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    Chapter 10   
 Tennis Injuries of the Hip and Knee                     

         Steven     M.     Andelman      and     Alexis     C.     Colvin   

          Introduction 

 Extensive efforts to both quantify and qualify injuries common to the young tennis 
athlete have come to represent a growing body of literature with contributions 
from multiple specialists including orthopedic surgeons, physiatrists, athletic 
trainers, and biomechanical scientists. Early research into the subject focused 
mainly on epidemiologic studies, attempting to enumerate the most common inju-
ries encountered in competitive youth tennis. Later research concentrated on 
describing the etiology, diagnosis, and treatment of tennis-specifi c injuries. The 
majority of these efforts have focused on conditions of the upper extremity at the 
elbow and shoulder. It has not been until recently that interest has turned toward 
the unique biomechanical, anatomic, and pathologic stresses placed on the hip and 
knee during tennis. 

 This chapter will serve as a review of the literature of injuries to the hip and 
knee encountered in the young tennis athlete. Following the trend of the available 
literature, this review will begin with analysis of the numerous attempts to 
describe the epidemiology of injuries to the lower extremities within various pop-
ulations of tennis athletes. The focus will then shift toward the specifi c injuries of 
the hip and knee seen in young tennis athletes and end with future directions for 
research.  
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    Epidemiology of Tennis Injuries 

 Many early attempts at characterizing tennis injuries were aimed at determining 
their incidence in different age groups at varying levels of play. A comprehensive 
2006 review of literature regarding injuries associated with tennis identifi ed 31 total 
epidemiologic studies from 1966 to 2006 [ 1 ]. These ranged from small prospective 
studies of elite-level athletes to large, survey-based retrospective studies of 
recreational- level players. In addition to the variety of studies, each set of authors 
also provided differing defi nitions of what constitutes an “injury,” thus leading to 
confl icting levels of reported incidence. Table  10.1  provides a sample of the avail-
able literature and demonstrates the variability of study structure as well as the 
associated inconsistency in the reported results.

   Hutchinson et al. followed 1440 participants in the United States Tennis 
Association (USTA) Boy’s Tennis Championships over 6 years and reported an 
injury rate of 21.5/1000 athletic exposures, with one athletic exposure equivalent to 
a tennis match [ 5 ]. Contrast this to Winge et al. who followed 89 elite-level young 
male and female athletes over one tennis season and reported 2.3 injuries/1000 h of 
tennis [ 3 ]. Assuming the relative comparability between “athletic exposures” and 
“hours of tennis,” this nearly tenfold difference can most likely be attributed to the 
strict defi nition of an injury by Winge in comparison to that used by Hutchinson. 
Winge defi ned an injury as that which “handicapped” an athlete or required “special 
attention” from medical personnel, while Hutchinson defi ned an injury as anything 
requiring medical assistance. 

 Better clarity, especially from the perspective of the treating physician, can come 
from studies with a more strict defi nition of injury. Defi ning an injury as that which 
prevented tennis play for greater than seven days, Jayanthi et al. reported an inci-
dence of 3.0 injuries/1000 h [ 9 ]. Similarly, Lanese et al. prospectively followed 12 
male and 11 female college-level athletes monitoring for injuries that prevented 
participation in competitive play and reported an incidence of 1.6 and 1.0 inju-
ries/1000 h, respectively [ 4 ]. Corroborating the results of these early epidemiologic 
studies, Hjelm et al. reported a rate of 1.7 and 0.6 injuries/1000 h of tennis for male 
and female athletes, respectively [ 9 ]. Using a more strict defi nition of “injury” as an 
incident that causes an athlete to be unable to compete, the true incidence of injury 
for both recreational and competitive tennis players likely lies between 0.6 and 3.0 
injuries/1000 h as reported above. 

