injury surveillance identifies specific risks for specific 
sports and may lead to injury prevention by mandatory 
changes in equipment. Face masks and helmets used in hoc::kq, 
shin guards used in soccer, and helmets used in baseball are 
c:xamples of equipment modification put into place after injury 
surveillance rates indicated the need for change. 

Despite the injuries seen in a sports medicine clinic, the 
documented health benefits of sports activity which include 
weight management, increased strength, flexibility and endur
ance, as well as improved self-esteem outweigh the risks of 
significant injury. Parents should be advised of both the recog
nized benefits and the span--specific risks, in order to make an 
informed decision reg;uding their child's participation. 

Injury Prevention. Premttion strategies for sports-related 
injuries in both children and adults generally lag behind injury 
management strategies. .& participation in rec.reational and 
scholastic sports increases, there is a desire to examine strate
gies for injury prevention to lower the risk of injury (5, 6). 

Injwy prevention strategies include a thorough prepanici
pation physical eviluation to identify medical problems such as 
asthma or diabetes mellitus that affect ttaining or participation 
and previous significant injuries such as fi-actures and sprains that 
should be ~~ed befOre dearing the athlete to participate (7, 8). 

As pan of the preparticipation physical evaluation, an 
assessment of general health, physical fitness, mength, flexibil
ity, and joint stability and alignment should be performed (9). 

A certain level of fimess should be attained before preseason 
practice begins and is the responsibility of the coach, parent. and 
athlete. &wd.l.as geaeral aerobic fimess, sport-specific condition
ing is recommended to prevent spon-specific injuries. Athletes 
invol~ in throwing sports should work on strengthening and 
stretching exercises for the shoulder girdle and upper ex:tremity 
(10). Controversy exists as to the benefit of stretching programs 
in the prevention of muscle-tendon sttains or apophysitis. There 
are no studies that have proven the efficacy of stretching in reduo
ing the incidence of injury, but most coaches, ttainm, and sports 
medicine personnd continue to advocate their use (8). 

Probably, the most important individual in ensuring 
injury premttion is the coach. The coach should be qualified 
in spon-specific methods of training. injury prevention, injury 
recognition, and proper rehabilitation of the injured athlete 
before return to participation. An understanding and knowl
edgeable coach can make a lasting impression on the athlete, 
especially at the youth level. 

Suength training for specific sports is permissible without 
any concern for overuse injury or effect on growth, as long as the 
progwn is supervised and submaximal ~ights are employed. 

Principles of Rehabilitation. Rehabilitation is a pro
cess in which a series of structured activities enable an athlete 
to return to normal activity or function. 

Although the physician will make the diagnosis and assess 
the functional limitations of the injury, physical therapy is 
activdy involved in the rehabilitation process to enable the 
athletes to resume their previous levd of activity. 

The physician should supervise the rehabilitation process 
and determine when joint functions, muscle strength, and 
spon-specific functions are restored (7). 

For minimal injuries such as minor contusions and sprains, 
the need for supervised rehabilitation is questionable. However, 
for major joint injuries such as significant ligament sprains, 
fractures, and significant resistant overuse syndromes, physical 
therapy will usually aid the athlete to a speedier return to activ
ity and may also prevent further or repetitive injuries (8). 

The phases of rehabilitation include the initial period of 
acute care when the limb is put at relative rest, and pain and 
inflammation are controlled by ic:e, devation, and compression 
(7-9). The next phase, or intermediate phase, is aimed at the 
resolution of pain and restoration of joint motion, flexibility; 
and strength. 

Later care involves progressive strengthening, functional 
and spon-specific drills, as well as proprioceptive training. 

Finally, a maintenance program to prevent further injury 
is instituted. 

Various modalities aid in this process. 
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Physical Modalities 
Cold. For acute injuries, ice should be applied to decrease 
pain and swelling, blood flow, and muscle spasm. It is the agent 
of choice for nearly all acute injuries and even overuse injuries. 

Heat. Heat is employed less commonly; it reduces pain and 
spasm and increases blood flow and soft-tissue relaxation. It 
has a limited role in acute injuries or overuse syndromes when 
swelling and inflammation are present. 

Therapeutic Exercises. Once swelling and muscle spasm 
subside, therapeutic exercise is initiated to improve joint range 
of motion and to stretch and strengthen muscles. 

Joint mobilization is best accomplished by active mobi
lization in which the athlete moves the injured joint. Passive 
mobilization utilizes another individual, usually a therapist, 
to move the patient's contracted joint. This technique is often 
complicated by exacerbation of the injury, tearing or stretching 
of soft tissues, and hemorrhage and should only be done by an 
experienced therapist when active mobilization has failed (7 -9). 

Active-assist mobilization is a combination of the two 
methods and has limited indications in the young athlete. 

Stretching Techniques. Stretching techniques are designed 
to restore flexibility after an injury. Static stretching employs 
techniques in which the involved or target muscle is stretched 
or maintained for approximatdy 20 seconds. It is safer than 
ballistic stretching in which sudden bounces or joint motions 
are permitted. Ballistic stretching can cause activation of the 
stretch reflex and cause muscle-tendinous strain and is not rec
ommended after acute injuries. 

Strengthening. Strengthening is an important part of the 
rehabilitation program and includes isometric, isotonic, iso
kinetic, concentric and eccentric, closed kinetic chain, and 
functional exercises. 

Isometric. The muscle contracts without changing length. 
Isometric exercises are most important in the early phase of 
rehabilitation after injury because the injured joint or muscle 
is not moved. The exercises are simple to perform and do not 
require specialized equipment. To the patient's rdief, isometric 
exercises are relatively painless. 

Isotonic. Isotonic exercise involves the contraction of muscle 
against fixed resistance while the joint moves through its arc 
of motion. Examples are free weights and weight machines. 
Isotonic exercises are initiated after pain and swelling subside 
and joint motion is restored. Motor performance is superior 
following isotonic exercise compared to isometric exercise. 

/solcinetic. Isokinetic exercises replicate the speed of muscle 
contraction during specific activities and are usually provided 
by specific and expensive therapeutic machines. The exercises 
are performed at a constant vdocity. 

Crmceatric end Eccealric. Concentric exercises involve the 
contraction of a muscle during exercise (e.g., biceps curl). 
Eccentric exercises involve lengthening of the muscle while 
opposing gravity (e.g., elbow extension with free weights after 

biceps curl). Significant increase of muscle strength occurs 
with eccentric exercise (7, 8). Eccentric conditioning is intro
duced during the latter stages of rehabilitation. 

Closed or Opetr Chllin Kinetic Exercises. Closed chain kinetic 
exercise fixes a body part while performing work (e.g., foot 
on floor while performing squats), whereas open chain kinetic 
exercises do not fix the body part (e.g., leg lift). Closed chain 
exercise improves agonist and antagonist muscle contraction 
(9). These exercises are performed in the later stages of reha
bilitation because they may cause pain. 

Fum:tionsl Exercise. Functional exercises reproduce patterns of 
movement involved in a specific sport and involve the inte
gration of several muscle groups working together. This is 
the final step in the rehabilitation process before the athlete 
returns to the sporting activity. 

Therapeutic Electrical Modalities 
Electrogalvanic Stimulation. Electrogalvanic stimulation 
causes small muscle contractions that may reduce swelling and 
muscle atrophy (7-9). 

Transcutaneow Nerve Stimulation. Transcutaneous nerve 
stimulation employs electrical stimulation to block pain 
impulses from the site of injury or site of surgery (7-9). 

There is no objective evidence of the benefits of these two 

modalities in the treatment of athletic injuries in the child 
(7-9). Most spans injuries in the skeletally immature are ame
nable to nonoperative management. Not all injuries require 
supervised rehabilitation, but it has been shown to lessen 
recovery time and decrease rein jury rates. 

Performance-enhancing Substances. Widespread 
publicity about performance-enhancing drugs and the perception 
of societal reward for exceptional athletic success are the major rea
sons why young athletes consider the use of these substances (I 0). 

Anabolic steroids in particular are under increasing scrutiny 
by international athletic organizations as well as the press in an 
attempt to publicize their role in the performance of elite athletes. 

If used in conjunction with a strength training program 
and proper diet, anabolic steroids have been shown to increase 
muscle size and strength; but there is little, if any, evidence 
that their use resulted in improved performance or increased 
aerobic capacity (10-13). 

Reports of steroid use for the last 1 0 to 20 years indicate 
patterns of use in up to IO% to IS% of boys and up to 2% 
to 4% of girls among high-school students (13). Anabolic ste
roid use is determined by a complex set of factors that include 
potential beneficial effects of anabolic steroids, dissatisfaction 
with current body size and strength, a peer group involved in 
their use, and a tendency toward risk-taking behavior (10-13). 

Anabolic steroids are available in oral and injectable 
forms. The oral form is metabolized in the liver and converted 
to testosterone. The injectable form is directly absorbed into 
the circulation and is therefore less hepatotoxic than the oral 
form (12). 



Adverse Effects. The adverse effects of anabolic steroids 
are well known, significant, and affect vinually every organ 
system (11, 12). 

For the skeletally immature athlete, premature epiphyseal 
closure has been documented with the intake of a single cycle 
of anabolic steroids (10, 12). In addition, strains and ruptures 
of the tendons have been noted in young individuals without 
any predisposing tendonitis (11, 12). 

Effects on the hepatobiliary system include transient ele
vation of liver enzymes, blood-filled cysts in the liver which 
may rupture and cause fatal hemorrhage, and benign and 
malignant neoplasms (11). 

Anabolic steroids cause an elevation of blood pressure 
(reversible) and an increase in total cholesterol with a reduction 
in high-density lipoproteins (12, 13). Prolonged use may lead 
to arteriosclerotic heart disease and cardiomyopathy (12, 13). 

Men taking anabolic steroids may experience acne, male 
pattern baldness, priapism, impotence, gynecomastia, and 
testicular atrophy (10--13). Women may develop masculiniza
tion including hirsutism, deepening of the voice, and baldness 
(10--12). 

Aggression, emotional instability, and even psychosis have 
been reported (II, 12). 

To effect a change in behavior, stiff penalties and peer 
pressure to avoid cheating are probably necessary. Imparting 
proper and current medical knowledge without the use of 
scare tactics may help. Encouragement and availability of 
proper programs in strength training, conditioning, proper 
nutrition, and acquisition of sporting skills is probably the 
best deterrent. 

Strength Training in the Pediatric Population. 
Weight training or strength training by children or growing 
adolescents is a controversial topic. The controversy exists 
because of the belief that weight training causes damage to the 
physes or joints and the perceived association of weight train
ing with performance-enhancing drugs. Both are enough to 
cause parents to question the potential benefits of weight train
ing against its perceived risks to their child. 

A number of studies have shown that children and adoles
cents can increase strength up to 40% with a low risk of injury 
(14-16). In girls and prepubescent boys, it is postulated that a 
gain in strength occurs due to enhanced recruitment of motor 
units rather than muscular hypertrophy (14-16). 

Specific injuries have been reported in association with 
weight lifting in children, including distal radius and ulnar 
fractures, distal radial epiphyseal fractureS, patellofemoral 
pain, clavicular osteolysis, pelvic apophyseal fractures, and 
meniscal tears (15, 17-19). In adolescents, lumbosacral inju
ries such as disc herniation, spondylolysis, and spondylolisthe
sis are common injuries (20). Power lifting and Olympic-style 
weight lifting are not recommended for the skeletally imma
ture (14). However, there are no deleterious consequences to 
a well-supervised program of weight training in the growing 
youth, provided the movements are done in a slow, controlled 
fashion with submaximal weights (21, 22). 
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ACUTE INJURIES 

Acute Patellar Dislocation. Patellar dislocations may 
be classified as acute, recurrent, or habitual. Acute disloca
tions tend to occur in adolescent, high-level athletes, whereas 
recurrent instability occurs in individuals with well-known 
anatomic variants such as ligamentous laxity, patella alta, and 
genu valgum (23). Even with acute patellar dislocations, there 
is commonly an underlying anatomical abnormality that pre
disposes to the dislocation. The common age for acute patellar 
dislocation is from 14 to 20 years (23--25). 

Anatomy. Understanding the pathology of patellar disloca
tion requires an understanding of the anatomy of the extensor 
mechanism of the knee. There are three distinct layers around 
the patellofemoral joint as part of the extensor mechanism. 
The superficial layer involves the fascia overlying the sartorius 
muscle. The second layer comprises the patellar retinaculum 
and the medial patellofemoralligament (MPFL). The final 
layer comprises the medial collateral ligament (M CL) and the 
joint capsule (26, 27). 

The most important stabilizing strucrure of the patella is 
the MPFL It arises from the adductor tubercle and inserts along 
the medial patellar border on its superior two-thirds. The MPFL 
varies widely in size, shape, and strength and provides from 50% 
to 80% of the restraining force to lateral displacement (28--34). 

Mechanism of Injury. The most common mechanism is 
an indirect force applied to the knee. The foot is planted, knee 
flexed and in valgus, and an internal rotation moment applied 
to the femur (35). Patellar dislocation is commonly associated 
with this mechanism of injury in basketball, football, baseball, 
gymnastics, and also in falls (25). 

Less frequendy; direct forces applied to the medial side of 
the patella or to the lateral side of the knee with a valgus force 
may cause patellar dislocation (36). 

History and Physical Examination. The patient usually 
describes a twisting injury with a mechanism not unlike that 
for an anterior cruciate ligament (ACL) tear. The patient may 
describe something moving out of position in the knee and 
then popping back into place. The knee quickly becomes swol
len and the child is reluctant to move it. 

On physical examination, the patella is almost alwa}'li 
reduced or relocated. In the rare instance where it has not 
reduced, the child's knee is usually still flexed. The patella may 
be palpated on the latetal aspect of the latetal femotal condyle. If 
the knee is passively extended and a gende medial force applied 
to the patella, the patella should reduce very easily. A large, tense 
hemarthrosis accompanies an acute patellar dislocation. Plain 
radiographs, specifically anteroposterior, latetal, and Merchant 
view (also known as skyline views), should be carefully evaluated 
for patellar reduction, latetal tilt, and osteochondral fracrure. The 
Merchant view is an axial view of the patellofemoral joint with 
the knee flexed to a consistent 35 to 45 degrees (37) (Fig. 31-1). 
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RGURE 31-1. Tangential x-ray view for evaluating the 
patellofemoral joint. Merchant view allows the quadri
ceps mechanism to relax. The patella is not artificially 
held reduced in the distal femoral groove. 

The mechanism of injwy for an acute patellar dislocation 
is similar to an ACL tear, and careful examination to rule out 
the latter must always be performed. 

Treatment. If the patella is still acutely dislocated, reduction 
should be accomplished promptly with the use of appropriate 
sedation if tequin:d. If the patella cannot be relocated with 
the patient supine, reduction can be fucilitated by placing the 
patient prone. This allows the hamstrings to relax, and with 
gentle extension of the knee, the patella will reduce. 

There is conttoversy regarding the most appropriate 
method of management following an acute patellar dislocation 
and the potential need for sw:gical repair in order to prevent 
recurrence. In two recent articles, there was no difference in 
redislocation rates between patients ueated with surgical repair 
at the initial dislocation and those treated nonoperatively. 

The evidence would strongly support conservative man
agement after an acute patellar dislocation without an osteo
chondral fracture. 

The incidence of ostc::ochondral fracture following patellar 
dislocation ranges from 5% to 50% (36-39). The incidence is 
high enough to consider a magnetic resonance imaging (MRI) 
if the dislocation is associated with a large tense effusion. If 
an osteochondral fracture is detected. a knee arthroscopy is 
recommended to visualize the fragment and to determine if 
the fragment should be replaced or acised. If the fragment is 
>2 em and has a significant bony component, fixation should 
be performed with any number of fixation techniques: low
profile headless cannulated screws countersunk to avoid abra
sion, Herbert screws countersunk in the articular cartilage, or 
bioabsorbable pins or screws (35). In most cases, the futgment 
is smaller than 2 em in diameter and should be excised. If 
significant anatomic abnonnalities also exist, consideration of 

surgical correction at the time of treatment of the osteochon
dral fiacture should be considered (40, 41). 

Treatment of acute patellar dislocations without osteochon· 
drat fracture involves brief immobilization. then vigorous reba· 
bilitation. The principles of rehabilitation .h.m: been ducidated 
previously and are aimed at resolving the hemarthrosis. reducing 
the pain, improving the range of motion, and inc.reasing the 
suength of both the quadriceps and hams~ (25, 34, 36). 

Once the injured knee has been rehabilitated, return to 
sports is pennitted. Prior to resumption of athletic activities, 
there should be no effusion, full range of motion, and restora
tion of at least 80% strength of the uninjured knee. The use 
of a patellar stabilization brace is recommended during sports. 

Author's Preferred Recommendations. Following 
reduction of an acute patellar dislocation, it is imperative to 
obtain appropriate radiographs to rule out an osteochondral 
fiacture. If symptoms persist. MRI may be helpful in visual
izing a chondral or osteochondral defect (Fig. 31-2). If no frac
ture is detected, rehabilitation is begun. If an osteochondral 
fiacture is deteaed, a knee arthroscopy determines whether it 
should be excised (if the fragment is <:2 an with very little 
subchondral bone) or replaced (if the fragment is >2 em with 
significant subchondral bone). Rq>lacement is accomplished 
by an arthrotomy with the use of small cannulated screws 
countersunk to the level of the subchondral component. Arute 
repair of medial st1'llCtUreS including MPFL and patellar reti
naculum is carried out, and usu.ally a lateral retinacular release 
is done at the same time. The knee is immobilized for approxi
mately 10 to 14 days in a soft dressing and knee immobilizer, 
followed by vigorous rehabilitation. 

There are proponents of acute surgical repair in the 
absence of osteochondral fracture (40-42). but I prek! 



FIGURE 31·2. Lateral image of knee {MRI) with large osteochon
dral defect of lateral femoral condyle after acute patellar dislocation. 
Alrows !solid blaclc) point to defect in lateral femoral condyle. 

nonsurgical treatment bea.use 50% to 60% of patients older 
than 10 yws will not experience a recunence (43, 44). 

Recurrent Patellar Dislocation 
Clinical Features. Children with recurrent patellar insta
bility have one or several features which predispose to the 
.n:curJ:ence. Anatomic &aors include an increased Q angle, 
inc:reased femoral tibial valgus, CXCCS$ive c:nernal tibial tor· 
sion, femoral condylar dysplasia. patella alta. and general· 
ized ligamentous laxity (23-25, 35, 45-47). The Q angle is 
the angle formed by a long axis drawn along the quadriceps 
mechanism from the anterior superior iliac spine (ASIS) to the 
mida:xis of the knee joint subtended by a long axis drawn along 
the patellar tendon. A normal Q angle is 1 0 degrees or less 
(Fig. 31·3A-C). Children with reauTent patellar instability 
exhibit a positive apprehension test. Apprehension is produced 
when an attempt is made to displace the patella laterally with 
the knee flexed approximately 30 degr:ees. 

Surgical Management. Surgery is indicated when a 
patient has had three or four recurrences of patellar dislocation 
and the instability affects his or her lifestyle. Correction of the 
anatomic variants is crucial for the long-term outcome. 

Surgery may entail sofi:·tissue surgery around the patella, 
including lateral retinaaJ1ar J:elease, reconstruction of the MPFI.., 
wsws medialis adwncement with medial reefing. Insall's proxi
mal patellar realignment, or semitendinosus tenodesis. 

Lateral retinawlar release alone for patellar instability is 
ratdy indicated. There aJ:e isolated reports of its success in the 
treatment of recurrent patella.r dislocation, but its exact role in 
this condition remains to be dete.rmined (48, 49). Excessive 
lateral .retinacular release combined with aggressive medial 
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reefing may result in iatrogenic medial subluxation and must 
be avoided (29, 50, 51). Lateral retinacular release usually 
must be combined with reconstrUCtion of the MPFL or by 
vastus medialis advancement. 

Reconstruction of the :MPFL has become popular in 
acure or early recurrent dislocation of the parella (29, 35). The 
.MPFL may be .n:constructed in several ways including free 
hamstring gt.'3ft (semitendinosus tendon) (29) or by the use 
of an autologous quadriceps tendon (52) (Fig. 314A-E). It 
can be routed through drill holes in the patella and fixed to 
its normal origin at the adductor tubercle or fixed in a similar 
fashion using suture anchors. 

In the case of the autologous quadriceps tendon, an 8 mm 
width x 60 mm length medial quadriceps tendon graft is har
vested, pressed beneath the medial patellar retinaculum, and 
sutured to the intermuscular septum at the adductor tubercle. 
The graft is sutured in place with the knee in 30 degrees of 
flexion. 

Thus drill holes are avoided, allowing the procedure to be 
performed in skeletally immature individuals. As a variation, 
the graft may be fixed to the femur at the same location using 
a suture anchor. In the situation of more chronic recurrent dis
locations, a vastus medialis obliquus (VMO) advancement dis
tally and laterally with medial reefing is performed in addition 
to the .MPFL reconstruction (53-55). 

Proximal Patellar Realignment (lnsall Technique) 
(Figs. 31·5 to 31·8). With subluxation or dislocation of 
the patella in skeletally immature patients, the open growth 
plate of the tibial tubercle, which prohibits operations that 
transfer the origin of the patellar tendon, limits the surgeons 
options. For the growing child with recurrent subluxation 
or dislocation of the patella-whether owing to malalign· 
ment, trauma, or mild ligamentous laxity (e.g., that seen 
in Down syndrome)-the proximal sofi:·tissue realignment 
described by Insall and colleagues (55, 56) provides a method 
of realigning the forces on the patella. For us, this method is 
prefer.Wle to detaching and then advancing the vastus media
lis muscle. In cases in which advancement of the medialis 
muscle s~ms necessary, the muscle is usually so deficient 
that little is gained, and it is difficult to secure the muscle 
in place. The proximal realignment provides a secure repair 
with little tension on the suture lines and therefore earlier 
rehabilitation. 

In cases of congenital dislocation associated with defi· 
ciency of the lateral femoral condyle or muscle structure, 
however, this operation is usually not sufficient. This is also 
true for children with Down syndrome or other coUagen 
disorders who have severe ligamentous laxity and poor tis
sue for repair. In such cases, we prefer to combine elements 
of this procedure with the semitendinosus tenodesis of the 
patella. 

Semitendinosus Tenodesis of Patella for Recurrent 
Dislocation (Figs. 31-9 to 31-15). The use of the semiten· 
dinosus tenodesis was first described by Galeazzi in 1922 (57, 
58). The semitendinosus tenodesis procedure addresses several 
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LATERAL REllNACULUM 
VASTUS LATERAUS, 
AND 

MEDIAL REllNACULUM 
AND 

ILIOTIBIAl BAND VASTUS MEDIALIS 

c 

PATEUOFEMORAL JOINT 
REACTION FORCE 

HORIZONTAL TRANSLATION 
COMPONENT 

FIGURE 31-3. Patellofemoral biomethanics. A: The Q angle relates the direction of pull of the quadriceps mechanism to that 
of the patellar tendon. These are the two most powerful forces exerted on the patella. Their vector sum is directed laterally. 
B: There are additional soft-tissue forces applied to the patella. C: The laterally directed net vector is opposed by the patel
lofemoral articulation. If the groove is shallow, there is less potential resistance to horizontal translation than in knees with a 
deeper femoral groove. The dysplastic patellofemoral articulation results in less resistance to lateral translation and therefore 
greater sheer forces on the articular surface. 

B 

problems that the orthopaedic surgeon often encounters in 
the child with recunent dislocation of the patella: ligamen
tous laxity, deficient lateral condyle, deficient medial muscula
~. and open growth plates. In all of the conditions in which 
recurrent dislocation of the patella is encountered (e.g., Down 

syndrome, congenital dislocating patella), the semitendinosus 
tendon is usually nonnal. We have found this procedure, often 
in combination with a proximal realignment, to be an cxc:d.
lent solution to the unusual problem of recu.tTellt dislocating 
patella in skeletally immatute chlldren. 