 To put the incidence of tennis-related injuries in young athletes into context, 
they can be compared to reported rates of injury for other common sports. Hootman 
et al. published 16 years of data on collegiate injuries sustained during practice and 
competitive events [ 12 ]. In this retrospective review, an injury was defi ned as that 
which caused an athlete to miss at least one day of competitive play. All data was 
expressed in terms of “athlete events” (AE), defi ned as the participation of one 
athlete in one practice or game. Reported rates of injury ranged from 35.9 inju-
ries/1000 AE in men’s football to 4.3 injuries/1000 AE in women’s softball. While 
this data was expressed in terms of “athletic events,” and not in “hours of sport” 
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such as the  aforementioned epidemiologic data for tennis injuries, it is appropriate 
to assume that tennis has a relatively low injury rate when compared to other com-
mon sports. 

 A subset of the epidemiologic studies also reported on the location and type of 
injury sustained during tennis play. Table  10.2  represents a review of the location of 
injury with special attention to the hip and knee. Although differences exist, the 
majority of data suggests that lower extremity injuries predominate with approxi-
mately twice as many injuries occurring at the knee compared to the hip.

   Of those studies that reported on etiology of injury, chronic injuries are shown to 
be more common than acute injuries [ 3 ,  9 ,  10 ]. Looking specifi cally at acute injuries, 
sprains, strains, and muscular contusions occur with relative frequency, while frac-
tures and ligamentous tears were rarely reported (Table  10.3 ). Only Hjelm looked 
specifi cally at mechanism of injury, reporting that 30 % of all injuries occurred while 
hitting a ball, 24 % occurred during training exercises, 9 % were attributed to twist-
ing injuries, and 5 % were attributed to acceleration/deceleration movements [ 10 ].

   Overall, the epidemiologic studies of injuries in young tennis athletes reveal a 
relatively low incidence of injury with a predominance of chronic injuries over 
acute occurring most frequently in the lower extremities.  

   Table 10.2    Common sites of tennis-related injuries                   

 Study 
 % Lower 
extremity 

 % Upper 
extremity  % Trunk 

 % Knee 
injuries  % Hip injuries 

 Reece [ 2 ]  59 %  20 %  21 %  –  – 
 Winge [ 3 ]  39 %  46 %  24 %  4.3 %  – 
 Hutchinson [ 5 ]  49 %  26 %  25 %  19.2 %  8.8 % 
 Sallis et al. [ 7 ]  M: 62.2 % 

 F: 70.7 % 
 M: 23.1 % 
 F: 21.9 % 

 M: 
14.6 % 
 F: 7.2 % 

 M: 
6.11 % 
 F: 11.0 % 

 M: 3.7 % 
 F: 8.5 % 

 Jayanthi et al. 
[ 9 ] 

 41 %  43 %  11 %  12 %  5 % * 

 Hjelm [ 10 ]  50 %  25 %  25 %  14 %  5 % ** 

 *denoted as thigh/groin strain
**denoted as groin strain  

   Table 10.3    Common types of tennis-related injuries   

 Study  Mechanism of injury 

 Winge [ 3 ]  Sprain: 17 % 
 Strain: 14 % 
 Fracture: 2 % 

 Hutchinson [ 5 ]  Sprain: 58 % 
 Strain: 21 % 
 Contusion: 7 % 

 Silva et al. [ 8 ]  Muscle contracture: 26 % 
 Strain: 11 % 
 Sprain: 6 % 
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    Development and Anatomy of the Hip and Knee 

 A basic understanding of the development and anatomy of the hip and knee is essen-
tial prior to discussion of common lower extremity injuries seen in young tennis 
athletes. 

 The knee is composed of two articulations – tibiofemoral and patellofemoral. 
The tibiofemoral articulation is a ginglymus or “hinge-type” articulation that 
allows for rotation as well as fl exion and extension in the sagittal plane. The tibio-
femoral articulation functions to transmit forces from the femur to the tibia. 
Stability to the tibiofemoral articulation is derived from the surrounding ligamen-
tous and tendinous structures. The medial and lateral collateral ligaments resist 
valgus and varus stress, respectively, while the anterior cruciate ligament is the 
primary restraint to anterior translation of the tibia on the femur, and the posterior 
cruciate ligament is the primary restraint to posterior translation of the tibia on the 
femur. Multiple other dynamic stabilizers play a role in tibiofemoral function 
including the gastrocnemius, popliteus, and hamstring muscles. In the developing 
skeleton two primary physes are present – one at the distal femur and one at the 
proximal tibia. These two physes allow for the highest rate of longitudinal growth 
in the body with the distal femoral physis growing at a rate of 0.9 mm/year and the 
proximal tibial physis growing at a rate of 0.6 mm/year [ 13 ]. Closure of the distal 
femoral and proximal tibial physes occurs at the onset of skeletal maturity, consid-
ered to be between 13 and 14 years of age in females and 15–16 years of age in 
males [ 13 ] (Fig.  10.1 ).