Tat continued on page 1610 
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Reconstruction of the MPFL (Fig. 31-4) 

c 

RGURE 31-4. Reconstruction of the MPFL A: Medial approach. B: Harvest full-thickness quadriceps tendon graft 60 
mm long by a mm wide. Leave 2 to 3 mm of tendon with the VMO. C: Dissect the retinaculum free on its superficial and 
deep surfaces, posteriorly to the medial epicondyle. Puncture the medial retinaculum superficial to the medial epicondyle. 

B 
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RGURE 31-4. {Continued) D: The VMO and retinaculum are imbricated and reattached to the patella. E: With tile knee 
in J(klegree flexion. tile graft is secured to the intermuscular septum and adductor tendon insertion. Graft tension: assure 
that tile patella can be laterally displaced 25% of its widtil. 



Proximal Patellar Realignment (lnsall Technique) Figs. 31-5 to 31-8 

FIGURE 31-5. Proximal Patellar Realignment Unsall Technique). The operation 
is perfonned with the patient supine and with a bolster under the hip to avoid the need 
for an assistant to hold the leg in internal rotation. The incision begins in the midline, 
just below the junction of the middle and lower one-third of the thigh, and extends 
distally across the center of the patella to the tibial tubercle. The incision must be long 
enough to expose the entire quadriceps tendon. 

FIGURE 31-6. The flaps are reflected medially and laterally sufficiently to expose the medial and lateral border of the 
patella and the insertion of the vastus medialis and lateralis into the quadriceps tendon and detaches the vastus medialis 
from this tendon. leaving just enough tendon on the muscle on the muscle to hold sutures. As this incision is carried distally, 
it should be directed to cross the patella. dividing the medial one-third from the lateral two-thirds and then continuing down 
along the medial border of the patellar tendon. The quadriceps expansion overlying the medial one-third of the patella is 
then elevated subperiosteally from the patella (A). This allows the patella to be turned up laterally, exposing the joint. By 
dividing the fat pad, the undersurface of the patella and the joint can be inspected (B). 
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FIGURE 31-7. The next incision divides the lateral patellar reti· 
naculum and separates the vastus lateralis from the quadriceps 
tendon. This incision begins at the quadriceps tendon proximally, 
DPPOSite the medial incision. The vastus lataralis is detached, leav· 
ing a rim Df tendon for suturing. As this i!Dsioo approaches the 
patella, it skirts the lateral margin of the patella. The synovium 
should also be divided, with care taken to identify and coagulate 
the vessels that will be encountered. If the surgeon desires, the 
tourniquet can be released at this point to control any bleeding and 
then reinflated before beginning the repair. 

FIGURE 31-8. The repair is started proximally by bringing the cut 
edge of the vastus medialis and vastus lateralis together over the 
remaining portion of the quadriceps tendon, which is pushed deep 
to the repair. As the repair reaches the proximal pole ofthe patella, 
the patella begins to rotate medially, elevating the lateral portion 
of the patella. It is neither necessary, nor is it possible, to continue 
this repair across the entire patella because the medial perios
teal flap does not reach the lateral retinaculum. Rather, when the 
patella is rotated and displaced medially to a sufficient degree, the 
medial flap is sutured to the periosteum on the lateral two-thirds 
of the patella without further effort to pull the patella medially. 
The knee can now be flexed to test the stability Df the patella. The 
lateral incision is left open. 
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Semitendinosus Tenodesis of Patella for Recurrent Dislocation (Figs. 31-9 to 31-14) 

A B 

FIGURE 31-9. Semitendinosus Tenodesis of Patella for Recurrent Dislocation. The patient is placed supine on 
the operating table, and the entire leg is draped free. A tourniquet is used, and one incision is made. Although a medial 
parapatellar incision makes it slightly easier to reach the semitendinosus tendon, a long midline incision. as described for 
proximal realignment is better cosmetically. The tendons on the medial side of the knee are illustrated (A). Note the broad 
expanse of the sartorius. which is the most anterior. The gracilis tendon lies just behind the Sartorius. The semitendinosus 
is the most posterior. behind the knee. and is the deepest or most posterior tendon inserting into the tibia. It is easily 
distinguished from the gracilis. not only by the location of its insertion. but also by its size: it is a much larger tendon. The 
surgeon should not make the mistake of taking the gracilis tendon for repair. 

The medial skin flap is elevated extensively around the medial side of the knees. The dissection must be carried both 
posteriorly and proximally. Flexing the kneed aids in this dissection. The infrapatellar branch of the saphenous nerve can 
usually be observed emerging from the Sartorius. Although a few of its sensory twigs may be divided, care should be taken 
with this nerve to avoid a large area of anesthesia (B). 
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RGURE 31-10. With the knee flexed, the skin flap is retracted with a long blade retractor and blunt dissection is contirr 
ued posteriorly and proximally (A). At this point care should be taken to avoid injury to bath the infrapatellar branch of the 
saphenous nerve and the saphenous nerve itself (see Fig. 31-9}. The tendon can be palpated. As mentioned previously, it 
is a larger structure than the gracilis tendon, which may be taken by mistake. It lies posterior to the Sartorius and gracilis 
tendons in this location. After the tendon is identified and exposed. it should be followed to its musculotendinous junction. 
where it is divided. 

Next, the tendon should be followed to its insertion posterior to the Sartorius and gracilis tendons, freeing all extrane
ous attachments with care to avoid cutting the saphenous nerve (B). If the tendon is not completely freed to its insertion, it 
wi II not have the proper direction and will soon become loose as the fascia that tethered it betomes stretched. 
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FIGURE 31-11. The lateral flap is now dissected to expose the lateral border of the 
patella. A complete lateral release should be performed, at the minimum, including both 
the capsule and the synovium. At this point, the surgeon can decide whether to perform 
a more extensive realignment of the patella with advancement of the vastus medialis 
muscle or a complete proximal realignment. If nothing more is to be done las illustrated 
here for simplicity). a small incision should be made in the medial capsule at the distal 
end of the patella. This will allow palpation of the inferior surface of the patella for more 
accurate placement of the drill hole. 

FIGURE 31·1Z. With the patella held in the desired position and the tendon pulled across the surface of the patella. 
the proper direction for the drill hole can be determined (A). Starting at the inferior medial edge of the patella, a hole 
of sufficient size to allow passage of the tendon is drilled. emerging at the superior lateral comer of the patella (B). In 
directing the drill, the surgeon must be careful to avoid penetrating the articular surface. 
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RGURE 31-13. The tendon is drawn through the hole and pulled 
back on itself. Sufficient tension should be placed on the tendon 
to hold the patella in line with the intercondylar notch. This can 
be tested by flexing the knee while an assistant holds tension on 
the tendon. The tension should be sufficient to create laxity of the 
patellar tendon. 

Note 111e infrapatellar branch of the saphenous nerve that pen
etrates the Sartorius muscle and branches over the medial capsule 
of the knee. The main branch of the saphenous nerve emerges from 
between the Sartorius and gracilis tendons to continue down the leg. 
Care must be taken during both the dissection and the routing of the 
tendon to be certain that those nerve are neither blocked nor kinked. 

The operation is completed by suturing the semitendinosus 
tendon to the periosteum of the patella and, if sufficient length is 
available. to itself. 

'This gtaft reproduces the vector of the patdlotibial 
ligament. It can also be employed when the~:e .is persistent 
instability after already performing a lateral release and MPFL 
recomttuction or VMO advancement (Fig. 31-15). 

If there is an acessive Q angle, distal realignment is 
advocated as well. If the individual is a skeletally mature 
youth, the tibial tubercle is osteotomhed and shifted medi
ally without distal transfer (Elmslie-Trillat procedure) (59) 
(Fig. 31-16A,B). A modification of the Elmslie-Trillat proc:;e-

FIGURE 31-14. To restore tension to the patellar tendon and 
effect some redirection in its line of pull, a Goldthwait procedure 
can be added. This entails splitting the patellar tendon in half, 
detaching the lateral half, directing this half under the medial 
half of the tendon, and attaching it to the periosteum of the tibia 
under moderate tension. At the completion of this step, any muscle 
advancements or other steps to augment the realignment are com
pleted, and the wound is closed over a suction drain. 

dure is the Fulkmon procedure (60), in which a more gener
ous osteotomy of the anterior tibial tubercle is performed and 
the tubercle transferred anteriorly and medially (Fig. 32-16C). 
This procedure is primarily reserved for patdlofemoral pain in 
adults and is not recommended for imtability in adolescents 
or young adults. 

In the imma.ture child with an excessive Q angle and 
open tibial tubercle apophysis, osteotomy is contraindi
cated beca:use of the potential for growth arJ:eSt and genu 

Text continued on page 1612 
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Semitendinosus Tenodesis of Patella for Recurrent Dislocation: The Galeazzi 
Procedure (Figs. 31-15 and 31-16) 

VASTUS MEDIUS 
ADVANCED 

SEMITENDINOSUS 
TENDON 

FIGURE 31-15. Semitendinosus Tenodeis of 
Patella far Recurrent Dislocation: The Galeezzi 
Procedure. The Galeazzi procedure transfers the semi
tendinosus to the inferior pole of the patella. From there, 
it courses through a drill hole placed obliquely through the 
patella, exiting the superior lateral aspect. The tendon is 
then sutured to the soft tissues. This provides a medial 
tether and effectively alters the net vector of the patel
lar tendon toward the medial side. Typically, the vastus 
medialis is advanced approximately one-third the width of 
the patella. 

c 

FIGURE 31-16. A. B: The Elmslie-Trillat 
technique shifts the tibial tubercle medially. 
The tubercle stays in the same plane. C: The 
Fulkerson modification involves an oblique cut 
that results in anterior ttanslation as the tuber
cle is moved medially. This reduces the patel
lofemaral contact forces while shifting the pull 
of the patella medially. 
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FIGURE 31·17. The Roux-Goldthwait procedure splits the patellar 
tendon. The lateral half is transferred beneath the medial side and 
sutured to the periosteum along the metaphysis. This redirects the 
patellar tendon vector more medially. 

recurvatum. In these cases, the patellar tendon may be split 
and the lateral half delivered beneath the medial portion of the 
patellar tendon and sut.ured to the periosteum of the p.toxi· 
mal tibia medially by direct suture or by suture anchors (61) 
(FJ.g. 31·17) • .Ac:cept:able results can be expected in up to 90% 
of cases employing the Roux.-Goldthwait procedure. 

An option is to sharply dissect the entire patellar tendon 
from its insertion using a scalpel and to resuture it more medi· 
ally to restore a normal Q angle (62). Care must be taken not 
to move the insertion too distally, which may lead to patella 
baja and significant pain. 

Rehabilitation following a patellar stabilization proce· 
dure is very important. It is crucial to move the knee early, 
and immobilization in a removable knee immobilizer for 3 to 
4 wc:eks is sufficient for healing . .Active range of motion and 
strengthening are essential parts of the rehabilitation progrun. 
and a resumption of sports activity can be anticipated in 4 to 
6months. 

Autllor·s Preferred Method. The critical steps in correct
ing recurrent patellar instability include a thorough analysis 
of anatomic factors preoperatively and intraoperative evalua
tion of the reconstruction. I employ a stepwise surgical pro
tocol that almost always involves a lateral retinacular release 
and re<:onstruction of the MPFL. If the Q angle is within 
normal limits and the patella is stable, there is no need for 

further surgery. It is imperative that the knee is put through 
flexion and extension to ensure normal patellar tracking and 
to ensure the MPFL reconstruction is not too ambitious, 
in which case it will limit flexion. This is now my preferred 
method of surgical management of the adolescent with recur· 
rent patellar disloc:ation. 

If the Q angle is excessive, distal realignment is performed; 
the Roux·Goldthwait p.roc:edure is used for the skeletally 
immature patients up to 14 years of age and the Elmslie-Trillat 
procedure for patients older than 14 years. 

Meniscallnjuries and Discoid Lateral Meniscus 
Introduction. While the exact incidence of meniscal inju· 
ries in children and adolescents is unknown. these injuries are 
thought to be on the rise due to increased athletic participa
tion, impl'CM:d physician familiarity. and wider availability and 
use of MRI (63). The greater healing potential of the pediatric 
meniscus and the consequences of meniscectomy in a young 
active patient (increased contact forces and early osteoar
thritic changes) underscore the importance of proper diagnosis 
and treatment of pediatric menisc:al injuries. New surgic:al 
techniques have facilitated arthroscopic menisc:al repair which 
has become the standard of care for repairable tears. 

Anatomy and Function. The Cshaped medial meniscus 
covers 50% of the medial tibial plateau and has ligamentous 
attachments to the tibia (through the coronary li~ent) and 
to the deep MCL through the meniscotibial ligament. These 
prevent the medial meniscus from translating more than 2 to 
5 mm with knee motion. The circular lateral meniscus cov· 
ers 70% of the lateral tibial plateau and lacks attachments to 
the fibular collateral ligament and at the popliteus hiatus. This 
results in increased mobility of the lateral meniscus, which 
normally translates 9 to 11 mm during knee motion. Menisc:al 
blood supply arises from the geniculate arteries which form a 
peripheral perimenisc:al synovial plexus. The developing menis
cus is fully vasculari%ed. at birth, and its vascularity gradually 
diminishes to the peripheral 10% to 30% of the meniscus 
(red-red zone) by age 10 at which rime it resembles the adult 
meniscus (64, 65). Synovial diffusion is responsible for nutri· 
cion of the central portion of the meniscus. The menisci are 
load sharing and reduce contact stresses across the knee joint, 
transmitting 50% to 70% of the load in extension and 85% of 
the load in 90 degrees of fla:ion (66). 

Diagnosis. Nondiscoid meniscal rears usually occur in 
older children following a twisting knee injury (65. 67-69). 
Concurrent ligament injuries such as ACL tears are common 
(69). Meniscal injuries in children generally present with joint 
line pain and swelling. The physical aam by experienced. 
examiners reliably diagnoses medial (62% sensitivity, 80% 
specificity) and lateral (50% sensitivity, 89% specificity) menis
c:al tears in children (70). The modified McMurray test-40 
degrees of knee flexion with rotational varus/valgus stress-is 
appropriate for children who resist traditional McMurray test. 
Lachman test is reliable in children, although comparison to 



FIGURE 31-18. Sagittal T2-weighted MRI demonstrating high intra
meniscal signal(whire arrow) in the posterior horn of the developing 
meniscus. 

the other side is necessary (71). Kn~ radiographs including 
tw1nel and sunrise views rule out alternative diagnoses includ
ing patellar subluxation, oste<Jchondritis dissecans (OCD), 
and osteochondral loose bodies (72). 

Sensitivity and specificity rates for MRI diagnosis of 
meniscal tears in skeletally immature cblld.n:n are 79% and 
92% for medial meniscal tears and 67% and 83% for lat
eral men.iscal tears (73). In this population, MRI does not 
improve diagnostic accuracy compared to physical exam by 
an experienced examiner (73). MRI diagnosis of meniscal 
tears in children younger than 12 years old has lower sen
sitivity (61.7% versus 78.2%) and specificity (90.2% versus 
95.5%) compared with children 12 to 16 years old (73). The 
high vascularity of the developing meniscus may cause intra
meniscal signal change that can be misinterpreted as a tear 
(Fig. 31-18) (74). 

Management. Surgery is indicated for the majority of 
symptomatic meniscal tears in children. Small longitudinal 
tears (<10 mm) in the peripheral red-red zone that are manu
ally displaceable by <3 mm will often heal on their own (75). 
For larger and unstable tears, meniscal repair is preferred aver 
meniscectomy as high rates of osteoarthritis are noted at 1 0 to 
20 years following meniscectomy (76). 

Most meniscal tears (50% to 90%) in children are periph
eral longitudinal tears that have high healing potential (77). 
Bucket handle tears are not uncommon and often involve 
a large portion of the meniscus. Given the consequences of 
partial meniscectomy and healing potential in this age group, 
meniscal repair should be attempted for most middle and 
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peripheral third tears, especially in the setting of ACL recon
struction. Degener.ati.ve patterns such as horizontal cleavage 
tears, radial tears, and complex tears are less common and may 
require partial meniscectomy. In these cases, a judicious partial 
meniscectomy is recommended as contact forces increase with 
the volwne of meniscal tissue removed (78). 

Arthroscopic meniscal repair is ac:complished using out
side-in, inside-out, and all.·inside techniques. Common sur
gical principles include repair site preparation with abrasion 
or trephination and anatomic reduction followed by stable 
fixation. Rt:ce.nt advances have expanded the role of all-inside 
repair. Second-generation suture-based systems limit chon
dral wear and provide suture compression across the tear. For 
smaller knees, all-inside repair places the posterior neurovascu
lar structures at risk due to instrument size and overpenetra
tion of the posterior capsule. A standard inside-out approach is 
safest in these cases. Antetior hom tears are best repaired with 
an outside--in approach. 

Results. Few studies have specifically analyzed results of 
meniscal repair in chlldren. The first report showed 100% 
clinical healing at 5-year follow·up on 26 patients of mean 
age 15.3 (range 11 to 17) who underwent 29 menisca1 repairs 
using inside-out (25) and all-inside (4) technique (79). Another 
srudy analyzed arthroscopic meniscal repair on 71 children of 
mean age 16 (range 9 to 19, 88% were skeletally immature) 
using an inside-out technique on meniscal tears extending into 
the central avascular zone. At mean follow-up of 51 months, 
53 of 71 patients (75%) were clinically healed including 39 of 
45 (87%) who undetwent simultaneous ACL reconstruction 
(80). More rc:cendy. rettospecti~ results of meniscal repair in 
12 ch.i1dren of mean age 13 (range 8 to 16) have been reponed. 
At 3-year follow-up, seven patients were asymptomatic, two 
had occasional pain, and three (25%) required reoperation for 
partial meniscectomy (81). Long-u:.rm data are lacking and 
hence whether meniscal repair will lower the rate of future 
osteoarthritis remains unknown. Potential complications fol
lowing meniscal repair in children include neurovascular 
injury, arthrofibrosis, and i.nkction. Of the series above, only 
two cases of arthrofibrosis and one painful neuroma of the 
infrapatellar branch of the saphenous nerve were reported (79). 

Discoid Meniscus Introduction. First described through 
cadaveric dissection by Young in 1887, discoid morphology 
implies a block-shaped, thickened, and enlarged meniscus 
that occupies a larger than normal percentage of the tibial 
plateau (Fig. 31-19). Ocauring most commonly in the lat
eral meniscus (97%) and in the Asian population (15%), the 
true prev.llence is unknown since many discoid menisci are 
asymptomatic (82, 83). Normal menisci are never discoid dur
ing development and hence discoid menisci likely represent a 
congenital variant (64, 84). 

Anatomy and Classification. Watanabe's ~ic n:pon on 
discoid menisci d.escribed three variants: type 1 (complete, stable) 
and type 2 (incomplete, stable) are unifonnly thickened (8 to 
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FIGURE 31·19. Arthroscopic view of a block-shaped. thickened dis
coid lateral meniscus (D). 

10 mm) and block shaped but differ in the amount of tibial pla
teau they cover (type 1-complete, type 2-<80%). Watanabe 
type 3 (uns1ahle, Wrisberg-wria.nt) discoids have wried appear
ance but lack peripheral posterior attachments except for the liga
ment ofWrisberg (85). Discoid menisci more likely represent a 
spectrum of abnonnalities of size, shape, and peripheral rim stabil
ity. A recent series of 128 discoid lateral menisci (62% complete, 
38% incomplete) found peripheral rim instability in 28%, with 
instability oc:cwring at the anterior hom (47%), posterior dW:d 
(39%), and middle third (11%) (86). Rim instability was associ
aa:d with young age (mean age 8.2) and complete discoids (86). 

Discoid menisci have less total number of collagen fibers 
and a more disorganized arrangement, which may be respon
sible for higher tear rates (87). Horizontal cleavage tears are 
most common (58% to 98%), likely from repetitive micro
tr.Wma causing delamination (72, 8~91). Tear pathology 
often shows mucoid fibrinous degeneration (91). 

Diagnosis. Most discoid menisci are asymptomatic, 
although some unstable variants present early as the snapping
knee syndrome. Painless snapping occurs as the knee moves 
from fle:rio.n to extension and the unstable meniscus reduces 
back. to its normal position. Physical exam may reveal a lateral 
joint line bulge with knee flexion and McMwray testing may 
elicit a clunk. The contralateral knee is involved in up to 20% of 
cases. Stable discoid menisci are asymptomatic but prone to tear 

and often present in older adolescents with signs of meniscal 
injury Qoint line pain, effusion, positive McMunay test) (64). 

Radiographs are usually normal, though classic findings 
include squaring of the lateral femoral condyle, cupping of the 
lateral tibial plateau, widening of the joint line, and menis
cal calcification. MRI has low sensitivity (38.9%) compared 
to physical exam (88.9%) for diagnosis of discoid lateral 
meniscus in children (73). On MRI. sagittal images may show 
the bow-tie sign (three or more 5-mm slices with continu
ity between the anterior and posterior horns), while coronal 
images may show a meniscal diameter >15 mm or >20% of 
the total tibial width (Fig. 31~20A,B) (72, 92). Many discoid 
menisci are incomplete and appear normal (70). The Wrisberg 
variant may show subtle anterior subluxation of the posterior 
hom, with high T2 signal interposed betwc:en the posterior 
hom and capsule (93). 

A 8 

RGURE 31-20. A: T1 weighted coronal image of a discoid lateral 
meniscus (white anowl occupying the entire lateral tibial plateau. 
B: 12-weighted sagittal image showing continuity between the ante
rior and posterior horns (bow-tie sign}. 

Management. Asymptomatic discoid menisci are left alone. 
When noted incidentally during arthroscopy; most authors rec
ommend no treatment as the knee may have adaptQ! to discoid 
anatomy (70, 89). Symptomatic discoid menisci are best treated 
with preservation of meniscal tissue through arthroscopic sau~ 
c:erization as opposed to total meniscectomy. 

The goal of arthroscopic saucerization of a discoid lat
eral meniscus is to create a stable and functioning meniscus 
that will provide adequate shock absorption without retearing 
(1, 409). Most authors recommend leaving a peripheral rim of 
tissue 6 to 8 mm intact as larger remnants are associated with 
higher retear rates (89, 91, 94). The indentation on the lateral 
femoral condyle and the size of the medial meniscus can also 
be used to guide the amount of resection (72). Saucerization is 
accomplished using a combination oflow~profile arthroscopic 
baskets, shavers, and a meniscal knife (Fig. 31~21A-C). 

Cleavage tears within the zone of saucerization are excised. 
Following sauc:e.rization, peripheral rim stability is c:arefully 
assessed with a probe. Meniscal repair to capsule using stan
dard technique .is necessary for unstable areas of the saucerized 
meniscus. 

Results. Total meniscectomy is still favored by a minority 
of authors who feel that residual discoid tissue is abnormal 
and will not function properly (95, 96). However, many stud~ 
ies report significantly high rates of osteoarthritis following 
total men.isc:ectomy (68, 76, 90, 97, 98). One reported clini~ 
cal and radiographic changes consistent with lateral compart~ 
ment arthritis at 19.8 years follow~up in 10 of 17 children 
treated with total me.nisc:ectomy (90). Another analysis of 
125 discoid menisci thar underwent partial or total meniscec
tomy found that the partial meniscectomy group had better 
results at 5-year follow-up and long-term prognosis was related 
to the volume of meniscal tissue removed (97). 

Recent stUdies show favorable short-term results for 
arthroscopic saucerization. Good to c:xt:ellent clinical results and 
no degencnti.ve changes on radiographs wtte reported in a series 
of 11 children treated with arthroscopic saucerization at 4.5 years 
follow~up (99). Another series of 27 comc:cutive childzen mean 
age 10.1 who underwent arthroscopic sauccr:izarion noted a 77% 
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rate of peripheral instability requiring repair (88). At 3.1-year 
follow-up, excellent clinical results were noted in all patients. 
I..ong-tenn studies showing the efficacy of saucerization in p~ 
venting lateral compartment knee arthritis ate lacldng. Meniscal 
allograft transplantation may be an option for symptomatic 
patients who previously und~t total meniscectomy for dis-
ooid .lateral meniscus. A .t:'C<%1lt report on meniscal. allograft t:tans-

plantation in 14 patients at mean follow-up of 4.8 years showed 
that Lysholm knee scores improved fi:om 71.4 to 91.4, while six 
second-look arthroscopies revealed only one retear (100). 

Tibial Spine Fracture 
Introduction. The avulsion fracture of the tibial intercon
dylar eminence usually occurs in individuals between the ages 
of 8 to 14 with no predilection for gender. This is still a rela
tively rare injury accounting for about 2% of knee injuries or 
3 per 100,000 children per year (101, 102). Classically, pedi
atric tibial spine fractun:s occurred fi:om bicycling accidents, 
although they ate also seen 'With pedestrian-motor vehicle 
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FIGURE 31-21. A: Saucerization of a discoid lateral meniscus. 
B: Low-profile basket begins the saucerization. C: Final appearance 
after saucerization with a 6- to 8-mm rim of meniscal tissue preserved. 

accidents or sports injuries (103-105). Although far less com
mon, tibial spine fracture can occur in adults and frequently 
involve lesions of the meniscus, capsule, or collateral. ligaments 
because they are associated with higher energy mechanisms 
(106-111). 

Fraaures of the tibial spine are avulsion fractures of the 
ACL insertion and, in addition to disrupting ACL continuity, 
may. depending on the size of the fiacrure, involve the artiru
lar surfuce of the tibia (112, 113). Noyes has shown that as 
the subchondr.d bone fulls, a dongation or stretch of the ACL 
occurs (112). This has led many authors to equate this injury to 

the midsuhstance ACL rupture in adults (104, 105, 11~120). 
Historically. treatment has evolved from closed treatment 

of all fractures to operative ll'ea.tment of certain types. Garcia 
and Neer (121) reported 42 fractures of the tibial spine in 
patients ranging in age from 7 to 60 years with successful closed 
management in half their patients. Meyers and McKeever 
(103), recommended arthrotomy and open reduction for all 
displaced fi:acrures, followc:d by cast immobilization with the 
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knee in 20 degrees of flexion. Gronkvist et al. (117) reported. 
late instability in 16 of 32 children with tibial spine fractures 
and recommended surgery for all displaced tibial spine frac
tUreS particularly in children over 1 0 years of age because of 
increased demand on the ACL-tibial spine complex. In a com
parison of displaced tibial spine ftactures, McLennan (122) 
reported on 10 patients treated with either closed reduction or 
arthroscopic reduction with or without internal fixation. After 
a second-look arthroscopy at 6 years, those treated with closed 
reduction had more knee laxity than those treated ardu:oscopi
cally. 

Modem treaone:nt is based on fracture type. Fractures that 
are able to be reduced can be treated closed. Hinged and dis
placed fractures that do not reduce require open or arclu:oscopic 
reduction with internal fixation. A variety of treatment options 
ha-re been reported., with the goal of obtaining a stable, pain
free knee. The prognosis for closed treatment of nondisplaced 
and reduced tibial spine fractures and fur opetative treatment 
of displaced fractures is good. Most series report healing with 
an excdlent functional outcome despite some residual knee 
laxity (114, 115, 119, 120, 122--129). Potential complications 
include nonunion, malunion, arthrofibrosis, residual knee lax
ity, and growth disturbance (114) 115, 119, 120, 122-133). 

Mechanism of Injury. The most common mechanism 
of tibial eminence fiacrure in children has been a fall from a 
bicycle, but with increased participation in youth sports at ear
lier ages and hlgber competiti-re lems, fractures resulting from 
sporting activities are being seen with i.ncreased frequency. 
The differential injury patterns of an ACL tear versus a tibial 
eminence fracture in the skeletally immature knee may be due 
to loading conditions, biomechanical properties, and ana
tomical differences (112, 113, 119, 134). The most common 
mechanism of tibial eminence fracture is forced valgus and 
external rotation of the tibia, although tibial spine avulsion 
fractures can also occur from hyperflaion, hypere:nension, or 
tibial internal rotation. Slower loading rates, .relative weakness 
of the incompletely ossified intercondylar eminence compared 
to the ligament rnidsubstance, greater elasticity of the ACL, 
and a wider intercondylar notch are belie-red to preferentially 
result in tibial spine avulsion fracture (112, 113, 119, 134). 

In a biomcchanical cadaver study, a fracture of the ante
rior tibial eminence was simulated by an oblique osteotomy 
beneath the eminence and traction on the ACL. In each speci
men, the disp~d fragment could be reduced into its bed by 
extension of the knee. likely ~ted by the latetal femoral 
condyle (135). In experimental models, midsubstance ACL 
injuries tend to occur under rapid loading rates, whereas tibial 
eminence avulsion &actumi tend to occur under slower load
ing rates (112). 

Additionally, intercondylar notch morphology may also 
influence injury patterns. In a .retrospecti-re study of 25 skel
etally immature patients with tibial spine &actures compared 
to midsubstancc: ACL injuries, Kocher et al. (134) found nar
rower inten:ondylar notches in those patients sustaining mid
substance ACL injuries. 

Physical Examination. & with patients with fractures 
around the knee joint, tibial spine fractures present with a pain
ful swollen knee (hemarthrosis), limitation of lcnee motion, 
and diffirulty with weight bearing. Ewluation should con
sist of a thorough history and physical examination. Sagittal 
plane laxity is often present, but the conttalateral knee should 
be assessed for physiologic laxity. However, pain may make a 
thorough examination of the ligaments difficult. If possible, 
gentle stress testing should be pcrfonned to dercct any tear of 
the MCL or LCL. Patients with a late malunion of a displaced 
tibial spine fi-aaurc may laclc full extension because of a bony 
block. PatientJ with a late nonunion of a displaced tibial spine 
fracture may have increased knee laxity, a positive Lachman 
examination, and pivot-shift examination. A complete neuro
logical and vascular examination should be performed. 

Imaging. Standard roentgenogr.uns and anteroposterior, 
lateral, and notch radiographic views are usually diagnostic. 
The fracture is best seen on the lateral and notch views (Fig. 
31-22A,B). Radiographs should be carefully scrutinized as the 
avubcd fragment may be mostly nonossified cartilage with 
only a small, thin ossified portion visible on the lateral view. 
If necessary, computed tomographic (CD scanning allows 
refined definition of the fracture anatomy. 

MRI is not typically needed in the diagnosis and manage
ment of tibial eminence fractureS in children. MRI may be 
helpful to confirm the diagnosis in cases with a very thin ossi
fied portion of the avulsed fragment and to evaluate associated 
collateral ligament and chondral, meniscal, or physeal pathology; 
~ these are uncommon. If distal pulses are abnormal or 
a dislocation is suspected, an anttiogtam should be obtained. 

Associated Injuries. Associated intra-articular injuries 
are .relatively uncommon. Intercondylar eminence fractures 
may include or be associated with any combination of bone, 
chondral, men.iscal, or ligamentous injuries (108). However, 
in a more recent series of 80 skeletally immature patients 
who underwent surgical fixation of tibial eminence fractures, 
Kocher et al. (136) found no associated chondral injuries 
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FIGURE 31-22. Anteroposterior (A) and lateral (B) radiographs of a 
displaced tibial spine fracture. 



FIGURE 31-23. Meniscal tear in conjunction with a tibial spine 
fracture. 

and associated meniscal tear in only 3.8% (3/80) of patients 
(Fig. 31-23). Associated collateral ligament injwy or proximal 
AO. avulsion in conjunction with a tibial spine fi:actute has 
also been reported (137, 138). 

Classification. The classification system of Meyers and 
.Mc:'Keevtt (103, 139) is based on the degree of displacement 
and is widely used to classifY fi:actutes and to guide ueatment 
(Fig. 31-24). Zaric.znyj (140) later modified this classification 
to include a fourth type which are comminuted fractures of 
the tibial spine. 

1. Type 1-minimal displacement of the tibial spine fragment 
from the rest of the proximal tibial epiphysis 

2. Type 2--displacement of the anterior third to half of the 
avulsed fragment, which is lifted upward but remains 
hinged on its posterior border which is in contact with the 
proximal tibial epiphysis 

3. Type ~mplete separation of the avulsed fragment 
from the proximal tibial epiphysis, usually associated with 
upward displacement and rotation 

A B 
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The interobserver reliability between type 1 and type 2/3 
fi:actutes is good; however differentiation between type 2 and 
3 fractures may be difficult (134). 

Surgical and Applied Anatomy. Between the condyles, 
the intercondylar eminence or spine is the insertion point for 
portions of the menisci and the anterior and posterior cruciate 
ligaments (PCLs). The tibial eminence is triangular and refi:rs 
to the portion of the proximal tibia where there are two ridges 
of bone and cartilage. In the immatll.re skeleton, the proximal 
sur:fuc:e of the eminence is covered enti.rely with cartilage. The 
ACL attaches distally to the anteromedial portion of the tibial 
intercondylar eminence (Fig. 31-25). The PCL inserts on the 
posterior aspect of the proximal tibia. distal to the joint line. 
Both menisci insert into the tibia in the region between the 
lateral and medial eminences, but there is no direct connec
tion between the ACL and the menisci. In 12 patients with 
displaced tibial spine fractutes that were unable to be reduced 
closed, Lowe et aL (141) reported that the anterior horn of the 
lateral meniscus and the ACL were attached simultaneously 
and pulling in different directions. 

Meniscal or intermenisc:alligament entrapment under the 
displaced tibial eminence fragment can be common and may 
be a rationale for considering arthroscopic or open reduction 
in displaced tibial spine fracwres (Fig. 31-26) (108, 136. 142, 
143). Meniscal entrapment can prevent the anatomic reduc
tion of the tibial spine fragment, which may result in increased 
anterior laxity or a block to extension and knee pain after the 
fracwrehas healed (104, 105. 117, 118, 122). Mah et al. (144) 
found medial meniscal entrapment preventing reduction in 8 
of 1 0 children with type 3 fracwres undergoing arth.roscopic 
management. In a consecutive series of 80 patients who 
underwent surgical fixation of tibial eminence fractures which 
were not able to be .reduced closed, Kocher et al. (136) found 
entrapment of the anterior hom medial meniscus (n = 36), 
intermeniscalligament (n = 6). or anterior horn lateral menis
cus (n = 1) in 26% of type 2 fracwres and 65% of type 3 
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RGURE31-24. MeyersandMcKeever 
classification system of tibial spine frac
tures in children. A: Type 1: Minimal 
displacement. B: Type 2: Displaced and 
hinged posteriorly. C: Type 3: complete 
displacement. (From Beaty JH. Kasser 
JR, eds. Rockwood & Wilkins' fractures 
in children. Philadelphia, PA: Lippincott 
Williams & Wilkins, 201 0, with permis
sion.! 
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FIGURE 31·25. ACL insertion onto the anteromedial portion of the 
tibial eminence. 

fractureS. The entrapped meniscus can typically be extracted 
with an arthroscopic probe and retracted with a retaining 
suture (Fig. 31~27). 

Currant Treatment Options. Current treattnent options 
include cast immobilliation (125, 127), closed reduction with 
immobilization (104, 120), open reduction with immobi~ 
tion (127), open reduction with internal fixation (120, 128), 
arthroscopic reduction with immobilization (145), arthroscopic 
reduction with a variety of fixation methods, including: suture 
fixation (125, 130, 144, 146-148), wire (149), screw fixation 
(115, 125, 145, 150), anchor fixation (151), and bioabsorb· 
able nail fixation (148). Many options still persist regazding the 
fixation of the fTac:ture and have all been used with good suc
cess; most commonly; suture or screw fixation is used. Rt:cent 
stUdies are equivocal in terms of strength of fixation, although 
suwre fixation may be favored since it has the advantages of 
eliminating the risks of comminution of the fracture fragment, 
posterior neurovascular injury, and the need for hardware 
removal (147-149, 152). 

The goal of treatment of a tibial spine avulsion is anatomic 
reduction; however, there is controversy regarding whether the 
tibial spine should be oveneduced. Theoretically, over reduction 
may lead to excessive tightening of the ACL and limitation of 
knee motion (153). On the other hand, it is likely that penna-

RGURE 31-26. Anterior hom of the medial meniscus entrapped 
under tibial spine fragment. 

FIGURE 31-7:1. Use of a retention suture to retract dte anterior hom 
of the medial meniscus. 

nent intersubstance stretching of the ACL oa:urs befUre the 
fracture (112), and therefore oven-eduction could be consid~ 
ered. Although fun:her clinical or in vilro research is required, 
long·tenn evaluation of wd.l·reduccd tibial eminence fractures 
shows subtle increases in anteroposterior knee laxity without 
functional deficit (114, 117, 119, 124, 131, 141, 150). 

Closed treatment is typically utilized for type 1 fractures 
and for type 2 or 3 fractures that are able to be successfully 
reduced closed. Aspiration of the hematoma is perfOrmed fust 
and closed reduction is achieved by placement of the knee in full 
extension or 20 to 30 degrees of flexion. If the fracture fragment 
extends into the medial or lateral tibial plateaus, full extension 
may aid reduction through pressure applied by medial or lateral 
femoral condyle congruence, whereas fractures confined com~ 
pletely within the intercondylar no~h may not reduce. Portions 
of the ACL are tight in all knee positions; therefore there may 
not be any one posicion that exists without traction being 
applied by the AO. wh.ich may prevent anatomic reduction. 
Radiographs are utilized to a£SeSS the adequacy of reduction. 

Closed reduction can be successful fur some type 2 frac
tures, but is fi:equendy not successful for type 3 fractures. In 
their series, Kocher et al. (136) reponed closed reduction in 
approximately 50% of type 2 fracwres (26/49) with unsuc
cessful closed reduction in all 57 of the type 3 fiactures. 
Arthroscopic or open reduction with internal fixation of type 

2 and 3 tibial eminence fractures that do not reduce has been 
advocated due to the potencial for clinical instability and loss 
of c:m:nsion ~ociated with closed reduction and immobiliza· 
cion, the ability to evaluate and treat injuries, and the oppor· 
runity for early mobilization (124, 142-144). For displaced 
type 2 and 3 fractures, Wtley and Baxter found a correlation 
between fracture displacement with measured knee laxity 
despite good patient function (5, 119). 

Author's Preferred Treatment The author's algo
rithm fur the treannent of tibial spine fractureS is shown in 
Figure 31-28. 

Type 1 fractures are treated with cast immobilization after 
aspir.u:ion of the hematoma. A local anesthetic can be injected 
into the joint under sterile conditions if the patient is in severe 



Tibia I Spine Fracture 

Type 1 Fra~;t:ure Type 2 or 3 Frar:ture 

Cast immobilization 
Aspiration & Attempt 
at Closed Reduction 

Successful 
Raduction 

Cast immobilization 

Irreducible 
Operative Treatment 

L Open or Arthroscopic 
Redur:tion & Internal 

Fixation 

FIGURE 31-28. Author's preferred treatment algorithm for tibial 
spine fractures in children. 

pain. A long-leg cast is applied in 0 to 20 degrees of flexion; 
we usually avoid a cylinder cast due to slippage and malleolar 
irritation. The patient and family are cautioned to devate 
the leg to avoid swelling. Radiographs are repeated in 1 to 
2 weeks to ensure that the fragment has not displaced and 
alignment is adequate. The cast is removed 6 weeks after injury. 
A hinged knee brace or a custom ACL brace is used, and physi
cal therapy is initiated to regain motion and strength. Patients 
are typically allowed to return to sports at 3 months after in jury 
if they demonstrate fracture healing and adequate motion and 
strength; the use of an ACL is encouraged for 6 months. 

Type 2 fractures are initially treated with an attempt 
at dosed reduction. The hematoma is aspirated and local 
anesthetic is injected into the knee under sterile conditions. 
Reduction is attempted at both full extension and 20 degrees 
of flexion. Radiographs are taken to assess reduction. If ana
tomic reduction is obtained, a long-leg cast is applied in the 
position of reduction and the protocol for type 1 fractures is 
followed. If the fracture does not reduce adequately or if the 
fracture displaces later, operative treatment is performed. 

Type 3 fractures may be treated with attempted dosed 
reduction; however this is usually unsuccessful and operative 
treatment is typically performed. 

The author's preferred operative treatment is arthroscopic 
reduction and internal fixation. Open reduction through a 
medial parapatdlar incision can also be performed per surgeon 
preference and/or experience or if arthroscopic visualization is 
difficult. 

Arthroscopic Reduction and Internal Fixation 
with Epiphyseal Cannulated Screws. A standard 
arthroscopic operating room setup is utilized. The patient 
is placed supine and general anesthesia is typically used. 
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A standard arthroscope can be used in most patients while a 
small (2.7 mm) arthroscope is used in younger children. An 
arthroscopic fluid pump is used at 35 torr in order to prevent 
excess bleeding and a tourniquet is routindy used. Standard 
anteromedial and anterolateral portals are established and 
accessory superomedial and superolateral portals are used 
for screw insertion. The hematoma is evacuated prior to the 
insertion of the arthroscope. 

A thorough arthroscopic examination of the entire 
knee joint is conducted to evaluate for concomitant injuries. 
Frequently, we excise some portion of the anterior fat pad 
and ligamentum mucosum with an arthroscopic shaver for 
complete visualization of the intercondylar eminence frag
ment. An entrapped meniscus or intermeniscalligament can 
be extracted with an arthroscopic probe and retracted with a 
retention suture insetted from outside in (Fig. 31-27). The 
base of the tibial eminence fragment is elevated (Fig. 31-29A) 
and the entire fracture bed debrided with an arthroscopic 
shaver and hand curette (Fig. 31-29B). Anatomic reduction is 
obtained using a probe, rnicrofracture pick, or Kirschner wire 
with the knee in 30 to 90 degrees of flexion (Fig. 29-19C). 
Cannulated guide wires are placed through portals just off the 
superomedial and superolateral borders of the patdla through 
the accessory portals at the base of the ACL. Fluoroscopic 
assistance is utilized to confirm anatomic reduction, guide 
correct wire orientation, and avoid the proximal tibial physis. 
A cannulated drill is used over the guide wires, and one or two 
screws are inserted based on the size of the tibial eminence 
fragment (Fig. 31-29D). Partially threaded 3.5-mm diam
eter screws (Fig. 31-29E) are used in children and 4.5-mm 
diameter screws are used in adolescents. The knee is evaluated 
through a full range of motion to ensure rigid fixation without 
fracture displacement and to ensure that there is no impinge
ment of the screw heads in extension. 

Postoperatively, patients are placed in a postoperative 
hinged knee brace and maintained touchdown weight bear
ing for 6 weeks postoperativdy. Motion is restricted to 0 to 
30 degrees for the first 2 weeks, 0 to 90 degrees for the next 
2 weeks, and then full range of motion. The brace is kept 
locked in extension at night. Radiographs are obtained to 
evaluate the maintenance of reduction and fracture healing 
at 2 and 6 weeks (Fig. 31-30A-D). Cast immobilization in 
20 to 30 degrees of flexion for 4 weeks postoperatively may be 
necessary in younger children unable to comply with protected 
weight-bearing and brace immobilization. Physical therapy 
is utilized to achieve motion, strength, and sport-specific 
training. Patients are typically allowed to return to sports at 
12 to 16 weeks postoperativdy depending on knee function 
and strength. Screws are not routindy removed. Functional 
ACL bracing is utilized if there is residual knee laxity. 

Arthroscopic Reduction and Internal Fixation with 
Suture. Arthroscopic setup and examination is similar to the 
technique described for epiphyseal screw fixation. Accessory 
superomedial and superolateral portals typically are not used. 
A small incision is made just medial and distal to the tibial 
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RGURE 31-29. Arthroscopic reduction and 
insertion of cannulated screw internal fixation for 
a displaced tibial spine fracture. A: Tibial spine 
fragment. B: Elevation and debridement of the 
fracture bed. C: Reduction of tibial spine frag
ment. D: Drilling with a cannulated screw system. 
E: Insertion of a 3.5-mm screw. 

B 
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FIGURE 31-30. Type 3 tibial spine fracrure treated with arthroscopic reduction and screw fixation. A: Preoperative antero
posterior radiograph. B: Preoperative lateral radiograph. C: Postoperative anteroposterior radiograph. D: Postoperative lateral 
radiograph. 
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tubercle as would be perfonned for an ACL .n:conmucrion. 
After the fractu.te is debrided and slighdy over:reduccd, a tibial 
ACL guide system with the tibial aimer set at 55 degrees is used 
to place two guide wires through the base of the ACL. The 
guide wires will traverse the tibial physis, but no cases of growth 
arrest after suture fixation have ~n reported. The guide wires 
are exchanged for Hewson suture passers and two heavy absorb
able sutures are passed through the Hewson suture passers and 
the base of the ACL using a suture punch (Fig. 31-31A-C) 
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FIGURE 31-31. Treatment of a type 2 tibial spine fracture with 
arthroscopic reduction and suture fixation. A: Drilling of guide wire 
with ACL guide system. B: Hewson suture passers on either side of 
ACL and passage of absorbable sutures through the ACL. C: Final 
appearance after suture fixation. 

or a suture lasso. The sutures are rettim:d through the tibial 
tubercle incision, and the sutu.n:s are tied down onto the tibia. 
The procedure may be repeated for additional sutures. The 
postoperative protocol is the same (Fig. 31-32A.-D). 

Pearls and Pitfalls. When managing tibial eminence frac
tures with closed reduction, follow-up radiographs must be 
obtained at 1 and 2 weeks postinjury to verifY maintenance 
of reduction. Late displacement and malunion can occur, par-
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FIGURE 31-32. Type 2 tibial spine fracture treated with arthroscopic reduction and suture fixation . .A: Preoperative antero
posterior radiograph. B: Preoperative lateral radiograph. C: Postoperative anteroposterior radiograph. D: Postoperative lateral 
radiograph. 
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ticularly for type 2 fractures. The injection of local anesthetic 
under sterile conditions can be helpful to minimize pain and 
allow for full knee extension in attempts at closed reduction. 

During arthroscopic reduction and fixation of tibial spine 
fractures, visualization can be difficult unless the large hema
toma is evacuated prior to the introduction of the arthroscope 
and bleeding from the fracture is controlled. Adequate inflow 
and outflow is essential for proper visualization, and we rou
tinely use an arthroscopic pump and a tourniquet to achieve 
this. Careful attention should be paid to prepare the fracture 
bed to provide optimal conditions for bony healing. A slight 
overreduction of the fracture is attempted. 

Epiphyseal cannulated screw fixation of small or com
minuted tibial eminence fragments can fail due to inadequate 
bony purchase or further comminution; in these cases, suture 
fixation is preferred. If epiphyseal cannulated screw fixation 
is used, fluoroscopy is necessary to ensure that the screw does 
not traverse the proximal tibial physis, which may result in a 
proximal tibial physeal growth arrest (3, 129). 

Early mobilization is useful to avoid arthrofibrosis which 
can occur with immobilization. However, in younger children, 
compliance with protected weight bearing and brace use can 
be problematic, and they must be casted. 

Prognosis and Complications. The overall prognosis of 
tibial eminence fractures is good to excellent if satisfactory 
reduction is achieved as shown in most studies. However, some 
studies have found no difference in the outcome of displaced 
tibial spine fractures treated closed versus open or arthroscopic 
(112, 114, 117, 119, 120, 154). A majority of studies have 
found residual laxity of the knee after open or closed treatment 
for all tibial eminence fracture types up to 6 mm compared to 
the contralateral side (104, 105, 110, 114, 115, 120, 124-126, 
154). Baxter and Wiley (114, 119) found excellent functional 
results without symptomatic instability in 17 pediatric knees 
with displaced tibial spine fractures, despite a positive Lachman 
examination in 51% of patients and increased measured mean 
knee laxity up to 3.5 mm. In a study of 12 pediatric knees 
undergoing open reduction and internal fixation, Smith 
found subluxation symptoms in two patients despite positive 
Lachman examinations in 87% of patients (131). Willis et 
al. (120) reported excellent clinical stability in all 50 children 
treated either closed or open despite a positive Lachman exam 
in 64% of patients and instrumented (KT-1 000) knee laxity of 
3.5 mm for type 2 fractures and 4.5 mm for type 3 fractures. 
Similarly; Janarv et al. (118) and Kocher et al. (124) also found 
excellent functional results despite persistent laxity in up to 
80% of the patients even with an anatomic reduction. 