   The patellofemoral joint is a gliding articulation that functions to transmit 
forces from the quadriceps tendon to the patellar tendon to facilitate extension 
of the tibiofemoral joint. The patella sits within the trochlea of the distal femur. 
The quadriceps tendon inserts on the superior pole of the patella, while the 
patellar tendon originates at the inferior pole of the patella and inserts distally 
on the tibial tubercle. Further stability of patellar motion is derived from the 
insertions of the vastus medialis and lateralis as well as the medial patellofemo-
ral ligament. The primary structure of importance in the developing skeleton is 
the tibial tubercle apophysis into which the patellar tendon inserts. This second-
ary growth center is cartilaginous up until age 11 after which an apophysis 
begins to form that is visible on radiographic examination. Apophyseal matura-
tion occurs from age 11 to 14. From age 14 to 18, the apophysis fuses with the 
tibial epiphysis, and after age 18 the fused epiphysis and apophysis fuse to the 
rest of the tibia [ 14 ]. 

 The hip is a ball-and-socket joint with the proximal femoral head articulating 
into the acetabulum. The hip allows for multidirectional movement including fl ex-
ion, extension, adduction, abduction, and internal and external rotation. Hip stabil-
ity and motion is determined both by the bony articulation between the femoral 
head and the acetabulum as well as the many dynamic stabilizing muscles that cross 
the hip joint including the gluteus medius and minimus (abduction); the adductor 
magnus, longus, and brevis (adduction); the gluteus maximus (extension); the ilio-
psoas (fl exion); and the short external rotator muscles (external rotation). Further 
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stability comes from the hip labrum, analogous to the labrum of the shoulder, which 
provides a deepening of the acetabular socket. 

 The developing pediatric hip is composed of multiple ossifi cation centers that 
arise at varying ages. While the femoral shaft and femoral capital epiphysis are 
present at birth, the femoral head appears at 4–6 months of age, the greater  trochanter 
appears at 2–4 years of age, and the lesser trochanter appears later during puberty 
[ 15 ]. All ossifi cation centers fuse after the onset of puberty between 14 and 18 years 
of age. The acetabulum is composed of the triradiate cartilage that represents the 
confl uence of the ilium, ischium, and pubic innominate bones. Not a true secondary 
center of ossifi cation, the triradiate cartilage fuses between 14 and 18 years of age 
[ 16 ,  17 ] (Fig.  10.2 ).

       Knee Injuries 

 From a biomechanical perspective, tennis places a high level of stress on the knee 
joint and surrounding ligamentous and tendinous stabilizing structures. Tennis play 
requires short bursts of high-intensity running interspersed with the stopping, start-
ing, pivoting, and twisting motions necessary to reach the location of the ball, 
maneuver to set up the impending stroke, and return the ball to the opponent. The 

  Fig. 10.1    Lateral and AP radiographs of the pediatric knee. ( A ) Distal femoral physis, ( B ) proxi-
mal tibial physis, ( C ) tibial tubercle apophysis, and attachment of the patellar tendon       
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average tennis point involves more than eight changes of direction, each placing a 
load of 1.5–2.7 times the involved body weight through the knee joint and surround-
ing structures [ 18 ]. Available data suggests that 4.3–19.2 % of all tennis-related 
injuries occur to the knee [ 3 ,  5 ,  8 ,  9 ]. While the majority of tennis injuries in young 
athletes tend to be chronic overuse injuries to the patellofemoral compartment and 
extensor mechanism, the twisting and pivoting motions necessary for tennis play 
produce a unique profi le of injuries to the tendinous and ligamentous stabilizing 
structures of the knee. 