This laxity is worse with type 3 injuries, pedestrian motor 
vehicle trauma, or with other associated ligament tears (1 04, 
105, 110, 114, 115, 120, 124-126, 154). This increased laxity 
is likely due to intrasubstance stretching of the ACL during 
the injury. At the time of tibial spine fixation, the ACL often 
appears hemorrhagic within its sheath, but grossly intact and 
in continuity with the bony bed of tibia. However, ACL injury 
after previous tibial spine fracture is rare. 

Poor results may occur after eminence fractures associ
ated with unrecognized injuries to the collateral ligaments or 
physeal fracture (131, 155, 156). In addition, hardware across 
the proximal tibial physis may result in a growth disturbance 
with a recurvatum deformity (129). Malunion of type 2 and 
3 fractures may cause bony impingement of the knee during 
full extension (126, 157). This can be corrected by excision of 
the malunited fragment and anatomic reinsertion of the ACL 
or, excision of the fragment and ACL reconstruction can be 
considered in adults and older adolescents. 

Nonunion of type 2 and 3 tibial spine fractures treated 
closed can usually be managed by arthroscopic or open reduc
tion with internal fixation with or without bone graft (133, 
158, 159). Debridement of the fracture bed and the fracture 
fragment to bleeding bone is essential to optimize bony heal
ing. and bone graft may be required in some cases. Excision 
of the fragment and ACL reconstruction can be considered in 
adults and older adolescents. 

Arthrofibrosis, particularly, loss of extension, can occur 
after tibial spine fracture, even after anatomic reduction (132). 
This is thought to be due to the local increase in blood supply 
during healing, which leads to spine enlargement or arthrofi
brosis which can cause a mechanical block to extension. Early 
range of motion and mobilization is essential to try to pre
vent loss of motion. Dynamic splinting and aggressive physical 
therapy can be employed during the first 3 months from frac
ture if stiffness is present. If stiffness persists after 3 months, 
a manipulation under anesthesia and a lysis of adhesions 
can be performed. Overly vigorous manipulation should be 
avoided in order to avert injury to the proximal tibial or distal 
femoral physis. A notchplasty can be performed if near skeletal 
maturity to regain extension. 

Anterior Cruciate Ligament Injury. The knee is the 
most common site of injury in the skeletally immature athlete 
(160). The incidence of ACL tears appears to be on the rise. 
The treatment of these injuries is controversial. Nonoperative 
management can lead to functional instability and difficulty 
with cutting and pivoting sports. Additionally, the pathologic 
shear forces are associated with meniscal and chondral dam
age over time. ACL reconstruction in children and adolescents 
risks iatrogenic injury to the physis. This article reviews the 
historic perspective of ACL injuries in the young patient, clini
cal and diagnostic findings in children, treatment options, and 
results of treatment. 

Historic Perspective. The ACL is the principal intra
articular stabilizer of the knee. As in adults, an ACL injury in a 
child or adolescent is usually a noncontact valgus injury. Prior 
to the 1980s, these injuries were thought to be rare in the pedi
atric athlete. Advances in diagnostic imaging and improved 
clinical acumen have allowed physicians to identify midsub
stance ACL tears in patients with open physis ( 124, 136, 161). 

The results of nonoperative management in children 
are consistently associated with poor outcomes (162, 163). 
Aichroth et al. reported on 23 children that were treated 



nonope.r:atively between 1980 and 1990. At final follow-up, 
meniscal tears were present in 15 knees, 3 osteochondral frac
tures occurred, and osteoarthritic changes developed in 10 
knees. From 1980 to 1985, McCarroll followed 16 patients 
under the age of 14 with open physes and midsubstance tears of 
the ACL treated without ~onstruction. Six patien~ under
went arthroscopy for menis<:al tears. Only seven patien~ 
returned to spo~. all experiencing rewrrent episodes of giving 
way, effusions, and pain. 

Attemp~ at primary .repair of the ligament in children have 
resulted in poor outcomes (164). Engebreaen et al. presented 
eight adolescents who were followed 3 to 8 years after primary 
suture of a midsuhst:mce rupture of theACL Only three patients 
had good function, and five were functionally unstable. Failure 
of primary repair has led to the development of a v.uiety of p~ 
cedures to stabilize the knee. Surgical options include transphy
seal, pattial transphyseal, and phpeal-sparing reconstructions. 

1ibial Spine Fractures and Partial Anterior Cruciate 
Ligament Tears. It is important to understand the dif
ferent types of injuries that can occur in the skeletally imma
ture patient. Parcial ACL tears and avulsion fractures of the 
tibial spine are more common in the pediatric population 
(69). Eu:cl.lent functional resul~ have been reponed following 
arthroscopic reduction and internal fixation of tibial spine frac
tures, although long-term follow-up does demonstrate some 
residual laxity; indicative of associated intrasuhstance injury 
to the ACL (124). Many partial tears can be treated nonop
eratively (165). Based on a prospea:ive study of arthroscopi
cally confirmed partial ACL tears, failure of nonreconsttuctive 
treatment has been associated with tears >50%, tears of the 
posn:rolan:ral bundle, older skeletal age, and presence of a 
pivot shift. 

History and Physical Exam Findings. Important history 
questions include: 

1. How did the injury occur? 
a. Was there contact with another athlm? 
b. Was there a fixed position of the foot and rotation or 

twisting movement? 
2. Were you able to continue to compete? 
3. Was there significant swelling directly after the injwy? 
4. Have there been previous injuries to the knee? 

Our understanding of ACL tears in the setting of younger 
athletes has changed considerably. The tibial spine fracture 
was once thought to be the pediatric equivalent of an ACL 
tear. Midsubstance ACL ruptures are now diagnosed more fre
quently in pediatric athlms participating in cutting and con
tact sports. The typical presentation is a young athlere who 
has a decelerating, twisting injury. Appro:x:imarely two-thirds 
of ACL injuries ocau by noncontact mechanisms (166). The 
patient will often repon a "pop" and the inability to return 
to the field. A ~ amount of swelling due to hemarthrosis 
is expected. The presentation is less dramatic in athletes who 
have had a prior partial tear of the ACL. 
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The findings on physical aam are dependent on the tim

ing in relation to the injury. Directly after the injury; the stabil
ity of the knee can be tested on the sideline. The Lachman and 
pivot shift are positive before swelling and guarding occurs. 
When the patient presen~ for ewluarion in the emergency 
department or clinic, the knee is typically swollen, compro
mising the ability to perform an accurate physical aam. Rates 
of ACL injury are reported between 10% and 65% in pedi
atric patien~ presenting with t.tau.matic hemarthrosis of the 
knee; therefore, young athletes presenting with a hemarthrosis 
of the knee shoul.d raise suspicion for anACL tear (167, 168). 
The differential diagnosis ofhem.artlu:osis of the knee includes 
patellar dislocation, meniscal ttar, osteochondral &.icrure, tib
ial spine &.icrure, and epiphyseal fracture of the femur or tibia. 

A thorough eraminarion of the knee must be performed 
to rule out concomitant injuries. Associated injuries include 
meniscal tcan, posn:rlor cruciate and/ or cobra~ ligament tcan, 
osteochondral fractures, and physcd fractures of the distal femur 
or proximal tibia. Given the higher prevalence of genenlized lig
atnentous laxity in skeletally immature parien~, a direa compar
ison to the contralat.r:r.d knee should also be made. The Lachman 
and pivot-shift maneuV~:rs are used to test for ACL insufficiency. 

Imaging. Evaluation of the knee by MRI is an important 
part of the assessment, particularly in children. The MRI 
is useful to distinguish between partial tears, avulsions, and 
midsubstance tears of the ACL. Secondary findings in an 
acute injury include hemarthrosis and the presence of a bone 
contusion at the posterior lateral tibial plateau and anterior 
lateral femoral condyle. The MRI is useful for confirming the 
diagnosis of ACL tear, ruling out associated injuries, and assist
ing in preoperative planning (Fig. 31-33). 

Indications and 1iming of Surgery. Indications for ACL 
reconstruction in a skeletally immature patient include com
plete ACL tear with functional instability, partial ACL teat 

that has failed nonoperarive treatment, and ACL injury with 

RGURE 31-33. MRI demonstrating midsubstance ACL tear. 
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associated repairable meniscal or chondral injury. Due to higher 
rates of postoperative stiffness, acute ACL reconstruction is not 
recommended for isolated ACL tears (169). Surgery is typically 
delayed at least 3 weeks from the time of injury until adequate 
range of motion has been achieved and joint effusion mini
mized. Patients must be mature enough to participate in the 
extensive rehabilitation process following ACL reconstruction. 

Treabnent Options. The choice of surgical technique 
is dependent on the physiologic age of the patient and the 
amount of growth remaining. For prepubescent children, vio
lation of the tibial and femoral physis presents a risk of signifi
cant growth disturbance that would require limb lengthening 
or osteotomy. Animal studies have demonstrated a risk of phy
seal arrest with transphyseal ACL reconstruction (170, 171). 
A number of growth disturbances following ACL recon
struction in this age group have been documented (172). 
Radiographs and developmental findings are used to determine 
the physiologic age. Referencing radiographs of the left wrist to 
the atlas of Greulich and Pyle ( 173) provides an efficient means 
to determine the skeletal age. The physiologic age is based on 
the Tanner staging system (174) (Fig. 31-34) (Table 31-2). 

The prepubescent child (Tanner stage 1 or 2) with a mid
substance ACL tear presents a difficult problem. Because of 
the large amount of growth remaining, the consequences of 
iatrogenic physeal arrest are severe. Unfonunatdy, activity 
modification such as refraining from cutting sports is difficult 
in this age group, and nonreconstructive treatment has been 
associated with meniscal and chondral injury (175-178). 

FIGURE 31-34. Algorithm for management 
of complete ACL injuries in skeletally immature 
patients. 

Surgical techniques include physeal-sparing, transphyseal, 
and partial transphyseal reconstructions. In theory, the extra

articular reconstrUction provides a method to restore stability 
and avoid risk of growth disturbance. At our institution, we use a 
modification of the Macintosh ACL reconstruction to perform a 
physeal-sparing reconstruction with an extra-articular and intra
articular component that is described in detail later in the text. 

The results of 44 patients with a mean follow-up of 
5.3 years after this combined intra-articular and extra-articular 
ACL reconstruction were examined. There were two failures at 
4.7 and 8.3 years and no episodes of growth disturbance. The 
mean International Knee Documentation Committee (IKDC) 
subjective knee score and the Lysholm score were 96.7 and 
95.7, respectively (179). 

Surgical treatment with conventional transphyseal tun

nds has been described (180, 181). Liddle et al. described the 
results of 17 patients treated with transphyseal ACL recon
struction with four strand hamstring autograft. Eight Tanner 
stage 1 and nine Tanner stage 2 patients were followed for a 
mean of 44 months. The mean Lysholm score at follow-up was 
97.5. There was one failure due to an additional injury. One 
child was noted to have a 5-degree valgus deformity. 

An alternative physeal-sparing technique using epiphyseal 
tunnds has been described by Anderson (181) (Fig. 31-35). 
A transepiphyseal technique using fluoroscopy was performed 
in 12 patients. The mean IKDC subjective score was 96.4 at 
4.1 years with no graft failures or growth arrests noted. 

For adolescents with significant growth remaining (Tanner 
3 and 4), we perform transphyseal ACL reconstruction with 

Complete ACL Tear 
Skeletally 

Immature Patient 

I 
I I I 

Prepubescent Adolescent with Older Adolescent with 
Growth Remaining Closing Physes 

Tanner S1age 1 or 2 Tanner Stage 3 or 4 Tamer Stage 5 
Males: s 12 years old Males:13-16 vears old Males:> 16 years old 

Females: :S 11 years old Females: 12-14 years old Females: >14 years old 

I I 
T ransphyseal AdultACL 

Rehabilitation Reconstruction Reconstruction with 
Activity Limits ~ with Hamstrings Interference Screw 

Functional Brace and Metaphyseal Fixation (Patellar 
Fixation Tendon or Hamstrings) 

Physeai-Sparing 
Combined Intra/Extra-

articular 
Reconstruction with 

Iliotibial Band 
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TABLE 31-2 Tanner Staging Classification of Secondary Sexual Characteristics 

Tanner Stage 

Stage 1 {prepubertal) 

Staga2 

Stage3 

Stage4 

Stage 5 

Other 

Growth 
Development 

Growth 
Development 

Growth 
Development 

Growth 
Development 

Growth 
Development 

Mala 

5-6cm/yr 
Tastes <4 ml or <2.5 em 
No pubic hair 
5-6cm/yr 
Testes 4 ml or 2.5-3.2 em 
Minimal pubic hair at base of penis 
7-8cm/yr 
Testes 12 ml or 3.6 em 
Ptlbic hair over pubis 
Voice changes 
Muscle mass increases 
10 cm/yr 
Testes 4.1-4.5 em 
Pubic hair as adult 
Axillary hair 
Acne 
No growth 
Testes as adult 
Pubic hair as adult 
Facial hair as adult 
Mature physique 
Peak height velocity: 13.5 yr 

Female 

5-6crn/yr 
No breast development 
No pubic hair 
7-8crn/yr 
Breast buds 
Minimal pubic hair on labia 
8 cm/yr 
Elevation of breast; areolae enlarge 
Pubic hair of mons pubis 
Axillary hair 
Acne 
7 cm/yr 
Areolae enlarge 
Pubic hair as adult 

No growth 
Adult breast contour 
Pubic hair as adult 

Adrenarche: 6-8 yr 
Menarche: 12.7 yr 
Peak height velocity: 11.5 y 

autogenous hamstrings. Sixty~one ACL reconstructions were 
reviewed in skeletally immature pubescent adolescents. Two 
patients underwent revision ACL reconstru.ction because of 
graft failure at 14 and 21 months postoperativdy. For the 
remaining 59 knees, the mean IKDC subjective knee score was 
89.5 and the mean Lysholm knee score W3S 91.2 (182). 

Surgical Technique 

FIGURE 31-35. Physeal-sparing intra-articular ACL reconstruction 
with epiphyseal tunnels. 

Anterior Cruc:iate Ligament Reconatruction with the 
Diotibial Band. For prepubescent children, Tanner 1 or 2, a 
physeal~sparing reconstruction is recommended (179). Skeletal 
age is usually <14 in males and <13 in females. The patient 
is placed supine on the operating room table. Examination 
under anesthesia is perfonned to oonfinn Tanner staging and 
verify ACL insufficiency. The operative at:.remity is prepped 
and draped from the levd of the foot to the levd of a toumi· 
quet p.laced at the thigh. It is important to place the tourniquet 
as proximally as possible in case a c:ounrerincision is neces
sary to assist in harvesting the iliotibial (IT) band proximally. 
The insertion of the IT band on the tibia is palpated at Gerdy 
tubercle. The incision runs obliquely from the lateral joint line 
to the superior border of the IT band. The tourniquet is not 
routinely inflated in order to prevent tethering of the IT band. 
The incision is then made, and self~retaining retractors are 
placed. Disseaion is carried down to the levd of the IT band. 
In young, thin patients, the IT band may be quite superficial. 
The anterior and posterior homers of the IT band are defined 
(Fig. 31-36A). Posteriorly, the IT band blends with the later.d 

T e:a continued on pag~ 1627 
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Anterior Cruciate Ligament Reconstruction with the Iliotibial Band 
(Figs. 31-36 to 31-37) 

FIGURE 31-36. ACL Reconstruction with the Iliotibial 
Band. Physeal-sparing ACL reconstruction with autogenous IT 
Band. A: The anterior and posterior borders of the IT band are iden
tified 1hrough a lateral incision. B: The IT band graft is amputated 
proximally and released from the lateral condyle. C: A full-length 
clamp is placed into 1he over-the-top position anhroscopically and 
pushed through the posterior capsule. D: The graft is pulled into the 
over-the-top position. E: The graft is pulled under 1he intermeniscal 
ligament and delivered into the distal incision. 

I) 



FIGURE 31-37. Combined intra-articular/extra-articular physeal
sparing ACL reconstruction. 

hamstrings, and haJVestin.g too far posteriorly risks injury to the 
common peroneal netve. A Cobb elevator is used to dissect the 
subcutaneous tissue away from the IT band along its course. 

A no. 15 blade is used to make an .incision at the ante
rior border of the IT band, starting 2 em above Gerdy 
rubercle. A Kelly clamp is placed in this incision and pushed 
posteriorly along the deep surface of the IT band until the 
intramuscular septum is palpated. The damp is then passed 
through the posterior border of the IT band just above the 
intramuscular septum. The clamp is then spread in line 
with the fibers of the tendon to start the posterior split in 
the tendon. Adhesions to the underlying tissue are often 
present and should be released. A meniscotome is used to 
e:a:tend the two parallel incisions proximally .in line with the 
fibers of the tendon. The incisions should be continued as 
proximally as possible to maximize graft length. The angled 
meniscotome is then used to amputate the graft proximally 
(Fig. 31-368). If there is difficulty releasing the graft with 
the curved meniscotome, a counterincision is made near the 
tourniquet. 

The graft is tuhularlzed and a whip stitch is placed at 
its proximal end with no. 5 Ethibond. The tendon is sepa
rated from the underlying joint capsule and lateral. femoral 
condyle. The capsule in this area is thin, but an effort should 
be made to maintain the integrity of the capsule to prevent 
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fluid e:nravasacion during later arthroscopy. The graft is left 
attached to Gerdy rubercle distally and rocked under the skin 
for the arthroscopic portion of the case. 

The leg is elevated and the tourniquet is inflated. The 
anterolateral viewing portal is established, and the arthro
scope is inserted. An anteromedial portal is established under 
arthroscopic visualization. Diagnostic arthroscopy is per
formed, and any associated injuries are treated. A limited 
notchplasty is performed to aid .in visualization and identifica
tion of the over-the-top posicion on the distal &mur. Excessi.~ 
dissection should be avoided to prevent injury to the peri
chondral ring of the distal femoral physis during notchplasty. 
The distance from the femoral foorprint of the ACL to the 
physis is typically 3 to 5 mm. Because there is no femoral tun
nel, retaining a portion of the native ACL can help to main
tain the position of the graft in the over-the-top position by 
acting as a sling. 

Now it is necessary to pass the IT band into the over
the-top position. A full-length clamp is placed through the 
ana:romc:dial. portal and into the over.t:he-top position. The damp 
is then passed through the joint capsule along the posterolateral 
femur and into the site of the IT band harvest (Fig. 31-36C). 
The clamp is then spread open to dilate a passage for the graft. 
The Ethibond sutures at the fi:ee end of the graft are placed 
into the clamp, and the graft is passed into the knee joint 
(Fig. 31-360). 

The distal insertion of the graft is then prepared. An addi
tional 3-cm incision is made on the anteromedial aspect of 
the proximal tibial. The incision must be distal to the tibial 
physis and medial to the tibial rubercle apophysis. Fluoroscopy 
can be used to confirm the location of the metaphyseal inci
sion. Diss~on is carried down to the periosteum. Under 
arthroscopic visualization, a rasp is then passed along the 
periosteum and into the knee joint proximally. The rasp must 
enter the joint underneath the intermeniscalligament. Using 
the rasp, a groove is then made in the tibial epiphysis to facili
tate graft passage under the ligament and to translate the graft 
posteriorly in order to achieve a more anatomic position of the 
graft. The graft pulled is under the intermeniscalligament with 
a clamp and delivered into the distal incision (Fig. 31-36E). 

Graft fixation pnx:eeds from proximal to distal. With the 
knee in 90 degn:es of flexion, tension is applied to the graft, 
and the proximal aspect of the graft is sutured to the perios-
teum of lateral &moral condyle. This forms the extra-articular 
component of the reconstrua:ion and helps to limit rotation 
of the tibia. Distally, an incision is made in the periosteum of 
the tibia. Periosteal flaps are raised medially and laterally in 
order to accommodate the diameter of the graft. Care is taken 
to avoid excessive dissection lare.ra1ly as this risks injury to the 
tibial ruberde apophysis. Again, the location of this groove 
can be verified using fluoroscopy. A trough is then created in 
the tibia using a burr. With the knee in 20 to 30 degn:es of 
flexion, distal tension is applied to the graft. No. 5 Ethibond 
sutures are then placed through the medial periostewn, the 
graft, and then the lateral periosteum. At least three sutures 
should be placed proximally in the &mur and distally in the 
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FIGURE 31-38. MRI s/p physeal-sparing ACL reconstruction. 

tibia (Fig. 31-37). Tibial f:h:ation may be supplemented with 
a post if necessary. Wounds are dosed in layered fashion with 
absorbable suture. A sterile dressing and a cryotherapy unit are 
applied to the lmee. A hinged knee brace is placed over the 
cryotherapy unit. 

Postoperative range of motion is limited fiom 0 to 30 degrees 
for 2 weeks. A continuous passive motion unit is used for 
2 weeks. Flexion is gradually increased to 90 degrees from 
weeks 2 to 6, after which motion is unrestricted. Touchdown 
weight bearing in full c::nension is recommended for 6 weeks 
postopemtivdy. The patient may be placed into a simple hinge 
brace at 6 weeks. Jogging is instituted at 3 months with return 

to rutting sports at 6 months pending dearnnce. An ACL 
brace is worn for high-risk activities for the first 1 to 2 years 
after rerum to sport. Radiographs are obtained at 6 months 
to ev:iluate for growth arrest (Fig. 31-38). Clinical follow-up 
with assessment for leg-length discrepancy or angular defor
mity is done yw-ly for at least 2 years. Additional radiographs 
are obtained as indicated by clinical exam. 

Modified Transphyseal Anterior Crnciatc .LipmCDt 
R.ec:onstl'Daion with Hamstrings Antograft. The modified 
ACL reconstruction is indicated in the adolescent with sig
nificant growth remaining. These patients are typically Tanner 
stage 3 with pigmented axilla and pubic hair for boys. The 
females at this stage are typically postmenarchal. For males, 
the bone age is from 14 years until skeletal maturity and for 
females 13 years until skeletal matwity. Adolescents nearing 
skeletal maturity (Tanner 5) can be treated as adults with con
ventional tunnels and bone plugs if desired. 

Factors associated with growth arrest in transphyseal ACL 
reconstruction include placing hardware across the 1ate.ra1 distal 

RGURE 31-39. Incisions for transphyseal ACL reconstruction with 
hamstrings. 

femoral physis or tibial tubercle apophysis, bone plugs across 
the physis, large runnels, and vigorous over-the-top dissection. 

The patient is placed supine on the operating table. It can 
be useful to palpate the insertion of the hamstrings prior to 

prepping and d.raping the patient. A tourniquet is placed at the 
proximal thigh. The exam under anesthesia is performed. If 
the pivot shift is present, the hamstrings autograft is harvested 
initially. If the diagnosis is in doubt, diagnostic arthroscopy is 
performed first. 

The leg is prepped and draped sterilely. The limb is exsan
guinated and tourniquet inflated. The leg is placed in the figure 
of four position. Typically. the superior border of the medial 
hamstrings is 3 em below the joint line. The superior and 
inferior borders of the hamstrings are marked 3 an medial to 

the tibial rubercle (Fig. 31-39). A vertical incision is made, and 
dissection is carried down to the Sartorius fascia. Blunt dissec
tion is used to separ.w: the Sartorius fascia from the subcutane
ous tissue. The gracilis and semitendinosus should be palpated 
jUSt below the Sartorius fascia. The thin layer of Sartorius fascia 
is carefully incised. A right-angled clamp or Metzenbaum scis
sors are used to define the superior and inferior borders of the 
hamstrings tendons. The gracilis and semitendinosus are then 
isolated individually with vessel loops placed around each ten

don (F.tg. 31-40). A clamp may be passed deep to the tendons 
in order to apply distal t.taction on the tendons which will help 
free the tendons from the Sartorius fuscia. The gracilis tendon 
is then dissected distally and released from its .inser:cion on the 
tibia. Care should be taken to maintain a pick-up or clamp 
on the tendon to prevent pro:x:imal retraction after release. 
A whip-stitch is then placed in the free end of the tendon with 
no. 5 Ethibond suture. This is repeated for the semitendinosus 
(Fig. 31..41). Distal t.taction is again applied to the tendons 
individually and any adhesions are released. Special attention 
should be paid to adhesions from the semitendinosus to the 
medial head of the gasttoc:.nem.ius. Such adhesions can be 
quite fibrous and risk diverting the tendon stripper which will 

Tat continued on page 1631 
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Modified Transphyseal Anterior Cruciate Ligament Reconstruction with Hamstrings 
Autograft (Figs. 31-40 to 31-50) 

FIGURE 31-40. Modified Transphyseal Anterior Cruciate 
Ligament Reconstruction wMI Hamstrings Autograft. Graci lis 
and semitendinosus tendons identified. 

FIGURE 31-41. Tendons isolated, released distally and whip 
stitched. 

FIGURE 31-42. Graft preparation with removal of excess muscle. 

FIGURE 31-43. The ACL stump is debrided and the over-the-top 
position is visualized. 
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RGURE 31-44. A tibial guide is used to make the tibial tunnel. 

RGURE 31-46. The leading sut\lres of the endobunon are 
passed through the tibial and femoral tunnels. 

RGURE 31·45. A transtibial femoral offset guide is used to 
make the femoral t\lnnel. Alternatively, the femoral tunnel can be 
drilled through a medial portal. 

RGURE 31-47. The graft is passed. and the endobutton is 
flipped on the femoral cortex. 



FIGURE 31-48. Alternative tibial fixation with a post. 

FIGURE 31-49. The graft is fixed distally using an absorbable 
interference screw. 
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FIGURE 31-50. ACl reconstruction. 

result in premature graft amputation. The tendons are then 
harvested with a closed-loop tendon stripper and taken to the 
back. table fur preparation (Fig. 31-42). 

Exc::ess muscle is removed from the proximal ends of the 
tendons and whipstitches are placed. The tendons are then 
fulded over a closed-loop Endobutton to furm a quadrupled 
graft, placed under tension, and covered with a moist sponge. 
Gr.Ut diameter is measured at this time. 

A diagnostic arthroscopy is performed using standard 
anteromedial and anterolateral poruJs. The menisci are carefully 
ev:iluated as there should be a low threshold for meniscal repair 
in this patient population. The soft ~ue is cleared from the 
notch with a shaver. A limited notchplasty is performed if nec
essary fur visualization or to avoid impingement (Fig. 31..43). 
The tibial guide is set at 55 degrees. With the leg hanging over 
the side of the table, the tibial guide is placed through the ante· 
rior medial poml. In order to avoid the tibial tubercle apophy· 
s.is, the guide wire entry point on the tibia should be medial 
through the same incision used to harvest the hamstrings. The 
guide is typically at 20 degrees to the knee in the sagittal plane. 
The entrance for the tip of the guide wire is 5 mm in front of 
the PCL. It should be in line with the posterior portion of the 
anterior hom of the lateral meniscus and slightly more medial 
than lateral in the joint. The tibial tunnel is then drilled based 
on the width of the harvested graft (Figs. 31..44 and 31..45). 

A bump is placed under the thigh to keep the knee at 
90 dcgrc:es. A long guide pin is placed through the tibial nmnel 
to the oveHhe-top position on the femur. The pin is drilled 
through the proximal femur. The 4.5-mm endobutton drill is 
then advanced through the lateral concx. The pin and drill 
are then removed from the knee. A depth gauge is used to 
determine the total tunnel length. The depth of the femoral 
tunnel is determined by subtracting the length of the endobut· 
ton loop from the total length. An additional 8 mm is required 
to flip the Endobutton. For example, if the total tunnel length 
is 60 mm and a standard Endobutton length of 15 mm is 
used, the necessary femoral tunnel depth would be 45 mm. 
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An addicional8 mm is added in order to flip the Endobutton, 
making the total drill depth 53 mm. 

The pin is then placed back into the femoral tunnel 
transtibially. The acorn drill corresponding to the width of 
the graft is then used to ream to the calculated femoral depth. 
Excess bone should be removed with the shaver. If there is any 
question regarding the adequacy of the tunnels, the arthro~ 
scope can be placed through the tibial tunnel to visualize the 
femoral tunnel. 

A looped no. 5 Ethibond suture is then plaa:d at the end of 
the guide pin and pulled through the knee for use as a passing 
suture. The loop should remain visible through the distal inci
sion with the two free ends exiting proximally through the femo
rnl wnnel and skin. The two passing Endobutton sunues of the 
endobutton are then passed through the looped no. 5 Ethibond, 
and the loop is pulled through the tibial and femornl twmels 
(Fig. 31-46). The two Endobutton sutures are then used to pass 
the graft through the tibial and femornl tunnels. The Endobutton 
is flipped on the femoral cortex. and fixation confirmed by pull~ 
ing distally on the graft (Fig. 31-47). The arthroswpe is placed 
back into the knee to evaluate the ACL graft. Additional nott:h
plasty may be performed if there is evidence of graft impinge. 
ment in extension. The length of the tibial runnel should also be 
evaluattd. The tibial physis can be visualized by placing the scope 
into the tibial tunnel. A gross measurement of the metaphysed 
portion of the tibial wnnel can be made by bringing the scope 
up to the level of the physis and measuring the length of the 
scope within the tunnel. If this distance is <25 mm, an interfer
ence screw should not be used for fixation. A post, spike washer, 
or staple may be used alternatively (Fig. 31-48). 

If the tibial tunnel is of sufficient length, the graft is then 
fixed on the tibial side with a bioabsorbable interference c.rew 
(FJ.g. 3149). Tension is applied to the graft at all times, and 
the knee is held in 20 to 30 degrees of flc:xion. Generally. the 
screw size matches the tibial runnel diameter. The Endobutton 
sunues are cut and removed from the femur. The wounds are 
irrigated and closed in a layered fashion with absorbable sunue. 
Sterile dressings, a cryotherapy unit, and a hinged knee brace 
are applied. Range of motion is limited from 0 to 90 degrees 
for the first 6 weeks postoperatively. Touchdown weight bear~ 
ing with the knee in extension is maintained for 2 weeks. 
Home CPM is used for 2 weeks starting at 0 to 30 degr=s 
inunediately after surgery and advancing up to 90 degrees. 
After 6 weeks, rehabilitation and clinical follow-up are identi
cal to physeal-sparingreconsttuction (Figs. 31-50 to 31-52). 

OSTEOCHONDRITIS DISSECANS 
Introduction. OCD is an acquired, yet potentially revers
ible lesion of the subchondral bone as well as of the overlying 
cartilage. Originally described by Paget (183) (Paget) as "quiet 
necrosis,, the condition remains an enigma as to etiology, 
pathogenesis, and in some cases the prognosis, and treatment. 

FIGURE 31-51. One month postoperative x-ray. 

of this discussion. It is a lesion of the articular cartilage and 
subchondral bone before closure of the growth plate and was 
originally described by Roberts (184). OCD affect males more 
commonly than females (between 2:1 and 3:1). An increase 
in sport participation by females and younger children has 
increased the prevalence of OCD in these populations. 

Etiology. The ex:ac:t etiology of this unusual condition is 
unknown; it is probably multifactorial (18~190). Proposed 

Juvenile osteochondritis dissecans QOCD) has a much bet- FIGURE 31·52. Four years postoperative x-ray. 
tet prognosis than its adult counterpart and will be the focus 



cawative factors include mechanics (trawna), ischemia. and 
genetic fuctnrs (185, 190-194). 

Langenskiold (195) demonstJ.'ated that removal and replace
ment of a portion of articular cartilage of the distal femur in rabbits 
produced a lesion similar to OCD in humans. Biomecbanical 
studies wing finite-element analysis have demonstJ.'ated that 
stresses are greatest in the subchondral bone of the medial femo
ral condyle and are maximal at 60 degrees of flexion (196). 

.Mc:chanis.ms that ~ been shown to cause ostc:ochondral 
fractul'eS are similar to forc.es responsible fur cawing JOCD and 
include impaction of a tibial spine, dittct impaction forc:es result
ing in a "bone bruise,"' joint compression forces, and rotational 
injury patterns (190, 197-200). In addition, Smillie (200) has 
suggested that the juvenile form may be caused by a disturbance 
in the ossification of the epiphysis itself. resulting in the sepam
tion of small islands of bone from the main bony epiphysis. 

Green and Banks (186), in their classic article, noted 
that the basic process in OCD was aseptic necrosis involving 
the subchondral bone. However, most other histologic stud
ies of OCD do not reveal ischemic changes, but a reparative 
process at the interface between the fibrocartilage and the 
bone (201-204). With the advent ofMRI to evaluate OCD 
lesions of the knee, it is apparent that ischemic changes of 
bone are rare. 

A few articles, including those of Mubarak. and Carroll 
(193) and another by Ribbing (204), discuss the familial nature 
of the lesion, indicating an autosomal dominant inheritance 
pattern. However, most other large series refute the hereditary 
nature of the lesion (205). 

The condition is most likely caused by multiple factors, 
including repetitive mechanical trauma or stress, in highly 
active children and adolescents (206). 
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Sympta• and Signs. Knee pain is the chief complaint in 
most children. The pain is activity related, and its location is 
nonspocific. With progression of the disease, patients may have 
complaints of giving way. loc~ catching. or swelling. In a 
large multicenter study carried out by Hefti et al. (207), 32% 
of patients had no or minor pain at presentation. 

Tenderness may be elicited with deep palpation over the 
involved femoral condyle. A positive Wdson tx::st occurs with 
the knee flexed 90 degrees and internally rotated. As the knee 
is cnended, the patient complains of pain that is relieved by 
enema! rotation. For patients with classic lesions, the tibial 
eminence impinges on the OCD lesion in internal rotation 
and extension, whereas, exte.rn2l rotation moves the eminence 
away from the lesion. The knee examination of patients with 
JOCD however is notoriowly poor for detecting the presence 
of this disorder (208). 

Imaging. Skeletally immature patients suspected of having 
JOCD should undergo radiographic studies. A lateral view 
helps identify whether lesions are on the external Rexion sur
face and can show katures consistent with normal, benign 
accessory ossification centers. The axial view is helpful if a 
lesion of the patella or trochlea is suspected. A "notch view" in 
30 to 50 degrc:cs of knee flexion may help identify the lesions 
of the posterior &moral condyle and the "runnel view" may 
identify the lesion. 

MRI is a rueful adjunct to determine the e:nent of articu
lar cartilage involvement and the stability of the lesion (209-
214) (Fig. 31-53A,B). A high-intensity signal on T2-weighted 
images between the lesion and the surrounding subchon
dral bone means that synovial fluid from the joint is present 
between the lesion and the underlying subchondral bone, 

A ~ 

FIGURE 31-53.. A: MRI of a knee demonstrating OCD lesion {black arrows} in the classical location !lateral aspect of medial 
femoral condyle). The lesion appears to be stable, widlan intact articular surface. B: Lateral image of same knee (black arrows 
outline lesion). 
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implying instability of the lesion (209). In children, the signal 
may represent a line of healing vascular granulation tissue, but 
it is pathognomonic of instability in the adult variety of OCD 
(215). MRI with gadolinium enhancement improves the abil
ity to assess lesion stability, and MRI arthrography with gado
linium allows for even greater improvement (216) (Fig. 31-5 3). 

Natural History. The true natural history of OCD is not 
known, but a large multicenter European study has given dues 
(207). In this study, patients with JOCD (patients with open 
physes) did better than adults; 22% of these patients with 
JOCD had abnormal knees at follow-up, whereas 42% of 
adults with OCD had abnormal knees. 

The outcome of JOCD is significantly better in lesions 
that are stable at the time of presentation and in the classic 
location as opposed to any other location. Patients who were 
less active had a better result at follow-up than did active ath
letes. Patients with stable lesions at diagnosis did better with 
conservative (nonoperative) treatment than did those with 
surgery, regardless of the type of nonoperative treatment. 
Conversely, patients with unstable lesions did better with sur
gery than did those with nonoperative treatment. There was 

no superior method of fixation or resurfacing, as the numbers 
in these groups were too small for statistical analysis. 

Treatment Recommendations. The prognosis for JOCD 
is considerably better than the prognosis in its adult counter
part. The goals of treatment in JOCD include preservation of 
articular cartilage and stability of the lesion. 

Nonsurgical Treatment. For small stable lesions in skeletally 
immature patients, nonsurgical treatment if often recom
mended. Nonsurgical management limits high-impact activities 
by instituting short-term immobilization and protected weight 
bearing. It is of interest that in the European multicenter study, 
the results of all conservative treatment methods, including 
cast immobilization, bracing, ph}'5iotherapy, and non-weight 
bearing, were the same (207). Refraining from sports for 3 to 

6 months is probably efficacious in children and adolescents 
with OCD lesions (183, 210, 216). Wall et al. studied the 
healing potential of stable JOCD. The study found that after 
6 months of nonoperative treatment, 16 (34%) of 47 stable 
lesions did not progress to healing. The size of the lesion deter
mined by MRI was the strongest prognostic variable (217). 

Plain radiographs are employed to evaluate bridging of 
bone across the lesion; JOCD lesions heal in an average of 4 to 
5 months (188, 216, 218). 

In summary, patients with intact JOCD lesions should 
undergo a period of nonoperative treatment, which commonly 
includes activity restriction and bracing or casting for 6 to 
10 weeks. Uncooperative patients should be managed in acyl
inder cast. Refraining from sports for up to 6 months is advis
able to allow lesions to heal. 

Surgical Treatment. If the lesion fails to heal after nonoperative 
treatment of 6 months, or if the lesion is unstable, arthroscopic 
evaluation and treatment are indicated. Guhl classified lesions 

arthroscopically as (a) intact lesion, (b) early separated lesion, (c) 
partially detached lesion, (d) salvageable craters and loose bodies, 
and (f) unsalvageable craters and loose bodies (218). 

Intact lesions are usually drilled in a transarticular or ret
rograde manner to promote healing. The theory is that vas
cular ingrowth occurs in the small channels created by the 
Kirschner-wires or drill. Excellent results have been reported 
by several authors using the transarticular drilling technique 
(188, 216, 218). Some authors prefer not to violate the artic
ular surface and use an extra-articular drilling method with 
or without bone graft to stimulate healing (214, 219, 220). 
Hefti's (207) multicenter study was more discouraging than 
these Studies. In a subgroup of 58 patients demonstrating 
marked sclerosis, little benefit or healing was noted. 

In the situation of early separation or partial detachment, 
internal fixation of the lesion is indicated (207, 218). This can 
be accomplished by various methods. Bioabsorbable pin fixa
tion was performed on 11 patients age 12 to 16 with 32 months 
follow-up. One case had early synovitis treated with nonsteroid 
antiinflammatory drugs (NSAIDs). Union was noted in all 
patients by MRI (221). Bone strips were used in 11 patients 
aged 11 to 20 with 48 months follow-up with 90.9% satis
factory, and all patients returned to competitive sports (222). 
Arthroscopic titanium Herbert screw fixation was performed in 
14 patients aged 12 to 35 with 50-month follow-up. At second
look arthroscopy, 14 out of 15 knees showed stable fragments 
(223). Postoperatively, the patients remain non-weight bearing 
for 6 to 8 weeks after fixation. A second-look arthroscopy is 
scheduled to see if the fixation is raised before the resumption 
of weight bearing. If the screw heads are too prominent, they 
are turned in further to prevent articular cartilage erosion. 

If the lesion is partially detached, the bed should be fresh
ened down to bleeding bone. The bed may require a small 
amount of bone grafting before the OCD lesion is replaced 
and fixed. It is important to achieve articular congruity at the 
completion of the fixation procedure {215). For unsalvageable 
craters and loose bodies, the loose body or bodies are removed, 
and the edges of the articular cartilage trimmed. Fragment exci
sion alone appears to have poor long-term results, although in 
the short-term knee function may be excellent. In the European 
Pediatric Orthopaedic Society study, Hefti et al. {207) reported 
48% poor results after fragment excision alone. Because of the 
poor results, they recommended some technique to restore the 
articular surface. Anderson and Pagnani (224) also reported a 
preponderance of poor results in young patients at follow-up 
an average of 5 years after fragment excision. 

Osteochondral plugs have recently been presented as a bio
logic alternative to the use of hardware to provide bone graft as 
well as overlying articular cartilage. The advantages of osteochon
dral plugs are that they create vascular access channels, provide 
a biological bridge between cartilage and bone, and also secure 
the lesion. A study was conducted to evaluate the outcomes of 
patients who failed nonoperative treatment for unstable OCD 
lesions of the knee who were treated with osteochondral plugs 
to secure the lesions. MRI scans showed a continuous cartilage 
bridge in all cases and the visual analog pain scale improved 



from a preoperative level of 3.1 to a 2-year post operative level 
of I 0 indicating a return to full activities by 2 years. 

For full-thickness defects, the restoration of the articular 
surface may also be accomplished by recruiting mesenchymal 
stem cells via drilling, picking, or abrasion arthroplasty, and 
replacement via osteochondral allografts (225-232), mosaic
plasty, or autologous chondrocyte regeneration (233, 234). 
If cartilage regeneration via mesenchymal cell stimulation is 
sdected, then the authors prefer drilling and pick treatment over 
abrasion because the former do not flatten the convex surface 
of the femur and therefore do not increase the force per unit 
area at the edges of the lesion. Osteochondral autografts provide 
advantages of filling the defect with local autologous tissue and 
disadvantages include donor site morbidity and cartilage surface 
incongruity. A comparison of microfracture and osteochondral 
plug transplantation was performed in a randomized prospec
tive study in the knee joint in children, and both groups showed 
encouraging results. The osteochondral autograft group, how
ever, had superior functional and objective results at an aver
age follow-up of 4.2 years. Osteochondral allografts can provide 
complete fill of the defect, and there is no donor site morbidity 
from these procedures. The challenges of using allograft tissue 
include the increased risk of disease transmission and difficulty 
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in locating a size-matched donor. To minimize the risk of dis
ease transmission, a screening processes is performed which 
can leave a window of 3 or 4 weeks for graft implantation. 
For young patients with large defects, autologous chondrocyte 
implantation is an option because at the current time this tissue 
most closdy approximates native hyaline cartilage. The disad
vantages are that the process entails two procedures, the process 
has increased expense relative to other procedures, and the long
term results are unknown in pediatric patients. 

In summary, knee OCD is seen and treated with increasing 
frequency. Stable intact OCD lesions in young patients have 
a high rate of healing with nonoperative measures. If patients 
have persistence of stable lesions beyond 6 months of nonoper
ative treatment, then arthroscopic drilling should be considered 
to promote healing. Unstable lesions require surgical treatment 
with fixation and possible bone grafting. While long-established 
sclerotic lesions can be difficult to fix, the results of excision of 
large lesions from weight-bearing areas are poor. All of the carti
lage resurfacing techniques need further study, and refinement 
before definitive statements regarding long-term prognosis in 
children and adolescents can be widdy recommended. 

Treatment recommendations are summarized in 
Figure 31-54. 

Juvenile osteochondritis dissecans 

Child under age 13 

1 
Articular surface intact 

1 
Nonoperative treatment 

(crutches. case. no. sports) 

1 
6-12 months 

I \ 
Healed Non healed 

1 
Arthroscopy--drilling 

(antegrade or retrograde) 

Child approaching maturity 
or atypical lesion 

1 
Nonoperative Rx for 6 months 

I 
Healed 

\ 
Not healed 

1 
Arthroscopy 
drilling or 
fixation if 
detached 

Older adolescent or 
detached fragment on MRI 

1 
Arthroscopy 

I 
Intact or 
fissured 

! 
Drilling 

\ 
Detached 

1 
1.Prepare bed and 

fixation or 
2. Consider: 

a. Osteochondral 
graft (Mosaicplasty) 

b. Autologous chondrocyte 
transplantation 

FIGURE 31-54. Algorithm for the treatment of JOCD of the knee. 
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Quadriceps Contusion. Blunt trauma to the anterior 
thigh is not an uncommon injury that OCCUI'll when playing 
fOotball, hockey, and even noncontact spons such as soccer or 
basketball. If the force is severe enough, it will result in muscle 
hemorrhage, followed by the fOrmation of granulation tissue 
over the course of the next few weeks, which can mature into a 
dense collagenous scar and lead to significant disability (235). 
It is therefOre imponant to recognize this injury early to pre
vent long-term problems. 

In the early stages of hemorrhage, significant bleeding 
may occur. It is accompanied by thigh swelling, pain, and loss 
of knee flexion. 

Radiographs of the femur, including hip and knee, should 
be taken to rule out fracture and epiphyseal separation. The 
differential diagnosis should also include osteomyditis and 
tumor (osteosarcoma or Ewing sarcoma), which can be ruled 
out with a careful history and normal laboratory workup. 

Initial treatment consists of rest, ice, compression, and 
devation (RICE). The knee and thigh may be further protected 
by employing a knee immobilizer and crutches. When the pain 
and muscle spasm subside, gentle active range of motion is begun. 
Passive stretching to increase knee flexion is not permitted and 
will exacerbate bleeding and formation of scar tissue. Progressive 
strengthening and exercise are permitted after 90 degrees of knee 
flexion is obtained. Moderate-to-severe contusions take from 4 to 
6 weeks, on an average, to heal befOre return to sports participa
tion (236-238). Minor contusions take considerably less time. 

A careful evaluation of the athlete is performed before 
allowing full participation in sports. Knee motion of at least 
120 degrees, at least 80% strength of the opposite leg, and 
functional agility are required (236-238). Special thigh guards 
can be employed to protect from further injury. 

Complications of quadriceps contusion include the very 
rare situation of compartment syndrome of the thigh and 
myositis ossificans. 

Anterior compartment syndrome of the thigh is usually man
ifested by severe thigh swdli.ng and pain after a significant contu
sion and has also been described after relativdy minor trauma in 
a patient with a bleeding disorder. Like its counterpart in the arm 
or leg, it demands fasciotomy to prevent muscle necrosis (239). 

Myositis ossificans ttaum.atica is a complication after severe 
quadriceps muscle contusion or after reinjury and occurs in up 
to 20% of quadriceps contusions (236). 

Radiographically, flocculated densities appear at 2 to 
4 weeks postinjurywithin the muscle mass, and periosteal new 
bone may also be seen. By 3 to 6 months, the bony changes 
stabilize (239, 240). 

Despite these radiographic changes, the athlete often exhib
its no functional deficit. No treatment is required if the patient 
is functioning wdl, and full participation in sports is permitted. 

Loss of knee flexion and pain may rarely occur, in which 
case surgical excision should be undertaken, but only after the 
myositis has matured, which usually takes 6 months. Plain 
radiographs on a sequential basis will provide evidence that the 
lesion is mature and not continuing to ossify. A bone scan may 
be hdpful in showing the lesion to be rdativdy quiescent in 

its uptake of radionucleotide, which is suggestive of maturity 
of the lesion. NSAIDs may be used before and after excision 
of the myositis ossificans to prevent recurrence, but there is no 
evidence that NSAIDs are beneficial in this clinical situation. 

Ankle Sprains. In the adult population, ankle sprains 
comprise 25% of athletic injuries (241-243). Younger chil
dren are more likely to suffer an injury to the distal fibular 
physis, whereas ankle sprains are more common in adolescents. 

Mechanism of lniury. Almost all ankle sprains are caused by a 
plantar flexion and inversion injury. The lateral ligaments, namdy, 
the anterior talofibular ligament, calcaneofibular ligament, and 
posterior talofibular ligament, are injured in that sequence. 