    Chronic Knee Pain 

 A signifi cant amount of knee injuries encountered in young tennis athletes have 
been characterized as “overuse” injuries [ 2 – 4 ]. The repetitive knee fl exion and 
extension during tennis play leads to microtrauma to the knee joint. Published rates 
of chronic knee injuries have varied from 30 to 72 % [ 5 ,  10 ,  19 ]. The majority of 
these injuries can be localized to the extensor mechanism and patellofemoral com-
partment with patellofemoral pain syndrome, quadriceps and patellar tendonitis, 
Osgood-Schlatter’s disease (OSD), iliotibial band (ITB) syndrome, and bursitis 
being the most commonly encountered diagnoses  [ 10 ,  23 ,  37 ]. There have been few 
attempts to determine the true incidence of the each individual diagnosis. Hjelm 
et al. reported on 14 chronic knee injuries out of 100 total injuries. Within this 

  Fig. 10.2    AP radiograph of the pediatric hip. ( A ) Proximal femoral physis, ( B ) apophysis of the 
greater trochanter, ( C ) triradiate cartilage       
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subset, the authors reported on one case of patellofemoral pain syndrome (7 %), 
three cases of patellar or quadriceps tendinopathy (21 %), two cases of ITB syn-
drome (14 %), and two cases of OSD (14 %) [ 10 ]. 

 Differentiating between causes of chronic knee pain and arriving at a single diag-
nosis can be diffi cult due to the subtle differences of presentation between the vary-
ing pathologies. The following represents an overview of the most common causes 
of chronic knee pain in young tennis athletes including etiology, diagnosis, and 
initial treatment modalities.  

    Patellofemoral Pain Syndrome 

 Patellofemoral pain syndrome (idiopathic chondromalacia patellae) is characterized 
by aching anterior knee pain exacerbated by knee fl exion. Pain is caused by mal-
tracking of the patella within the trochlear groove leading to abnormal forces within 
the patellofemoral compartment. It can arise due to a multitude of intrinsic anatomic 
factors including a high “q angle” caused by increased femoral anteversion or exter-
nal tibial torsion, trochlear dysplasia, or lateral patellar instability [ 20 ]. The reported 
incidence of patellofemoral pain syndrome in young tennis athletes is between 7 
and 16 % [ 10 ,  21 ]. It is important to note that patellofemoral pain syndrome is due 
to inherent anatomic variations to the patellofemoral compartment that are exacer-
bated by the repetitive knee fl exion required by tennis play (Fig.  10.3 ).

   Patellofemoral pain syndrome is a diffi cult diagnosis to make and is many times 
considered a diagnosis of exclusion. Presence of obvious anatomic causes as 

  Fig. 10.3    Sagittal and coronal views of the pediatric knee. ( A ) Quadriceps tendon, ( B ) patellar 
tendon, ( C ) patella, ( D ) distal femoral physis, ( E ) proximal tibial physis, ( F ) insertion of patellar 
tendon into tibial tubercle apophysis, ( G ) anterior cruciate ligament, ( H ) posterior cruciate liga-
ment, ( I ) lateral collateral ligament, ( J ) medial collateral ligament, ( K ) lateral meniscus, ( L ) medial 
meniscus       
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described above as seen on either x-ray or advanced imaging facilitates such a task. 
In the absence of such fi ndings, many patients will complain of generalized anterior 
knee pain without point tenderness. Patients may complain of pain with other 
actions requiring deep knee fl exion such as navigation of stairs. If a diagnosis of 
patellofemoral pain syndrome is suspected, initial treatment always involves rest, 
nonsteroidal anti-infl ammatory medications, and long-term physical therapy 
directed toward core and quadriceps strengthening [ 22 ].  

    Quadriceps and Patellar Tendonitis 

 Quadriceps and patellar tendonitis occur at the insertion of the quadriceps tendon at 
the superior pole of the patella and the origin of the patellar tendon at the inferior 
pole of the patella, respectively. Both diagnoses are seen often in sports requiring 
knee fl exion and extension due to repetitive eccentric contractions of the extensor 
mechanism leading to microtears at the bone-tendon interface [ 21 ,  23 ]. Quadriceps 
and patellar tendonitis are thus understandably seen in young tennis athletes given 
the repetitive deep knee fl exion and extension necessary to complete a tennis stroke. 