With the ankle in plantar flexion and inversion, the 
effect of bony stability is minimized and the lateral ligaments 
become the primary lateral stabilizers, with the anterior tala
fibular becoming the most important (241). 

The differentiation between physeal injury (fracture) and 
ligamentous injury is made primarily on the basis of the anatomi
cal location of the pain and tenderness. If the maximal tender
ness is directly over the distal fibula, a fracture or physeal injury 
is suspected and x-rays are taken. If the maximal tenderness is 
directly over the anterior talofibular ligament or calcaneofibular 
ligament, there is little need for x-rays (242). If there is excessive 
swdling and it is difficult to determine the exact area of maximal 
tenderness, one should en on the side of caution and obtain 
three views of the ankle--ruueroposterior, lateral, and monise. 

Classification and Management. Ligament injuries are 
classified according to the severity and disruption of the ana
tomic structure of the ligaments (244). Grade I sprains (mild) 
have no appreciable disruption of tissue, and there is mini
mal loss of function. Grade I sprains involve the anterior tala
fibular ligament only. Grade II sprains (moderate) have some 
disruption of tissue and partial loss of function with involve
ment of the anterior talofibular and calcaneofibular ligaments. 
Grade III sprains (severe) have significant or complete disrup
tion of tissue with involvement of all the lateral ligaments and 
even the deltoid medially. There is marked loss of function. 
The type of sprain is best determined by the anatomic loca
tion of the pain and swelling and the degree of disability of 
the paden t. 

Grade III sprains and interosseous ligament injuries are 
more prone to develop osteochondral fractures and chronic 
instability. The diagnosis of interosseous ligament injury is 
based largely on the mechanism of the injury, the physical 
findings, and in rare instances radiographic findings. 

Interosseous ligament injuries are universally seen in con
junction with a deltoid ligament injury. They are seen when 
the mechanism of injury is pronation-abduction, pronation
external rotation, and supination-external rotation of the foot. 
If the syndesmosis is significantly disrupted, squeezing the 
fibula and tibia together proximally will cause pain distally at 
the site of the syndesmosis in the ankle. In addition, increased 
side-to-side mobility of the talus in the ankle monise when the 



distal. leg is grnsped is indicative of a syndesmosis injury. Plain 
radiographs that show widening of the syndesmosis width 
> 5 mm are indicative of a syndesmosis rupture. 

Rehabilitation of Patients with Ankle Sprains. 
Rehabilitation after an acute ankle sprain is divided into 

three phases. Phase I consists of test and protection (brace, 
cast, splint, crutches, and ice wrap), control of swelling (ice, 
compression, and elevation), and early weight bearing. Phase 
II is aimed at reducing residual swelling and restoring range 
of motion of the ankle as well as strength, followed by low
impact aerobic ttaining. The final phase (Phase 1m includes 
proprioceptive exercises and sports-specific skills such as nm
ning, rutting. and jumping. with a gradual rerum to sports. 
With the return to sports, the athlete may benefit from an 
ankle stabilization brace or taping. although there is no evi
dence that they prevent fwther injwy (245). 

Chronic ankle instability in skeletally immature athletes 
is distinctly uncommon. A careful clinical and radiographic 
examination of the ankle and hindfoot is mandatory in patients 
with continuing symptoms. It is important to diffi:rentiate 
between functional instability and mec:hanical instability in 
the patient who complains of giving way after an ankle sprain. 
Functional instability is a subjective feeling of giving way dur
ing physical activity. occurring in up to 50% of patients fol
lowing an ankle sprain. Its exact mechanism is unclear, but it 
is thought to be due to a disorder of proprioception, muscle 
control, and ligamentous stability. Functional instability is best 
managed with proprioceptive training (ankle tilt board), mus
cular strengthening, and the use of ankle taping or bracing for 
athletic activities. 

Mechanical instability indicates incompetence of the sta
bilizing ligaments of the ankle and is demonst.tated clinically 
by the ankle drawer test and talar tilt stress radiographs. A side
to-side difference of 10 mm or more of anterior talar transla
tion and a talar tilt of 9 degrees or more on stress radiographs 
is highly suggestive of mechanical instability (246). 

In addition to chronic ankle instability. the differential 
diagnosis includes tarsal coalition and osteochondral &a.cture 
or OCD of the talar dome. 

In the rare case of chronic ankle instability in the young 
athlete, ligamentous reconstruction may be necessary. A variety 
of options exist to reconst:ruct the anterior talofibular ligament 
and calcanc:ofibular ligament, among them the Evans proce
dure (247), Watson-Jones technique (248), and the Chrisman
Snook modification of the Elmslie procedure (249). The most 
widely used reconstruction method is the Brostrom repair, a 
direct repair and imbrication of the anterior talofibular and 
calcaneofibular ligaments (250). Biomechanical and clinical 
data suppon this anatomic reconstruction method (251, 252). 

Avulsion Fractures of the Pelvis. Avulsion fractures 
of the pelvis are not uncommon injuries seen in adolescents 
and young adults. Avulsion fractures ocrur primarily between 
the ages of 14 and 25 years and account for approximately 
15% of pdvic &actures in children (253-255). 
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Etiology. The usual mechanism is a sudden and forceful 
concentric or eccentric muscle contraction, which ocrurs with 
rapid acceleration or deceleration. 

This mechanism is commonly seen in particular sporting 
activities such as sprinting and jumping sports, as well as soc
cer and football (253). The same mechanism that would cause 
a muscle or tendon strain in an adult may cause an apophyseal 
avulsion in an adolescent. 

Clinical Features. The common avulsions are from the 
ASIS due to violent contraction of the sartorius as seen in 
jumping or running; from the anterior inferior iliac spine 
(AilS) due to overpull of the straight head of the rectus femo
ris, and from the ischial tuberosity due to forceful contraction 
of the hamstrings (Fig. 31-55). Avulsions of the AilS are often 
seen in participants of sports involving kicking action, and 
avulsions of the ischial tuberosity are seen in gymnasts and 
hurdlers. 

FIGURE 31-55. Avulsion fractures of the growing pelvis result from 
traction injuries where major muscle groups insert into or originate 
from apophyses about the pelvis. The abdominal and trunk muscles 
insert into the iliac apophysis (A). The sanorius originates from the 
anterior superior iliac apophysis (B). The direct head of the rectus 
femoris originates from the anterior inferior iliac apophysis (C). The 
iliopsoas insens into the lesser trochanteric apophysis (D). The ham
strings originate from the ischial apophysis (E). 
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The ischial tuberosity appears at 15 years of age and may 
not unite until 25 years of age, making isch.ial avulsions pos
sible even in early adulthood (255). 

With all apophyseal avulsions, there may be a history of 
antecedent prodromal pain signifying apophysitis before the 
avulsion. Athletes with avulsions present with local pain, swell
ing, and tenderness confined to the avulsed area. Pain is repro
duced by active or passive stretch of the involved muscle. 

Radiographic Features. Plain radiographs are usually suf
ficient to identify the area of avulsion. Special views to place the 
ASIS or AIIS in profile may hdp in delineating the avulsion. 
If the lesion is acute, the diagnosis is usually straightforward. 

However, if the patient is seen seve.ral weeks after the incit
ing event, the radiographs may be misinterpreted as showing a 
neoplasm or infection. A careful history and normal laboratory 
wlues aid in making the correa: diagnosis (Fig. 31-56). 

Treatment. The recommended treatment of patients with 
pelvic avulsion fUctures has generally been test, followed by a 
specific rehabilitation program. Metzmaker and Pappas (256) 
outlined a five.. stage rehabilitation program that consists of rest 
to relax the involved muscle groups as well as ice wrap and 
analgesics. initiation of gentle active and passive motion, resis
tance aercises after 75% of motion is regained. stretching and 
strengthening exercises with an emphasis on sports-specific 
exercises, and finally return to competitive sports. 

Surgical intervention with attempts at open reduction and 
internal fixation has been recommended fur isolated incidents, 
but there appears to be no superiority of operative intervention 
over conservative management (256). 

Patients should be advised that the wait fur tetutn to com
petitive athletics may be prolonged. The earliest that such a 

RGURE 31-56. Anteroposterior radiograph of right hip demonstrat
ing how avulsion fracture of ischium may be mistaken for neoplasm 
or infection. 

return can be expected is 6 weeks, but it is not uncommon fur 
complaints to persist for up to 4 to 6 months (253, 257). 

Dislocations offhe Shoulder (Glenohumeral Joint) 
Incidence. There is a wide disparity in shoulder dislocation 
rates among different groups of pediatric patients. Dislocations 
in teenagers are quite common especially those in high school 
and college. It has been estimated that 40% of shoulder dislo
cations occur in patients <22 years of age (258). Dislocations 
of the glenohumeral joint in preadolescent athletes however 
are quite rare. Overall, the incidence in children younger than 
12 represents <5% of all glenohumeral dislocations (259-264). 

Anatomic Considerations. The shoulder has little intrin
sic stability due to the fact that the large humeral head articu
lates with the small shallow glenoid fuss a. This is described as a 
low glenoid to humerus ratio. The average transverse diameter 
of the glenoid is 25 mm and the average transverse diameter 
of the humeral head is 45 mm (265). This allows for range 
of motion in the shoulder joint in multiple planes which is 
accomplished at the expense of joint stability. The shoulder 
is considered a ball and socket joint; however the glenoid 
humeral shape and size discrepancy described has drawn analo
gies to a golf ball on a tee (265). 

Since the honey configuration of the humerus and gle
noid is not conducive to stability, there are a number of static 
and dynamic stabilizers that contribute to this. Static stabilizers 
include negative intra-articular pressure, the glenohumeral 
ligaments, as well as the labrum. The superior, middle, and 
inferior glenohumeral ligaments provide anterior stability. The 
superior glenohumeral ligament plays a role in providing infe
rior stability and the anterior band of the inferior glenohu
meral ligament is a major stabilizer with the shoulder in an 
abducted and e:x:temally rotated position. Dynamic stabilizers 
include the rotator cuff and the long head of the biceps tendon 
which contribute to joint compression. In addition to the rota
tor cuff and biceps, the deltoid and scapulothoracic muscles 
position the scapula to provide maximum stability at the gle
nohumeral joint. 

Mechanism of Injury. Traumatic dislocations in children 
occur with the same mechanism as those seen in adults, includ
ing fon:ed abduction and extx::m.al rotation injuries during con
tact sports as well as significant falls onto an outstretched hand. 

Classification. There are two broad categories of dislocalion 
which include traUmatic or at:raUJnatic. This widely used clas
sification syst~:m is that of Rockwood (266) who noted that of 
44 cases of dislocation, 8 were traumatic and 36 were attaumatic 
(Table 31-3). 

Clinician Features 
Aaue Dislocation. A child with an acute traumatic anterior 
shoulder dislocation may present with the arm hdd in slight 
abduction and c:nemal rotation. The humeral head may be 



TABLE 31-3 Classification of Dislocation of the 
Glenohumeral Joint in Children 

Traumatic Dislocation 

As a result of true traumatic force, proximal humerus may dis
place anteriorly, posteriorly, or inferiorly 

May occur at birth or later as a result of injury to brachial plexus 
or central nervous system 

Atraumatic Dislocation-Voluntary or lnvuluntary 

Occurs in a number of nontreumatic causes 
Congenital abnormalities or deficiencies 
Hereditary joint laxity problems such as Ehlers-Danlos syndrome 
Oevelopmemal joim laxity problems 
Emotional and psychiatric disturbances 
Other 

From Dameron lB. Rockwood CA. Pert 2. Subluxations and dislocatioriS at ttl& 
glenohumeral joint. In: Rockwood CA. Green OP, eds. Fractvrs:s, 2nd ad .• Vol. 3. 
Philadelphia. PA: JB Lippincott 1984. with peiTTiission. 

palpated anteriorly in the subcoracoid .region with anterior dis-
location. With traumatic posterior dislocation. the ann is hdd 
adducted. and in marked internal rotation and the hwneral. head 
may be palpated posteriorly. With either dislocation. the normal 
rounded contour of the shoulder is lost. and any attempt to move 
the shoulder either actively or passively is typically very painful. 

A careful history and physical exam are vital to the 
diagnosis in the diagnosis of isolated and recurrent episodes, 
~pecially in ~e young athlete. Patients frequently rec.all a spe-
cific traumatic event as well as a reduction maneuver occur
ring spontaneously or with assistance. The clinician should 
n:cord whether the shoulder became telocated at the scene 
of the injury or in the emergency room. Patients with attau
maric dislocations classically do not rec.all. a specific ttaumatic 
event. These patients usually have not had a formal reduc
tion maneuver and do not have marla:d. pain or dysfunction 
following their instability episodes. These patients may also 
describe multiple directions of translation with anterior and 
posterior subluxation or dislocation being more common than 
inferior. 

The physical examination includes an evaluation of active 
and passive range of motion, as well as shoulder and upper 
arm strength. Most important for the assessment of instability 
are the evaluation of translation of the humeral head on the 
gleno~d ~d apptehe~ion and relocation testing. The stability 
cwwnanon should include an evaluation of both shoulders 
in order to distinguish pathologic laxity fi:om physiologic lax
ity. The shoulder aam.ination should also include a complete 
examination of the cervical spine. 

:Reaarmrt D.isJN:ariou. Glenohumeral stability may be 
assessed with the patient in the sitting or supine position. The sit
~ ~~on requites a relaxed cooperative patient, but the supine 
poSltton IS usually prefi.o:rted, especially with pl'O'YOCative tests for 
dislocation. 
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1 
2 
3 

4 

No increase in translation 
Translation to the glenoid rim 
Translation on to the glenoid rim with 

spontaneous reduction (subluxation) 
Translation beyond the glenoid rim (dislocation) 

From Pagneni MJ. Gelinat BJ. Warren RF. Glenohumeral instability. In: David Drez 
Jr. ad. Orthopssdic sports TT/9dicioo. Principles snd pmctic8. Philadelphia. PA: WB 
Saunders. 1994:590-623. with peiTTiission. 

Translation of the humeral head is first evaluated with the 
shoulder in the neutral position, in enemalrotation for anterior 
inferior testing. and in flexion and internal rotation for posterior 
inferior ttanslarion. The amount of tr:mslation in each direction 
is quantified and compared to the healthy shoulder. A gwiing 
system has been employed as shown in Table 31-4 (266). 

~rovocative Tests. These are often referred to as appehm· 
sum tests and reproduce the mechanism of instability (disloca
tion) that the patient recognizes. 

The anterior apprehension test is performed by abduct
ing and ex:temally rotating the shoulder 90 degrees in each 
di.rection. As more force is gently applied, the athlete will 
become apprehensive of an impending dislocation and either 
adduct and intemally rotate the shoulder or demonstrate their 
concern by changing facial c::xptession or by making a sound. 

For the posterior apptehension test, the shoulder is flexed 
to 90 degrees and internally rotated with a posterior force 
applied to the shoulder joint through the upper ca:remity. 

Rdocation tests are performed to validate the aaminei's 
suspicions of shoulder instability and are best performed with 
~e patient in the supine position. After the anterior apprehen
Sion test has been performed, a hand is placed anteriorly over 
the upper humerus and a posteriorly d.itectc:d force is applied 
while again performing the apprehension test. If positive, the 
relocation test should relieve the patient's apprehension and 
can be verified by removing the posterior force to see if the 
apptehension returns. 

The posterior relocation test is accomplished in the oppo
site manner, with a hand held over the posterior aspect of the 
upper humerus (applying an anteriorly directed force) while 
the posterior apprehension test is performed. 

Inferior or multidirectional instability is evaluated by the 
~cus ~· With the patient sitting, the humerus is grasped 
distally JUSt above the dhow, and an inferiorly directed force 
is applied while stabilizing the scapula. A dimple or S1iP will 
appear over the lateral shoulder as the humeral head is trans

lated inferiorly. The sulcus sign is pathognomonic of multidi
rectional instability (267). 
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To assess for gener.iliz.e ligamentous laxity, which is often 
seen in multidirectional and voluntary dislocations, a nwnber 
of clinical tests should be quickly assessed, including thumb
to-forearm abduction, hyperextension of metacarpal phalan
geal joints (fifth finger >90 degrees), elbow hyperextension 
>10 degrees, and palms ro floor with knees extended (268). 
If the athlete has two or more of these signs, the diagnoses 
and implications of generalized ligamenrous laxity should be 
considered. Surgery is generally contraindicated in this group 
of patients. 

Treatment Recommendations 
No.DBUIJical. Prereduction films should be taken in most 
patients ro confirm the direction of the dislocation and to rule 
out fracture. However, the diagnosis of anterior dislocation is 
readily apparent with the harm held in slight abduction and 
external rotation with the humeral head palpable anteriorly. 
If the treating physician is experienced in diagnosis and man
agement, reduction of the dislocation without prior x-rays is 
permitted. On the playing field, this is accomplished by gentle 
traction on the arm in slight abduction, forward flexion, and 
internal rotation prior to the onset of muscle spasm. 

In the emergency room, reduction is best accomplished 
by appropriate sedation and placing the patient prone, with 
the arm hanging fi= and 5 to 10 lb (2 ro 5 kg) of weight 
attached to the upper extremity. 

Therapy should be aimed at restoration of motion and 
then a specific strengthening program. The athlete should 
work vigorously on the anterior rotator cuff (supraspina
tus and subscapularis) as well as on the periscapular muscles 
following an anterior dislocation. In the rare case of a pos
terior dislocation, the posterior rotator cuff muscles or ener
nal rotators (infraspinatus and teres minor) should be isolated 
and strengthened. Four specific exercises have been shown to 
strengthen glenohumeral muscles (269). 

1. Press-up exerc:;ise. In seated position, the patient lifts his or 
her boy from a chair by placing the hands on the chair and 
extending the upper extremities. 

2. Elevation of the arm in the sagittal plane. 
3. Elevation of the arm in the scapular plan with the arm 

internally rotated and thumbs pointed down. 
4. Horizontal adduction from the prone position with the arm 

externally rotated. 

In addition to restorative motion and strengthening exercises, 
nonoperative treatment for first-time dislocators has classi
cally been preceded by several weeks of immobilization in 
internal rotation. It has been noted by some that when the 
arm is immobilized in e:a:temal rotation, the Bankart lesion 
is more accurately positioned along the glenoid rim to ensure 
proper anatomic healing, thereby decreasing the likelihood 
of redislocation (270-272). Compliance for e:nemal rotation 
bracing in adolescents remains challenging, and improved 
treatment outcomes with e:nernal rotation bracing verses 
internal rotation have not been universally duplicated (273) 
(Fig. 31-57). 
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FIGURE 31-57. Patient immobilized in external rotation brace after 
acute anterior glenohumeral dislocation (A-C). 

Surgi.aal. The redislocation rate after the initial event var
ies among adolescents. Rates have been described as low as 
25% and as high as 100% in adolescents with open phy
ses; however most series in these patients report rates over 
50% (258-264, 27~276). The high rate of redislocation 
has prompted some surgeons to recommend surgical repair 
of the Bankart lesion by atthroscopic technique immedi
ately after the initial dislocation (26~269, 275, 277, 278) 
(Fig. 31-58A-D). A shared decision-making process is help
ful for patients and families for all athletes after the physician 
provides athletes with the risks and benefits of nonopera
tive and operative intervention. Surgical treatment should 
be considered in collision sport adolescent athletes following 
initial dislocation. 

A B 
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FIGURE 31-58. A:. Soft-tissue Bankart lesion repair in a patient with 
repetitive shoulder dislocation. B: Sutures around the elevated soft
tissue Bankart in labrum and capsule. C: Anterior view of the shoulder 
showing labral repair. D: Status postlabral repair. 



Complications 
Recurrence. In almost all cases of recurrent shoulder dislo
cation, the instability is due to a combination of injuries to the 
labrum including bone or soft-tissue Bankan lesions as well as 
avulsion and attenuation of the capsule from the anterior gle
noid. Surgery, be it arthroscopic or open technique, is aimed 
at restoration or repair of this anterior capsulolabral complex 
to eliminate the Bankan lesion (278-280) (Fig. 31-SBA-D). 

For the young athlete with recurrent traumatic multidirec
tional instability, an arthroscopic or open capsular shift is rec
ommended. Careful preoperative evaluation of these patients 
is necessary to differentiate them from the atraumatic group. 
In the latter group, surgery has a much greater incidence of 
failure (266, 267). 

Atraumatic dislocation is divided into voluntary disloca
tion, in which the patient learns to voluntarily subluxate or 
dislocate the glenohumeral joint, and involuntary dislocation, 
in which the dislocation occurs with a specific event such as 
carrying heavy weight. Involuntary atraumatic dislocation is 
often seen in association with generalized ligamentous laxity 
in connective tissue disorders such as Ehlers-Danlos or Marfan 
syndromes (267). 

In patients with voluntary dislocation of the glenohumeral 
joint, there are a significant portion who have associated psycho
logical or even psychiatric disorders (281, 282). Surgery should be 
cautioned against in this specific subset of patients, but psycho
logical support and rehabilitation will often help (267, 281, 282). 

Surgery in the involuntary atraumatic group should only 
be contemplated after failure of a vigorous muscle strengthen
ing program involving all the muscle groups of the shoulder 
for at least 6 to 12 months. The rare patient who fails this 
program may be a candidate for an inferior capsule shift pro
cedure, but the failure rate is significantly higher due to the 
association with ligamentous laxity (267, 268). 

A small group of athletes taking part in sports with a high 
demand for throwing will complain of pain and decreased abil
ity to throw. On examination, the athlete demonstrates signs 
of rotator cuff impingement and inflammation, with pain and 
weakness on resisted supination testing. There are subtle signs 
of glenohumeral instability upon translation testing and pro
vocative maneuvers. These patients respond well to rest, cessa
tion of throwing, and NSAIDs for 2 to 4 weeks, followed by 
a vigorous rehabilitation program once the pain has resolved. 
Specific strengthening of the rotator cuff and scapular stabi
lizers is employed and also an examination of the throwing 
mechanics of these athletes. Results with these nonoperative 
regimes are encouraging (264, 274, 283-286). 

Neurologic Injury. Injury to the axillary nerve is not 
uncommon following traumatic or anterior dislocation, and 
musculocutaneous nerve injury has also been reported (265, 
267). In both cases, these injuries are all almost traction neuro
praxias and will resolve spontaneously. A sulcus sign is dicited 
with directed pressure on the arm, with the arm in neutral 
rotation with the patient seated. In the case of open surgi
cal approaches, knowledge of the anatomic location, course, 
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and direction of these nerves is essential to prevent iatrogenic 
injury (286-289). 

OVERUSE INJURIES 
Anterior Knee Pain in Adolescents. Anterior knee 
pain is a common entity seen in the adolescent, both the 
competitive athlete and nonathlete. Anterior knee pain can 
occur as the result of a number of musculoskeletal conditions 
and can prove challenging for the orthopaedist to sort out. 
These conditions may include "chondromalacia patellae" or 
idiopathic anterior knee pain, Osgood-Schlatter syndrome, 
Sinding-Larsen-Johansson (SLJ) syndrome, synovial plica, or 
patdlar or quadriceps tendinitis. 

Anterior knee pain in adolescents is usually caused by repet
itive overload conditions rather than a specific traumatic event. 

Differential Diagnosis. Any child or adolescent with 
anterior knee pain must have a careful hip examination to rule 
out referred pain from hip pathology such as slipped capital 
femoral epiphysis or Legg-Calve-Perthes disease. In particular, 
any loss of hip motion or an abnormal gait demands careful 
clinical and radiographic evaluation of the hip. 

Osgood-Schlatter Syndrome. Osgood-Schlatter syn
drome or disease (OSD) is a traction apophysitis of the tibial 
tubercle. This is an entity that is common in athletes between 
1 0 and 15 years of age, particularly in those involved in j urn ping 
sports. Osgood-Schlatter syndrome is historically more preva
lent in boys, but occurs with some frequency in girls as well. 