 While both quadriceps and patellar tendonitis cause diffuse anterior knee pain, 
they can be differentiated by location of point tenderness and exacerbating maneu-
vers. Whereas quadriceps tendonitis will lead to pain with palpation of the superior 
pole of the patella and be exacerbated with knee extension, patellar tendonitis will 
lead to pain with palpation of the inferior pole of the patella and be exacerbated 
with knee fl exion. Clinical examination is usually suffi cient to diagnose quadri-
ceps and patellar tendonitis. However, knee ultrasound and magnetic resonance 
imaging (MRI) can help confi rm diagnosis or aide in diagnosing more subtle 
presentations. 

 Treatment is based on conservative measures including rest, nonsteroidal anti- 
infl ammatory medications, and physical therapy initiated upon resolution of pain 
directed fi rst at range of motion exercises before progressing to loading of the quad-
riceps mechanism [ 24 ,  25 ].  

    Osgood-Schlatter’s Disease (OSD) 

 Osgood-Schlatter’s disease (tibial tubercle traction apophysitis) is another common 
cause of pain in adolescent athletes who participate in sports that involve jumping 
or fl exion activities. It arises due to repetitive tension placed on the insertion of the 
patellar tendon at the apophysis of the tibial tubercle in skeletally immature patients 
prior to fusion between the apophysis and tibial epiphysis. Repetitive traction forces 
placed on the unfused apophysis lead to point tenderness and pain over the tibial 
tubercle. In this manner OSD can be seen as analogous to patellar tendonitis in 
skeletally immature tennis athletes [ 26 ]. 
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 Diagnosis of OSD is made purely on a clinical basis in skeletally immature 
patients with tibial tubercle tenderness associated with knee fl exion. Imaging rarely 
plays a role in diagnosis, although x-ray imaging can demonstrate irregularity of the 
tibial tubercle [ 27 ]. 

 Like patellar tendonitis, initial treatment is conservative and aimed at rest, nonste-
roidal anti-infl ammatory medications, and physical therapy directed at quadriceps 
stretching to decrease tension on the unfused apophysis. Recalcitrant cases can be 
treated with an extended period of long leg cast immobilization or, if skeletally mature, 
excision of any residual fragmented ossicles of the tibial tubercle [ 28 ] (Fig.  10.4 ).

       Iliotibial Band Friction Syndrome 

 Iliotibial band (ITB) syndrome arises from excessive friction between the ITB and 
lateral femoral condyle. It has been associated with a variety of anatomic and physi-
ologic abnormalities including weak hip abductors, a tight ITB, increased tibial 

  Fig. 10.4    Lateral radiograph of the knee demonstrating tibial tubercle apophyseal irregularities 
associated with OSD [ 29 ]       
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internal rotation, genu varum, and mismatch between hamstring and quadriceps 
strength – all of which can cause maltracking of the ITB and irritation at the area 
overlying the lateral femoral condyle. ITB friction syndrome is seen commonly in 
sports that require repetitive knee fl exion and extension such as cycling and running 
as well as in those athletes who undergo a sudden, rapid increase in training inten-
sity [ 30 ]. ITB friction syndrome has been identifi ed in young tennis athletes, espe-
cially at the onset of training during preseason conditioning [ 21 ]. 

 Diagnosis of ITB friction syndrome can be made clinically with point tenderness 
over the lateral femoral condyle in the region of the ITB with reproduction of pain 
with deep knee fl exion. The Ober test can help to identify ITB pathology. In this 
maneuver the patient is placed lateral lying on the unaffected side. The affected 
knee is brought from fl exion and abduction to extension and adduction. Decreased 
ability to adduct is suggestive of ITB tightness, while pain during the maneuver is 
suggestive of ITB infl ammation. Radiographs and MRI do not so much aide in diag-
nosis as help to identify possible underlying anatomic abnormalities and rule out 
lateral knee compartment intraarticular pathology [ 30 ]. 

 After a diagnosis of ITB friction syndrome, conservative treatment is initiated 
with a focus on stretching the ITB and strengthening hip abductors. In the rare 
instance of recalcitrant ITB friction syndrome, corticosteroid injections have proven 
effective. Surgical ITB lengthening represents an option of last resort after all con-
servative measures have failed [ 30 ].  