The cause of OSD is repetitive traction on the secondary 
ossification center of the tibial tuberosity. It probably repre
sents a true avulsion or stress fracture of the tibial tuberosity 
ossification center. Some authors have postulated that OSD 
occurs more frequently in patients with patella alta (290), 
while others have postulated the exact opposite as a contribut
ing factor, namdy, patdla infera or baja (291). 

Clinical Features. Symptoms vary widdy in adolescents 
with this condition. In the acute phase, pain and tenderness 
directly over the tibial tubercle are noted. After the acute phase 
heals, the pain and tenderness subside, and the only positive 
physical finding may be an anterior mass. Pain in this phase 
occurs usually after physical activity. 

Radiographic Features. The diagnosis is almost always a 
clinical one, and x-rays merdy confirm what is already known 
from history and physical examination. If the condition is 
bilateral, plain radiographs are not necessary. However, in uni
lateral cases, x-rays should be ordered to rule out other pathol
ogy such as tumor or infection. 

Plain radiographs (true lateral view of knee with leg 
internally rotated 1 0 to 20 degrees to place the tibial tubercle 
in profile) usually show fragmentation of the tubercle or a 
loose ossicle separate from the underlying tuberosity. Further 
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RGURE 31-59. Osgood-Schlaner 
disease. A: Typical radiographic find
ings include a prominence of the tibial 
tubercle with irregularity of the bone 
at the insertion of the patellartendon. 
B: In some cases. a separate ossicle 
may form and not unite. If persistently 
symptomatic. this ossicle may require 
excision. 

A 

investigations such as MRI, CAT scans, or ulttasound are not 
nc:cessary (Ftg. 31·59A. B). 

Natural Hmory. In a study of 50 adult3 who had OSD in 
childhood, 76% had no symptoms or any limitation of function, 
60% had pain when kneeling. and most noted the prc:scnce of a 
promi.aent tibial tube.tde (288). OSD has been noted to be a pre
disposing fuctor in cases of tibial tubercle fi:acture, but no dirc:ct 
cause-and-effect relation has been demonstrated (292-294). 

Treatment 
Nonsurgic:al. The treatment of OSD in the growing child is 
always nonoperative. Tune, rest, and occasional immobilization 
usually result in marked improvement of symptoms (295-299) . 
.Act:i.vity should be limited until the pain resolves and the ath
lete demonsuates a full painless range of knee motion. Use of 
ice wraps can help the acute situation and NSAIDs may relieve 
some of the pain. After the acute phase, a maintenance pro
gram of stretching. especially of the qu.adriceps, and strength
ening of the qu.adriceps and hamstrings may help the athlete. 

Surgic:al. If the patient is skeletally mature and still symp
tomatic, c::xcision of the loose ossicle resolves the symptoms in 
most cases (300, 301). 

Sinding-Larsen..Johansson Syndrome. SLJ syndrome 
is a condition similar to OSD, but affects only the proximal 
attachment of the patellar tendon to the in&rior pole of the 
patella. It typically affects children at a slighdy younger age 
than is the case with OSD, namely. 10 to 12 years. 

Patients present with point tenderness at the inferior pole 
of the patella. Radiographs may show calcification at the infe
rior pole (Fig. 31-60). The condition is thought to be due to 

B 

repetitive tensile stress at the junction of the tendon and bone 
(302, 303). 

Treument is similar to that for OSD. Little is known of 
the natural history of SLJ syndrome. Most patients respond to 
rest and NSAIDs (304). 

There is little, if any, evidence of the bene:fit3 of NSAIDs 
for the osteochondroses. In almost all cases where they are 

RGURE 31-60. SW disease. The lateral radiograph best demon
strates the irregularity at the inferior pole of the patella. 



administered. cessation of physical activity may be just as 
important in relieving the symptoms. However, their use seems 
justified. given the inflammatory nature of these conditions. 

Synovial Plica Syndrome. Synovial plica are normal 
synovial folds within the knee joint that can cause knee pain. 
With trawna or repetitive motion, the plicae may hyper
trophy; causing pain and signs of intra-artirular pathology 
(305-309). 

Oinical Featw.'a. The most common plica to cause sym~ 
toms is the medial patellar plica, which anatomically runs from 
the superior medial pole of the patella or midpatella to the medial 
patellar fat pad (305). Other plicae which have been described 
are the sup~t:ellar, lateral, and infrapatellar plicae (309) 
(Fig. 31--61). 

Most plicae are asymptomatic, but occasionally this con· 
dition is a true symptomatic entity. The patient complains of 
anterior or anteromedial knee pain, often after repetitive activ
ities such as running, jump~ or squatting. The athlete may 
complain of a popping or snapping sensation with their knee 
in midflexion. Giving way may also be a symptom. 

Physical eramination usually reveals tenderness directly 
over the plica as it comes over the medial femoral condyle to the 
infrapatellar fat pad, and possibly a palpable snapping sensation 
as the knee is flexed from 30 to 60 dc:gtees of flexion while the 
patient is weight bearing or standing. In some cases, synovial 
plicae are associated with signs of lateral patellar instability. 

Radiographk Fc:amra. Plain radiographs are normal, and 
other imaging studies have not proven to be of value. This 
syndrome is a clinical diagnosis of exclusion after other causes 
of knee pain and popping have been ruled out. 

Pathoanatomy. Symptomatic plicae demonstrate hypertro
phy and inflammation which lead to thickening and eventual 
fibrosis. With significant fibrosis, changes in the articular sur
face and even subchondral bone may occur (31 0). 

SUPRAPATELLAR PLICA 

IJ1EOIAL PATELLAR PLICA 

INFRAPATELLAR PLICA 

Jill:~~~- ANTERIOR 
CRUCIATE 
LIGAMENT 

FIGURE 31-61. Plicae of the knee. The suprapatellar (superior} plica. 
the midial plica. which is one of the most oommonlv symptomatic. and 
the inferior plica (ligamentum muoosum), which overlies the amerior 
cruciate ligament. 
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Treatment Recommenclatio.as 
flolmltrial. Treatment should consist of nonoperative ther
apy including rest, ice wrap, NSAIDs, and a gradual strength
ening program, especially of the quadriceps and hamstrings, 
avoiding terminal extension if pain is reproduced (311). 

S#tgiul. Rarely, symptoms will fail to resolve after months of 
nonoperative treatment. Arthroscopic resection of the plica is 
indicated in those rare cases, with excellent results expected in 
90% of cases (307, 31~320). Simple division of the plica has 
been associated with recurrence and is not recommended. At 
the time of surgical resection, the joint is thoroughly examined 
for other causes of internal derangement such as meniscal tear 

or patellar maltracking. 

Hoffa Syndrome. Originally described by Hoffa (321) in 
1904, very little is known about this condition in children or 
adolescents. Anatomic studies of the fat pad have revealed a 
densely innervated tissue, and because of its anatomic loca-
tion, its role as a possible cause of anterior knee pain is debated 
(32~326). It has been mentioned as a source of pain or 
pathology in conjunction with other entities such as patellar 
tendinitis, meniscal tear, ACL disruption and reconstruction, 
impingement after inuamedullary nail placement, and tibial 
osteotomy (310, 326). 

Symptoms are similar to those in patients with patellar 
tendinitis or SLJ syndrome. In the latter condition, maximal 
tenderness is at the inferior pole of the patella. In Hoffa syn
drome, the maximal area of tenderness is at the anterior joint 
line on either side and deep to the patellar tendon. 

Management is nonsurgical and consists of rest, ice, and 
NSAIDs. A diagnostic intra.arcicular local anesthetic injection 
dirc:ctly into the fat pad may be of help in those patients whose 
symptoms fail to resolve. There is little informacion as to the 
efficacy of surgical management for this condition (327). 
Because such doubt exists as to the validity of the diagnosis, 
surgical recommendations as a treatment option cannot be 
made (328). 

Idiopathic Anterior Knee Pain. Physicians and surgeons 
are generally unwilling to admit that a patient's complaints 
defy a plausible explanation. However, anterior knee pain in 
children and adolescents can exist in the absence of positive 
physical fin~ for any of the pathologic conditions caus-
ing knee pain. In that case, the term "idiopathic anterior knee 
pain" is used (328, 329). 

These patients typically complain of anterior knee pain 
with insidious onset. The pain is often bilateral, more commonly 
worse in one knee. The pain is made worse with physical activity 
such as running. jumping. squatting. going up and down stairs, 
or after prolonged sitting with the knee in flc:xed position. 

Physical examination may reveal so-ailed miserable 
malalignment including excessive internal ~oral torsion, 
cnernal tibial torsion, mild genu valgum with medial deviation 
of the patella, and a tendency to pes planus or foot pronation. 
Patients typically point to the entire anterior aspect of the knee 
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as the location of the pain. The patients wually do not have 
an effusion and have a full range of motion. The patella may 
be hypermobile and have some evidence of maltracking. but 
without signs of patellar subluxation or dislocation. There may 
be atrophy of the quadriceps and patellar crepitw with flexion 
and extension of the knee or a patellar compression test. 

Examination of patellar tracking should include assess
ment of the Q angle, lateral tilt, and lateral tracking. 

Radiographic Assessment. Plain radiographs including an 
anteroposterior, lateral, notch view, and Merchant view should 
be taken (Fig. 31-1). In most cases, the plain radiographs are 
normal. Unless the clinical diagnosis is suggestive of another 
pathology, there is no indication to proceed to other imaging 
studies such as MRI. 

Treatment and Prognosis. Historically, the term "chondro
malacia patellae" has been wed to describe this entity (330). 
"Chondromalacia patellae" implies changes in the articulation 
between the patella and femoral sulcus, including softening, 
fibrillation, or erosion of the articular surface. In children and 
adolescents with idiopathic anterior knee pain, however, the 
articular surface is often normal. Articular cartilage has no 
sensory nerve endings, and with the lack of articular cartilage 
changes in these patients, the source of the pain is not definite. 
Therefore, one should avoid the we of the term "chondroma
lacia patellae" in the case of patients with idiopathic anterior 
knee pain. 

In what should be a classic article, Sandow and Goodfellow 
reported on the natural history of untreated anterior knee pain 
in adolescent girls followed up for 2 to 8 years (331). The 
symptoms of most of these patients resolved over time or were 
significantly improved. 

Treatment should be almost exdusivdy nonsurgical and 
consist of activity modification, flexibility exercises of the 
quadriceps and hamstrings, strengthening exercises of the same 
muscle groups, and the we of other modalities such as ice, 
heat, ultrasound, and transcutaneous dectrical muscle stimula
tion (331-338). Some patients will benefit from foot orthot
ics, especially if pes planw is a component of the problem. 
Knee orthotics such as a patellar stabilization brace or patellar 
sleeve or strap may also be beneficial. 

In summary, idiopathic anterior knee pain in adolescents 
is commonly referred to as a "headache of the knee" (331). 
The orthopaedist mwt assume the role of the "knee psychia
trist" when treating these patients, with a careful and complete 
clinical history and physical examination, and almost evangdi
cal enthwiasm for nonoperative treatment. It is essential that 
the patient and his or her family understand that the course 
of symptoms may be prolonged, but with growth and matu
ration, activity modification, and an organized rehabilitation 
program, there is excellent prognosis for return to physical 
activities and improvement in symptoms (328). 

Popliteal Cysts. Popliteal or Baker cysts are a common 
entity seen in young children. The common presentation is 
the discovery of an asymptomatic mass by the mother of the 

affected child on the posteromedial aspect of the knee at the 
popliteal crease. The age at presentation is wually 4 to 8 years. 
Pain is an uncommon feature. There is usually no associated 
intra-articular pathology in children with this symptom (339). 

Plain radiographs demonstrate no bony abnormality. 
Transillumination of the cyst or ultrasound can document the 
cystic nature of the lesion and rule out solid soft-tissue lesions 
such as rhabdomyosarcoma. MRI is only indicated when a cys
tic lesion is not identified on ultrasound (340). 

Anatomically, the cyst arises from the posterior aspect of 
the knee joint itself, between the medial head of the gastroc
nemius and the semimembranosw. Although it may be firmly 
attached to the fascia of the medial gastrocnemius, it almost 
always communicates with the knee joint. Spontaneow resolu
tion of popliteal cysts tends to occur, but this often takes up to 
12 to 24 months (339). 

Surgical excision is rardy indicated and should prob
ably be considered only in cases where rapid enlargement has 
occurred or pain is a major feature. Recurrence rates are sig
nificant after surgery, and the treatment of choice should be 
watchful waiting and parental reassurance. 

Shin Splints. "Shin splints" is an outdated term which is 
applied to virtually every type of lower leg pain as a result of 
overwe. A more appropriate term is shin pain. 

Definition. Shin pain refers to a condition that produces 
pain and discomfort in the leg due to repetitive running or 
hiking (341). The condition is limited to mwculotendinow 
inflammations and diagnosis should exclude stress fractures 
and ischemic disorders. Neverthdess, stress fracture and 
chronic exertional compartment syndrome are part of the dif
ferential diagnosis of leg pain in the running athlete. 

Etiology. The etiology of shin splints has been variously 
reported in the literature. The pain is usually appreciated on 
the posteromedial border of the tibia from an area approxi
matdy 4 em above the ankle to a more proximal level approxi
matdy 10 to 12 em proximal. It was fdt that symptoms were 
due to an inflammation and overload of the posterior tibial 
tendon (339, 340). Drez (342) has used the term "medial tib
ial stress syndrome" to describe this pain. Postmortem studies 
have demonstrated that the site of pain along the posterome
dial border of the tibia corresponds to the medial origin of the 
solew mwcle (343). 

Clinical Features. The physical examination consistently 
demonstrates tenderness along the posteromedial border of the 
tibia, centered at the junction of the proximal two-thirds and 
the distal one-third. There is no pain along the subcutaneow 
border of the tibia, and active and passive motion of the foot 
and ankle are wually negative. Active resistant plantar flexion 
and toe raises may elicit the pain. 

Radiographic Features. Routine x-rays are usually 
interpreted as normal, but there may be hypertrophy of the 



posterior tibial cortex with subperiosteal lucency or scalloping. 
Faint periosteal new bone may be present. 

Other Imaging Modalities. Evaluation of troublesome 
shin pain may include a bone scan. In medial tibial stress 
syndrome, there is increased uptake in a longitudinal pattern 
along the posteromedial tibial cortex at the exact site of pain 
and tenderness (344, 345). Tibial stress fractures demonstrate 
a transverse pattern of increased uptake (344, 345). 

Differential Diagnosis. Shin pain in the adolescent athlete 
can be due to a multitude of causes and should be evaluated for 
a specific diagnosis. Possible causes of shin pain include medial 
tibial stress syndrome, stress fracture, exertional compartment 
syndrome, benign or malignant tumor, infection, and other 
rare causes. 

Natural History of Medial Tibial Stress 
Syndrome. Medial tibial stress syndrome is associated 
with a sudden increase in athletic activity, especially running 
(346). A study at the U.S. Naval Academy demonstrated that 
inactive recruits were twice as likely to devdop symptoms as 
were recruits who had been activdy training (347). In the same 
study, rest was shown to be the most important dement of 
treatment. 

Treabnent Recommendations 
Nonsurgical. With rare exceptions, most patients respond 
to nonsurgical treatment. Rest or restriction of causative fac
tors is the most important modality and is usually combined 
with ice, NSAIDs, stretching of lower leg muscle groups, and 
the use of foot orthotics. 

It has been demonstrated that patients with medial tibial 
stress syndrome have a higher incidence of forefoot pronation 
(343-345). Foot orthotics designed to control or devate the 
medial ray of the foot may prove to be beneficial (346-348). 

Stretching of the gastrocnemius soleus complex has merit 
because tight hed cords have been shown to be more prevalent 
in patients with shin splints (342, 347). 

Most patients show some improvement in symptoms 
7 to 1 0 days after cessation of activity, but recurrence is a com
mon problem, especially if the athlete returns to the preinjury 
activity level too quickly. A gradual return to full exercise over 
6 weeks is recommended. 

Surgical. In cases of resistant medial tibial stress syndrome 
after 6 to 12 months of nonsurgical management, surgery in 
the form of rdease of the investing fascia overlying the medial 
soleus (the soleus bridge) and division of the medial soleus ori
gin and periosteum may be indicated (339, 347). Surgery in 
adults has been performed with success but is rardy indicated 
in the growing child. 

Chronic Exertional Compartment Syndrome 
Definition. Chronic exertional compartment syndrome 
is also called exercise-induced compartment syndrome; it is 
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characterized by increased intracompartmental pressure that is 
sufficient to cause pain in the leg and is usually precipitated by 
running (348). 

Etiology. With exercise and muscle contraction, significant 
devations of intracompartmental pressure, up to 80 mm Hg, 
occur (349, 350). Muscle weight and size increase up to 20% 
during exercise and, because of the unyidding compartment 
space, lead to increased pressure that eventually exceeds the 
capillary filling pressure, causing ischemia and pain (350). The 
ischemia is never severe enough to cause muscle necrosis in 
exertional compartment syndrome. Indeed, other srudies have 
cast doubt on the ischemic theory of causation (3 51). 

Clinical Features. The typical presentation is an individ
ual who devdops leg pain in one of the muscle groups of the 
lower leg after training, usually running. The pain is initially 
dull and may persist after training has ended. Paraesthesia 
on the plantar aspect of the foot or the dorsum of the foot 
indicates involvement of the deep posterior compartment or 
anterior compartment respectivdy. These are the two most fre
quent compartments involved (348, 349, 352, 353). 

The physical examination is often normal in the patient at 
rest. Examination of the foot and entire limb for mechanical axis 
deviations and rotational abnormalities should be performed. 

Diagnostic Studies. If there is a high index of suspicion 
of exertional compartment syndrome, pressure measurements 
using either a slit catheter or a wick catheter should be per
formed to evaluate compartment pressure both at rest and after 
exercise (349, 350, 354-357). 

Pedowitz et al. (357) devdoped the following criteria: 

1. Pre-exercise pressure > 15 mm Hg. 
2. A 1-minute postexercise pressure of >30 mm Hg. 
3. A 5-minute postexercise pressure in excess of 20 mm Hg. 

Other studies employed as alternatives to compartment 
pressure testing, including MRI, near infrared spectroscopy, 
and thallium-201 single-photon emission CT scans, have been 
inconclusive (358, 359). 

Natural History. Unfortunatdy, conservative treatment 
methods for exercise-induced compartment syndrome, including 
the use of orthotics, NSAIDs, activity modification, and physical 
therapy modalities, have been shown to be unsuccessful in cases 
where pressure measurements have been obtained (347, 349, 
352, 353). These studies were performed only in adults. 

Treabnent Recommendations 
Surgical. Fasciotomy of the affected compartment is the 
treatment of choice (347, 349, 353, 360). Pressure measure
ments of all four compartments should be conducted prior to 
surgery, as more than one compartment may be involved. The 
tibialis posterior may reside in a separate, deep posterior com
partment, and careful evaluation should be undertaken after 
decompression (351, 360). 
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Options for fasciotomy include (a) fibulectomy (356); 
(b) perifibular fasciotomy (356); and (c) double-incision fas
ciotomy (360). 

Authors Prererred. Recommendations. I prefer to use mul
tiple, limited, skin incisions for obvious cosmetic reasons. The 
fascia between the skin bridges must be divided to ensure that 
the compartment is adequately released. In release of the ante
rior and lateral compartments, care must be taken to protect 
the superficial peroneal nerve. Visualization and protection of 
the saphenous vein and nerve must be done with release of 
the superficial and deep posterior compartments. The skin is 
closed primarily, unlike an acute compartment syndrome. 

Postoperatively, the patient is kept on crutches for 3 to 
4 days, but allowed ambulation and early range of motion 
of adjacent joints. Strengthening is commenced when the 
wounds are healed, and the patient can be expected to return 
gradually to running after 3 to 4 weeks. 

Approximately 90% of patients with chronic compart
ment syndrome are significantly improved with fasciotomy 
(347, 353, 361). Recurrence of the symptoms has been 
reported to be 3.4% in a large series (347). Preoperative evalu
ation including compartment pressure monitoring is essential 
prior to surgical intervention. 

Trochanteric Bursitis 
Iliotibial Band Syndrome. In the skeletally immature 
athlete, trochanteric bursitis is invariably associated with IT 
band tendonitis or "snapping hip syndrome." Clinically, there 
is tenderness directly over and distal to the greater trochanter. 
Pain is accentuated with adduction and external rotation of 
the hip. The patient can often voluntarily reproduce the snap
ping with a trick maneuver. Occasionally; the pain may also be 
experienced just above and at the knee on the lateral epicon
dyle. Associated factors that may contribute to this condition 
include a broad pelvis, leg-length discrepancy, and excessive 
pronation of the foot (362). 

Treatment. This is a condition which generally resolves with 
nonsurgical treatment (362). Treatment is aimed at stretching 
the IT band and decreasing the inflammation with NSAIDs. 
In extreme cases or cases that fail to resolve, local corticosteroid 
injection into the IT band and greater trochanteric bursa may 
be indicated. 

Surgery. Rarely, if nonsurgical methods fail to resolve the 
symptoms, operative release or lengthening of the IT band 
may be required (362). 

Stress Fractures. Stress fractures are becoming more 
common in children because of an increased level of participa
tion in organized athletics, earlier sports specialization, year
round sports, and participation in multiple teams during the 
same season. Stress fractures arise from repeated submaximal 
stresses applied to normal bone or normal stresses applied to 
abnormal bone and can present as a spectrum spanning from 
a mild microfracture to a complete fracture. Running is the 

sport most commonly linked with stress fractures and the tibia 
is the most commonly affected part of the body (363). 

Stress fractures most commonly occur as a result of exces
sive repetitive or unaccustomed stress. The repeated stress is 
below the threshold required to cause acute fractures; however 
it is sufficient to disrupt the body's normal bone remodeling 
mechanism. While an increase in osteoblast activity can occur 
as a consequence of physical training. an abrupt onset of physi
cal training especially after prolonged inactivity tilts the bal
ance toward the stimulation of osteoclast activity. The abrupt 
change can be an increase in duration, intensity, or frequency 
of activity. Stress fractures are believed to occur in this early, 
predominantly osteoclastic remodeling period (364). 

The most commonly affected areas that are affected by 
stress fractures are the proximal tibia, femoral neck, femoral 
diaphysis or the distal femoral metaphysis, medial malleolus, 
and the metatarsals. 

Classification. This more commonly found abnormal 
stress applied to normal bone is described as a fatigue fracture. 
It is less common for athletes to have abnormal bone; how
ever these conditions whereby normal stress causes fractures in 
abnormal bones are described as insufficiency fractures. Stress 
fractures predominantly occur in children and adolescents in 
strenuous activities such as running and jumping sports and 
have been noted infrequently in children involved in free play 
(365, 366). 

Incidence. Military recruits have provided a wealth of infOr
mation regarding a cohort of relatively young healthy active 
participants. A prospective Study vvas performed on Israeli male 
recruits aged 17 to 26, and of these 783 recruits, the risk fur stress 
fractures vvas inversely proportional to age. Each year, above the 
age of 17, the risk fur stress fractures was noted to have been 
reduced by 28% (367). Stress fractures most commonly affect 
the tibia and fibula in younger patients. A retrospective review 
was perfOrmed on 154 military patients aged 17 to 29, and of the 
143 stress fractures identified 99% were located at the tibia (368). 