    Bursitis 

 There are multiple bursas about the knee that can become irritated and infl amed 
from the fl exion, twisting, and pivoting motions that occur throughout a tennis 
match. The most commonly encountered diagnoses are prepatellar bursitis, pes 
anserinus bursitis, and semimembranosus bursitis [ 21 ]. There is no published lit-
erature concerning the incidence of these injuries in young tennis athletes. 
Diagnosis of bursitis is clinical and based on tenderness to the bursa in question 
and pain with associated provocative movements. Treatment is aimed at conserva-
tive management with rest and nonsteroidal anti-infl ammatory medications with 
corticosteroid injections relegated for those patients unresponsive to more conser-
vative measures.   

    Acute Knee Injuries 

 Acute ligamentous injuries of the knee are less common than chronic overuse inju-
ries. Reported incidence of acute knee injuries varies widely depending on the defi -
nition of injury, with published rates ranging from 28 to 70 % [ 10 ,  19 ]. The most 
common types of acute knee injuries are ligamentous “sprains,” representing 
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6–58 % of all knee injuries, although there is no specifi cation as to which knee 
structure is injured in these studies [ 3 ,  5 ,  8 ,  10 ]. Historically, the medial collateral 
ligament (MCL) was the most frequently injured knee structure in tennis [ 18 ,  21 ]; 
however there is little published data on tennis injuries to the MCL. Based on the 
available data, the medial meniscus is the most frequently injured structure followed 
by the anterior cruciate ligament (ACL) and lateral meniscus [ 31 ,  32 ]. 

    Intraarticular Knee Injuries 

 A review of 129 tennis-related knee injuries as a subset of over 3000 sport-related 
intraarticular injuries over a 10-year period diagnosed via MRI or arthroscopy 
revealed 66 injuries to the medial meniscus, 33 ACL injuries, and 19 lateral menis-
cal injuries, while only two injuries to the MCL were noted [ 31 ]. The 51.2 % inci-
dence of medial meniscal injuries was nearly fi ve times the 10.8 % average incidence 
of medial meniscal injury across all sports reviewed. In contrast to the high rate of 
meniscal injuries, tennis was associated with a relatively low rate of injuries to the 
ACL. ACL injuries were the most common pathology encountered across all sports, 
diagnosed in 45 % of all subjects. This is nearly double the 26 % incidence of ACL 
injuries encountered in tennis athletes. This data confi rms an earlier review of 128 
arthroscopies performed for injuries sustained during racquet sports, including ten-
nis, which reported a 36 % incidence of meniscal injury and a 10.8 % incidence of 
ACL injury [ 32 ]. 

 As tennis is a noncontact sport dependent on repetitive pivoting and twisting 
motions throughout a given match, a predominance of injuries to the menisci and a 
relatively low rate of injuries to the ACL are consistent with regular tennis play. 
However, it is important to note that both aforementioned studies involve athletes of 
all ages and do not focus solely on young tennis players. It is generally felt that 
young tennis athletes have a relatively low rate of intraarticular ligamentous injuries 
[ 18 ,  19 ] (Fig.  10.5 ).

   Diagnosis of intraarticular knee injuries should be guided by clinical exam with 
MRI used only for confi rmatory purposes. Differentiation between meniscal and 
ACL injuries can be challenging. Injuries to the ACL are usually associated with an 
immediate large knee effusion, while the relatively avascular nature of the meniscus 
causes more subtle effusions. Patients with an ACL injury will complain of knee 
instability and will have increased anterior translation of the proximal tibia on the 
distal femur during anterior drawer and Lachman testing. In contrast, patients with 
meniscal injuries will likely complain more often of locking or mechanical knee 
symptoms with associated tenderness to palpation over the affected tibial plateau 
joint line [ 33 ]. 

 A full discussion of the treatment of intraarticular knee injuries in tennis is 
beyond the scope of this chapter. Broadly, decisions regarding treatment should take 
into account the age, competitive level, associated injuries, injury type, patient pref-
erence, and surgeon expertise.  
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    Tennis Leg 

 Tennis leg is an eponym for an acute muscular strain or tear at the myotendinous 
origin of the medial head of the gastrocnemius [ 34 ,  35 ]. This injury occurs with 
sudden transition from ankle plantar fl exion to dorsifl exion with the knee in exten-
sion, as seen on the back leg during the tennis serve [ 36 ,  37 ]. Originally described 
in adult and recreational athletes, tennis leg is felt to be relatively uncommon in 
young tennis players [ 19 ]. 

 Diagnosis is based on a compelling history of injury with tenderness over the 
course of the medial head of the gastrocnemius muscle, more commonly occurring 
in the proximal half of the muscle belly. MRI can be used as an adjunct to confi rm 
suspected diagnosis demonstrating infl ammation along the muscle belly. As with 
the chronic knee injuries described above, treatment is conservative with an initial 
period of rest and nonsteroidal anti-infl ammatory medications followed by physical 
therapy for range of motion and strengthening exercises.   

    Hip Injuries 

 The hip and pelvis play an essential role in tennis in generating the rotational torque 
necessary to allow for transmission of power from the lower extremities to the upper 
extremities and eventually through the swinging racquet. Biomechanical studies 

  Fig. 10.5    Sagittal view of pediatric knee demonstrating a tear of anterior cruciate ligament       
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have demonstrated that the trunk and pelvis rotate at 350°/s [ 18 ] with an associated 
pelvic angular displacement of 54–60° throughout the backhand and forehand 
strokes [ 38 ]. Generation of such movements is reliant on hip adduction at the front 
or leading leg and hip extension at the back leg, with subtle differences dependent 
on stroke type [ 38 ]. An understanding of the forces transmitted through the hip 
provides a starting point for studying the injury patterns to the hip in young tennis 
athletes (Fig.  10.6 ).

      Adductor Muscle Strains 

 Available data suggests that the incidence of hip injuries, including injuries to the 
“groin,” represents 3.7–8.8 % of all tennis-related injuries [ 5 ,  7 ,  10 ]. The majority 
of all documented injuries to the hip are adductor muscle strains. Empirically, this 
is felt to be due to the extreme leg abduction that can occur while reaching for a 
ball in the “split” position. The high incidence of adductor strains is further 
explained by the lead hip adduction observed during the tennis stroke as discussed 
above. 

 Diagnosis and treatment are similar as for strains of the medial head of the gas-
trocnemius. Diagnosis is clinical with pain over the medial hip at the insertion of the 
adductors. Treatment is conservative and based on limiting abduction, nonsteroidal 
anti-infl ammatory medications, and gradual return to play.  

Sartorius
Rectus Femoris

Gluteus

IIiopsoas

Hamstrings

Adductors

  Fig. 10.6    Schematic 
representation of the major 
muscular stabilizers of the 
hip joint. The adductors 
are a common site of 
injuries in young tennis 
athletes [ 39 ]       
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    Intraarticular Injuries 

 In the aforementioned epidemiologic studies, there have been no attempts to 
describe hip injuries in young tennis athletes beyond “sprains” and “strains” to the 
groin. Recently, there have been endeavors to characterize the effects of tennis play 
on both hip rotation and the dynamic stabilizing muscles of the hip joint given the 
repetitive asymmetric loading of the hip during tennis. 

 Using MRI in to characterize the major stabilizers of the hip joint, Sanchis- 
Moysi et al. found that young, elite tennis athletes had asymmetric hypertrophy of 
the nondominant (back leg) iliopsoas and symmetric hypertrophy of the gluteal 
muscles when compared to control subjects [ 40 ]. However, asymmetric differences 
in the dynamic stabilizers of the hip do not appear to affect hip rotation. Ellenbecker 
et al. described the normative hip internal and external rotation values for 147 
young, elite male and female tennis athletes and found no statistically signifi cant 
difference in internal or external rotation between the dominant and nondominant 
hips [ 41 ]. While there may not be differences in dominant and nondominant hip 
rotation in asymptomatic patients, Vad et al. found a statistically signifi cant 
decrease in dominant hip internal rotation in tennis athletes with self-reported low 
back pain [ 42 ]. 