Risk Factors. Many factors have been correlated with 
stress injuries in pediatric athletes including an excessive rate 
of exercise progression, anatomic malalignment, a history of 
stress injuries, changes in strength and flexibility associated 
with growth, and increased body mass index (366). A well
understood risk for stress fractures is a rapid increase in train
ing intensity which can be commonly found in young athletes 
implementing new training protocols or beginning team pre
season training regimens. The female athlete triad of men
strUal irregularity, osteopenia, and disordered eating should 
alert the treating physician to the potential for an increased 
risk for stress injuries. A difference was noted in cumulative 
stress fractures with an incidence of 4% in girls with a regular 
menstrUal history versus 15% in girls with irregular or absent 
menses (369). A prospective, multicenter cohort study was 
performed to investigate risk factors, and among 146 colle
giate athletes those more likdy to develop medial tibial stress 



syndrome had been pan:icipating in athletic activity for fewer 
than 5 years, had a history of medial tibial stress syndrome 
or stress fracture, or had used orthotics (370). In a swdy of 
adolescent athletes with open physes, patients were primarily 
treated with reduction in weight bearing; however, 7 of 21 
patients reported unsatisfactory outcomes and fuur patients 
with tibial stress fractures had persistent symptoms and were 
changed fi:om reduced weight bearing to plaster cast immo-
bilization. Risk factors for tibial stress fractures include hip 
c::nema1 rotation, lmee malalignment, smaller tibial width, a 
poor level of conditioning, bani terrain, as well as nutritional 
fuctors. 

Differential Diagnosis. Chronic leg pain can occur due 
to a variety of reasons in young athletes. The main concern 
in diagnosis is differentiating a stress fracture fi:om a malig
nant bone tumor, especially with some periosteal new bone 
formation. The physician must also rule out other conditions 
such as benign tumors including osteoid osteoma, infection, 
inflammatory arthritis, or soft-tissue injury. Shin splints are 
discomfort in the leg from musculotendinous inflammation 
as a result of rcpetit:M: impact exercises or the use of foot 
flexors in sports such as running. In patients with proximal 
discomfort, the examiner should check for referred pain from 
the patellofemoral region as patients with the terrible triad of 
femoral anteversion, genu wlgum, and pes planus. This ter

rible triad of malalignment issues is a predisposing factor in the 
development of overuse injuries of the patellofemoral region 
and the lower 1~. 

Clinical Features. When assessing a young athlete in 
whom an overuse injury is suspected a careful and detailed 
history is impottant in diffi:rentiati.ng stress fractures fi:om 
other conditions. Patients with overuse injuries frequently 
complain of an insidious onset of pain that is most intense 
when they are involved in repetitive physical activity such as 
running jumping or dancing (365, 366). Because young ath
letes occasionally deny having symptoms to avoid resting, the 
information provided by parents and coaches can be valuable 
in terms of describing earlier injuries as well as a change in 
the athlete's technique, performance, and disposition. Night 
pain is uncommon in stress fractures but is common is oste
oid osteoma or malignant bone tumors such as osteogenic and 
Ewing sarcoma. 

The physical examination should include an evaluation of 
the entire kinetic chain including alignment, gait, limb length, 
muscle strength, and flc:z:ibility which may reveal tightness, 
appropriate flexibility, or pathologic laxity. Stress fractures are 
noted to occur more commonly in athletes with foot abnor
malities such as pes cavus and pes planus (366, 371-373). The 
aam also includes palpation of tender areas at the site of the 
stress fracture; however, swelling is not a reliable or consistent 
clinical finding (364). 

Imaging Studies. Plain radiograms are inconspicuous in 
the early phase of a sttess fracture; however, they can be useful 
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RGURE31.Q. Plicae of the knee. The suprapatellar{superior) plica, 
the medial plica, which is one of the most commonly symptomatic, and 
the inferior plica (ligamentum mucosum}, which overlies the ACL. 

in the late phase because they can show a periosteal reaction 
or a fracture line such as the dn:aded tibial black tine. Several 
weeks to several months can dapse from the start of a patient's 
symptoms until the time that plain tadi.ographic changes 
begin to appear (Fig. 31-62). Technetium scans are helpful to 
confirm the diagnosis of a stress fracture, and changes can be 
noted using this technique as early as 12 to 15 days following 
the onset of injury and symptoms. It can at times be chal
lenging using bone scintigraphy to distinguish the diffi:rence 
between a stress fracture of the bone and shin splints from 
musculotendinous inflammation. MRI has been described as 
a method of differentiating stress reactions of the bone from 
other conditions in the legs. A study was performed on 22 
athletes whose average age was 16 years. It was noted that 
far.suppressed .MRI showing a localized wide high signal at 
a localized area of bone marrow for sttess fractures was use
ful for discrimination between stress fractures and shin splints 
before the plain radiographs showed a detectable tibial perios
teal .reaction (371). Radiographs, technetium bone scans, and 
MRI were also obtained in symptomatic I~ in runners, and 
the MRI findings correlated with established bone scan grad
ing systems and more precisely defined the site of injury (374). 
In stress fractures, MRI shows band! ike areas of very low signal 
intensity in the intramedullary area, continuous with the corti~ 
cal bone. On T1 images, there is dea:eased signal intensity in 
the marrow (375) (Fig. 31-63). 
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RGURE 31-63.. MAl of the same patient as in Figure 31-53. Arrow 
points to fracture line. 

Treatment. Treatment of stress fractures in the child or ado
lescent depends on the site of injury, the severity of symptoms, 
and the patient's age (365, 376, 377). 

The principles of treatment in young patients revolve 
around the pediatric sports abc's of activity modification, 
bracing and continued rehabilitation, and prevention. The 
activity modification includes education and .instruccion 
for the young athlete to pan:akc in exercise that does impart 
forces on the injured area. This at times includes eliminating 
the sport that the athlete participates in altogether. Bracing 
for lower extremity stress fracrures may include boot or cast 
immobilization or off-the-counter orthotics for 4 to 6 weeks to 
allow sufficient bone deposition to ocau. Continued rehabili
tation and prevention includes advancement to strengthening, 
flexibility exercises and training, as well as instruction regard
ing already addressed factors in the workup including nutri
tional influences, graduated training regimen increases, and an 
awareness of training surf.u::es. 

Surgic:al Tleatment. There are some anatomical areas that 
are prone to prolonged symptoms or in some cases nonunion 
including the femot1il neck, tibial diaphysis, medial malleolus, 
and tarsal navicular (366). 

Femoral shaft stress fractures are at low risk of nonunion 
or displacement and can be managed with activity modifica
tion. Femoral neck stress fractures are at high risk of nonunion 
or displacement, potentially leading to avascular necrosis 

(AVN). Surgical tteatment is therefore recommended and 
is most commonly performed with cannulated compression 
screws. 

For tibial stress ~s. the posterior medial compres
sion side stress fracture is the most common. This is a low-risk 
stress fracture and most heal with 4 to 6 weeks of pnewnatic 
boot immobilization. The tibial anterior tension side fract:ure 
is less common; however in this hypovascular region, callus 
is generally not formed and patients are at risk for delayed 
union or nonunion (378). In the case of delayed union, a 
patellar tendon-bearing cast or commercial orthosis should be 
employed for 4 to 6 months before surgery is considered. If 
nonunion exists in the skeletally manue adolescent, options to 
treat the nonunion include the use of an intramedullary nail 
with or without bone grafting and fibular osteotomy (379). 
In the skeletally immature individual with a diaphyseal tibial 
stress fracture that fails to heal after 6 months of nonopera
tive tteatment, operative treatment is indicated. Excision of 
the fibrous nonunion and autogenous bone grafting from the 
iliac crest with possible fibular osteotomy has been employed 
successfully in this rare situation (379). For medial malleolus 
stress fracrures, the fracture line tends to traverse in an oblique 
manner from the intersection of the medial malleolus and the 
tibial plafond. Nonoperative management including restricted 
weight bearing as well as casting or bracing has a higher fail
ure rate than other low-risk fractures. Operative inteavention 
therefOre can be performed to facilitate early healing and 
recovery. 

In the case of nonunion of tarsal navicular mess fractures, 
recommended tteatment includes e:xcision of the nonunion 
site and autogenous bone grafting. In the case of 5th meta· 
tarsal fract:ure nonunion, recommended treatment includes 
intramedullary screw fixation with or without bone grafting. 

Return to Sports. While the greatest concern fur a young 
athlete is the timeliness of return to sports, the treating physi
cian must assess multiple variables. Return to play should be 
guided by factors indicative of healing and injury prm:ntion 
including the cessation of pain, radiographic evidence of a 
healed fracture, elimination of inciting causes and .instruction 
regarding training methods, and a graduated exercise progr.un. 

Sever Disease 
Definition. Sever calcaneal apophysitis is a self-limited 
inflammatory condition of the os calcis in growing children. 

Clinical Features. The typical child with Sevl:r disease is 
from 9 to 14 years of age and involved in running sports (380). 
The condition is bilateral in most cases and presents as diffuse 
pain and tenderness over the prominence of the hed rather 
than aclusively on the plantar aspect as is seen in plantar fas
ciitis (381). 

Natural History. Originally described by Sever (382) 
in 1912, the condition is presumed to be an inflammatory 



condition of the calcaneal apophysis. Radiographs are normal, 
and the condition in all cases improves over time. 

Treatment With rest, activity modification, and passage of 
time, the condition always resolves (380, 382, 383). Ice, oral 
NSAIDs, sttetc.hing ex.en:ise of the Ach.illes tendon and plantar 
fascia. and heel pads or inserts may offer some relief from the 
discomfort (380, 382, 383). Cast immobilization may rarely 
be necessary for the patient 'With sev~. incapacitating symp
toms (383). Reassur.utce and time are the basis of tteatment of 
this common condition. 

Stress Physaal Reactions. Repetitive stress in the 
upper extremity may lead to a specific stress reaction in the 
physis. This reaction is not uncommonly seen in the distal 
radial physis of skeletally immature gymnasts who load their 
wrists with significant compressive forces while participating 
in vault and floor exercises (Fig. 31-M}. Radiographically, the 
stress reaction is noted as a radiolucency and im:gularity on the 
metaphyseal side of the physis, similar to the radiolucency seen 
in the medial aspect of the proximal tibia in adolescent tibia 
vara and in the femoral neck in patients with slipped capital 
femoral epiphysis. 

Caine et al. (384) found radiographic abnormalities in 
the distal radius in up to 85% of competitive gymnasts who 
were skeletally immature. The same study found an increased 
incidence of positive ulnar variance in the wrists of nonelite 
gymnasts (384). The hypothesis of the study was that repeti
tive compressive forces to the distal radius led to premature 
growth attest resulting in a positive ulnar variance. Positive 
ulnar variance has been associated with secondary wrist prob-
lems including tears of the triangular fibrocanilage complex: 
and ulnar impingement syndrome. 

Athletes involved in throwing sports can develop the same 
symptoms and .radiographic abnormalities in the pnWmal 
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FIGURE 31-64. Anteroposterior radiograph of wrist of gymnast with 
3-month history of wrist pain. Note radiolucency on the metaphyseal 
side of growth plate {physis) indicative of stress physeal reaction. 

humerus. This condition is commonly seen in Little League 
pitchers (385) (Fig. 31-65A, B). 

Treatment of these overuse stress reactions is centered 
on the discontinuation of the offending force or modifica
tion of activities until the symptoms of pain subside. Baseball 
pitchers may need to refrain from pitching for 2 to 3 months 
until the pain that accompanies the throwing motion totally 
subsides. 

Gymnasts with symptomatic radial physeal stress reac
tion should refrain from loading their wrists for up to 2 to 

3 months to allow the reactive changes to heal. 
Strengthening exercises to specifically strengthen the wrist 

flexors should be undert:akcn in gymnasts, and taping or brac
ing to limit wrist dorsiflexion may help prevent reaurence. 

B 

FIGURE 31-65. Radiographs ofthe proximal humerus in a 14-year-(lld, right-handed baseball pitcherwidl shoulder pain that 
progressed over dle final few weeks of the season. A: Widening and irregularity of dle physeal plate are present in the right 
shoulder. B: Radiograph of the left shoulder is provided for comparison. 
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With rest and refraining from the inciting or offend
ing aercise, the radiographic changes seen at the physis and 
metaphysis will resolve. 

Elbow Problems in the Throwing Athlete. The 
elbow of the immature athlete is susceptible to injury when the 
athlete throws too frequently or uses a style that puts too much 
stress on the elbow joint. While young athletes have excellent 
healing potential and regenerative capacities, the apophyses 
and physes are areas of weakness in young throm:rs. In a youth 
baseball study of 476 pitchers, 50% of 9- to 14-~-olds 
reported elbow or shoulder pain (386). 

During the throwing motion. a significant valgus moment 
is applied to the elbow joint (385). This va1gus moment results 
in acessive tensile or distraction forces on the medial aspect of 
the joint (medial epicondyle and ulnar collateral ligaments) and 
excessive compressive forces on the lateral aspect of the joint 
(radiocapitellar joint) (381, 387) (Fig. 31..66). Recent literature 
has emphasized the need for proper pitching mechanics in order 
to reduce injury risk (388, 389). Better pitching mechanics have 
been shown to inc.r:c:ase efficiency as well as create lower valgus 
load on the elbow and rotational torque on the humerus (388). 

Safety guidelines published in USA B~tsebttll News recom
mended limits of 52 :1: 15 pitches per game for 8- to 10-year
olds, 68 :1: 18 for 11- to 12-year-olds, and 76 :1: 16 for 13- to 

14-year-olds (390-392). Similarly, a USA Baseball Medical 

RGURE 31-ai. Pitching produces a valgus moment (large curved 
alTO~ at the elbow. There are compressive forces (st.raight affows) 
across the radiocapitellar joint and tension (curved a/TOws) across the 
medial epicondyle and MCL 

Advisory Council created guidelines in 2006 and recom
mended limits for youth baseball pitchers. They recommended 
for 9- to 10-year-old pitchers limits of 50 pitches per game 
and 75 pitches per week. For 11- to 12-year-old pitchers, the 
recommendation is 75 pitches per game and 100 pitches per 
week; and for 13- to 14-year-old pitchers, it is 75 pitches per 
game and 125 pitches per week. Pitchers are also discouraged 
fiom pitching for more than one team in a given season and 
fiom tetuming to the mound in a game once he or she has 
been removed (393). Youth pitchers are also at increased risk 
of dhow and shoulder injury when they throw curveballs and 
sliders, and youth pitchers should therefore avoid throwing 
breaking pitches (386). Other controlled labomtory stud
ies on youth baseball pitchers show that the curveball when 
compared with other pitches such as the fastball does not put 
the shoulder or dhow at an increased risk for injury (391, 
392). The authors suggest that increased risk ofinjwy is due to 

the amount of pitching rather than the type of the pitch (394). 
"Thrower's elbow" is the term used to describe all the &c

ets of overuse injury in the young throwing athlete. The term 

was originally proposed in 1960 and encompasses a spectrum 
of conditions including medial epicondyle apophysitis, capitel
lar OCD, radial head defonnarion, oleaanon apophysitis, and 
flexion contracture (390). 

Patllopllysiology. Risk factors that cause elbow problems 
in the young athlete involved in throwing sports have been 
studied extensively in recent years. Factors responsible include 
age of the pitcher, skeletal maturity, tissue strength, muscle 
strength, level of conditioning, throwing speed and style, types 
of pitchc:s thrown, nwnber of pitchc:s per outing, and number 
of outings per season (386, 390, 391, 411). 

In a study that analyzed dhow and shoulder problems in 
the young throwing athlete, 47% of pitchers complained of 
shoulder or elbow pain, and 68% of the elbow pains were medial 
(382, 389). Twenty-eight percent of the pitchers complained of 
elbow pain specifically, and throwing split finger pitches or slid
ers increased the incidence of elbow complaints (386). 

Two groups of adolescent pitchers were asked to complete 
a survey in an effort to isolate risk. factors for upper extremity 
injury: 95 pitchers who had shoulder or elbow surgery and 
45 pitchers with no significant pitching-related injury. Results 
showed that injury was most strongly associated with overuse 
and fatigue (395). High-pitch velocity and showcase participa
tion also increased the risk for injury.. 

Medial Epicondyle Apophysitis. The muscle, tendon. and 
bone of the medial epicondyle resist traaion fo.rccs better than 
the apophyseal cartilage. These repetitive messes cause miaofrac
wres in the apophyseal cartilage not unlike those seen in Osgood
Schlatter syndrome. The apophysis is seen to widen on x-ray 
films. Clinically, these patients tend to be in their preadolescent 
years around the ages of 10 to 13. A gr.u:lu.a1 onset of pain is most 
common including pain with activity such as hard throwing. 

On c:xamination, point tenderness over the medial epicon
dyle is dicia:d. The pain may also be inc.r:eased if a valgus ~ 



is applied to the dbow or if resisted wrist flaion or pronation is 
tested. Patienu may also present with swdling and a flaion con
ttacture in more severe chronic cases. Radiographs may be normal 
or show medial epicondyle fragmentation or physeal widening. 
Comparison radiographs can help delineate subtle abnormalities. 

Treatment Treatment fur most of the overuse injuries in 
the skeletally immature athlete is rest and avoidance of the 
offending activity, and the elbow is no exception. Rest, ice, 
and the use of acetam.inophen or NSAIDs should result in 
improvement of symptoms. A gradual return to sports may 
resume when the athlete is symptom free, requires no medica
tion, and has a normal examination. An inte.rval progressive 
throwing program can typically be instiruted at 6 to 12 weeks 
following the onset of treatment. If the athlete develops a ttue 
avulsion of the medial epicondyle, treatment should consist of 
cast immobilliation if the apophysis is displaced 5 mm or less. 
Surgical fixation of the medial epicondyle should be consid
ered if it is displaced more than 5 mm in a throwing athlete 
or gymnast. Fixation can be aa:omplish.ed with a small can· 
nulated screw, which allow5 c:arly range of motion to mini· 
mize the risk of elbow stiffness. The screw does not need to 
pass through the opposite cortex. A fully threaded screw with 
washer is employed to provide enough stability to allow ea.rly 
range of motion. The epicondyle is positioned without removal 
of physea.l cartilage. The screw is not routinely removed unless 
it becomes prominent and symptomatic to the patient. 

Capitellar Osteochondritis Dissecans. JOCD 
of the elbow should be differentiated from juvenile osteo
chondroses of the capitellum or "Panner disease" (396, 397). 
Originally described by Panner (397) as a postttawnaticAVN, 
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the juvenile form occurs in children who are younger than 
10 years; it is a traumatic and probably due to variation in ossi
fication rather than typical OCD. It is self-limited and resolves 
spontaneously (396). OCD is differentiated from Panner 
disease by its older age of presentation (i.e., age 10 years or 
older), incomplete involvement of the capitellum, loose body 
fonnation, and prolonged clinical course. 

The vast majority of patients are males in baseball and 
females in gymnastics. The uue incidence in baseball players 
and gymnasts remains unknown. 

Pathoanatomy. The pathologic entity of OCD involves 
infarction in the subchondral bone followed by resorption of 
the necrotic bone and changes suggestive of repair. The exact 
mechanism is not yet determined, but likely involves an inter
play between ischemia, traull1a. and genetic factors. Other 
minor factors that may have potential roles in the etiology are 
a biomechanical mismatch between the radial head and the 
capitellum, blood dyscrasia, and endocrine abnormalities. 

The late coclriag and early acceleration phases of throw· 
ing causes valgus stress and increased compressive loads at the 
radiocapitellar joint (398). Similarly. gymnasts C~.pCrience lat
er.d compression of the elbow when performing routines that 
convert the arms to weight-bea.ring e:nremities. The dhows 
of female gymnasts are in valgus in full enension and, when 
combined with an increased carrying angle compared to males, 
result in large axial loading to the lateral side of the elbow. 

Evaluation. OCD of the capitellwn presents with an insid
ious onset of lateral elbow pain in the dominant e:x::t:remity. 
A f.unily history of OCD may be helpful since a genetic pre· 
disposition is likd.y (Fig. 31~. If loose bodies are present, 
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FIGURE 31-61. Osteochondral lesion of the capitellum in a 15-year-old baseball player with a painful elbow. A: The subchon
dral plate of the capitellum appears intact Subchondral cysts are present. B: The CT scan with three-dimensional reconstruc
tion demonstrates the bony defect of the capitellum, including loss of the subchondral plate in that area. 
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additional complaints of locking and catching may be 
reponed. The patient will usually have tenderness directly over 
the capitellum and a small effusion. There is often a loss of 
terminal extension, and occasionally, mild losses of flexion and 
forearm rotation. Forearm rotation may elicit crepitus in the 
radiocapitellar joint. 

Standard radiographic views of the involved elbow should 
be obtained for patients with lateral elbow pain. Radiographs 
of the contralateral elbow may help when subtle findings are 
likely. OCD lesions are seen as focal areas of lucency in the 
subchondral bone with surrounding subchondral sclerosis, 
most commonly in the anterior-distal surface of the capitel
lum. A characteristic semilunar rarefied zone called the cres
cent sign may be seen. Irregularity and enlargement of the 
radial head, as also seen in Panner disease, may be noted. MRI 
may be helpful for detecting early lesions by revealing marrow 
edema and unstable lesions by showing intervening fluid on 
T2-weighted images. 

Nonoperative Treabnent. Treatment is governed by stage 
and clinical findings. Symptomatic, skeletally mature patients 
and skeletally immature patients with intact, stable lesions 
shown on MRI are best managed nonsurgically with rest and 
cessation of throwing. The activity modification reduces exces
sive axial load to the radiocapitellar joint. A gradual return to 
activities is allowed once full range of motion, strength, and 
endurance have returned. A progression of activities is allowed 
as long as the patient remains asymptomatic, and full partici
pation is generally achieved after 3 to 6 months. The lesions, 
however, may take up to 12 months to heal. A recent study of 
39 baseball players (mean age, 12.8 years) with capitellar OCD 
showed that nonoperative treatment is appropriate for early 
lesions as the healing potential is still high. However, the poten
tial to spontaneously heal is low in advanced cases of OCD, 
thereby indicating surgical treatment (399). Early diagnosis 
and treatment therefore provide a more favorable outcome. 

Operative Treatment. Surgical management may be 
necessary if symptoms continue with nonsurgical care. Persistent 
symptoms may indicate loose bodies, articular canilage fractures, 
or displacement of an osteochondral fragment. If the lesion is 
unstable, the base should be freshened and fixed with pins, screws, 
or bioabsorbable nails. Surgical intervention often involves exci
sion of partially attached lesions and loose bodies, as well as sub
chondral drilling or abrasion chondroplasty. Recent literature 
points to autologous osteochondral mosaicplasty as a relatively 
effective treatment for advanced lesions. Nineteen adolescent 
patients were evaluated to determine the efficacy of autologous 
osteochondral mosaicplasty for advanced elbow OCD lesions in 
teenage athletes. All but two patients returned to a competitive 
level of the span that they had previously played, and clinically 
significant improvements were noted in elbow range of motion 
and clinical elbow scores (400). Recipient and donor sites have 
been evaluated in separate stUdies, and MRI findings indicate 
that the graft incorporation to the surrounding tissues occurs 
around or after 6 months postoperatively (401). For the recipient 
site, no adverse effects on donor knee function were found based 

on Lysholm and IKDC scores; however MRI indicates that the 
donor site is resurfaced with fibrous tissue (402). 

The use of multiple arthroscopic lateral ponals can raise con
cern for trauma to the lateral ligamentous complex of the dhow; 
however studies show that correct placement of arthroscopic 
ponals or lateral mini anhrotomy can avoid these structures and 
allow for full visualization of the defect (403, 404). 

Rehabilitation is begun early to promote restoration of 
motion and strength. The decision to resume throwing sports 
is one that should not be made until the lesion is healed and 
the elbow fully rehabilitated. 

The skeletally immature elbow is susceptible to overuse 
injury due to the forces applied to the elbow during throw
ing (381, 387,391,392, 405-408). When the elbow becomes 
painful, coaches, trainers, and medical personnel should advise 
cessation of throwing. Fonunately, nonoperative treatment is 
successful in alleviating most of the conditions associated with 
"Thrower dhow," but the athlete, parents, and coaches must 
be educated as to the reasons for the problem and ways to pre
vent it from recurring. 

This chapter outlines the many potentially acute and 
overuse injuries that can occur to the skeletally immature ath
lete. Despite these risks, the beneficial aspects of recreational 
and organized spons far outweigh the hazards. Most imponant 
of all the benefits is the development of an active and healthy 
lifestyle, which offers countless rewards not only during child
hood and adolescence but also in adult life. 
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