 While differences in muscle development can exist between the dominant and 
nondominant hips, these differences do not necessarily impact hip range of motion. 
This is especially relevant given the recent interest in femoroacetabular impinge-
ment as a source of hip and low back pain in young athletes. Femoroacetabular 
impingement, described as abnormal contact between the femoral head/neck junc-
tion and the anterior lip of the acetabulum, is associated with pain and decreased 
range of motion on hip internal rotation [ 43 – 45 ]. Therefore, it should not be pre-
sumed to be “normal” if a young athlete presents with differences in dominant and 
nondominant hip rotational range of motion as this may be an indicator of hip 
pathology requiring further attention [ 41 ]. 

 Thus careful attention to history and physical exam must be taken in examining 
the young tennis athlete complaining of hip pain. Hip pain associated with decreased 
hip internal rotation, pain with internal and external hip rotation, or a history of a 
“snapping” or “clunking” hip should raise suspicion of intraarticular hip pathology 
and warrant consideration of advanced imaging with MRI.   

    Effect of Playing Surface on Hip and Knee Injuries 

 Tennis is unique in that athletes commonly play on vastly different surfaces with 
frictional properties that place varying levels of stress on the hip and knee. Research 
has shown that there is a decreased rate of lower extremity injury on surfaces that 
allow for sliding (clay) compared to hard court surfaces (asphalt) [ 46 ,  47 ], although 
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the overall rate of early match retirement due to injury in professional tennis was 
found to be equal between hard court and clay court surfaces [ 48 ]. Biomechanical 
studies have demonstrated surface-based differences in knee fl exion during approach 
to the ball. Hard court surfaces with a higher coeffi cient of friction were associated 
with greater knee fl exion than clay surfaces where the athlete is able to slide [ 49 ]. 
Thus play on hard court surfaces places greater eccentric stress on the extensor 
mechanism during knee fl exion. This could be one reason for the observed high 
rates of chronic patellofemoral pain and injuries to the extensor mechanism in ten-
nis athletes. 

 There have been no known analogous studies to the effects of playing surface on 
the biomechanics of the hip. However, it would be expected that surfaces with 
decreased friction would lead to an increased risk for adductor strains while sliding 
with the legs in abduction.  

    Risk Factors for Lower Extremity Injuries 

 In order to adequately address injury prevention in tennis athletes, it is essential to 
identify risk factors for injury. In a 2-year prospective study of 55 young tennis 
athletes, Hjelm et al. determined that the only statistically signifi cant risk factor for 
injury in tennis was existence of a previous injury [ 50 ]. Playing greater than 6 h of 
tennis a week was associated with increased back pain but did not lead to increased 
rates of injuries to the lower extremities. These fi ndings confi rm previous investiga-
tions that showed no difference in injury rate based on sex or level of play [ 7 ,  9 ]. 
The association between sustaining a previous injury and developing a new injury 
has led some to suggest that injury risk increases with inadequate rehabilitation and 
treatment of old injuries [ 50 ]. By allowing young athletes to return to sport prior to 
full rehabilitation, they may be at increased risk to reinjury or may make adjust-
ments to compensate for the previous injury that leads to new injury from altered 
biomechanics.  

    Conclusion 

 In conclusion, the young tennis athlete is subject to a unique profi le of lower extrem-
ity injuries. In the knee, chronic overuse injuries to the patellofemoral compartment 
and extensor mechanism predominate. The most frequent acute knee injuries are 
sprains to ligamentous structures, with injuries to the medial meniscus and ACL 
being most prevalent. In the hip and groin, the most common injuries are adductor 
strains. Less is known regarding intraarticular injuries to the hip and its surrounding 
stabilizing structures, although recent research into hip rotation has begun to shed 
light on intraarticular hip pathology. The biomechanics of hip morphology and 
range of motion and their relationship to injury in tennis is a growing fi eld that 
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requires further study. There have been recent attempts to identify risk factors for 
injuries that have demonstrated a link between having sustained an old injury and 
developing a new injury, although more work is required on this matter. Currently, 
researchers have a relative grasp of the incidence and types of injuries to the hip and 
knee that occur in tennis. Future research should be directed toward further elucida-
tion of the risk factors for developing such injuries in order to help tennis athletes 
avoid future injury.     
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