
ABSTRACT
Background and Purpose: Early sport specialization (ESS) refers to intense training year round in a spe-
cific sport starting at a young age with no or limited participation in other sports. This approach to training 
is highly controversial; recent literature suggests that this type of specialized training could be a contribut-
ing source to overuse injuries in youth athletes. The purpose of this case report was to describe a patello-
femoral articular cartilage defect of the knee in a preadolescent skier due to overuse and repetitive 
microtrauma as a result of ESS. 

Study Design: Case Report

Case Description: A healthy 11-year-old male competitive alpine skier presented with recurrent swelling 
of his right knee and persistent anterior knee pain while skiing without evidence of any specific history of 
injury or traumatic event. The patient failed a conservative treatment regimen including rest and formal 
physical therapy focused on generalized knee strengthening. Magnetic resonance imaging was ordered and 
revealed an articular cartilage defect of the medial patellar facet. The patient was treated with an arthroscopic 
debridement of his articular cartilage defect. 

Outcome: At 12 weeks postoperatively, the patient presented with a normalized gait pattern, no evidence of 
knee effusion, full knee range of motion and patellar mobility symmetric to his contralateral limb, and no 
patellar crepitation or painful palpation on physical exam. The patient was released to begin return to sport 
progression at 12 weeks, and was cleared for full activities/returned to competitive skiing at 15 weeks post-
operatively. At 16 weeks postoperatively, he won an international alpine ski race in Europe for his age group.

Discussion: Cartilage injuries and osteochondral defects are very common in adolescent athletes and 
often go undiagnosed. Allied healthcare professionals must be educated on the known causes of recurrent 
knee effusions and how early sport specialization may result in overuse injuries to knee joint cartilage. 

Level of Evidence: 4
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INTRODUCTION
It is estimated that 27 million U.S. youths partici-
pate in team sports, and approximately 60 million 
participate in some type of organized athletics.1 
Most adolescents have taken to specializing in one 
sport as opposed to participation in multiple sport 
disciplines. Early sport specialization (ESS) refers 
to intense training year-round in a specific sport 
starting at a young age. This approach to training 
is highly controversial; recent literature suggests 
that this type of specialized training may increase 
the rate of acute injuries, overuse injuries, and 
ultimately lead to decreased sports participation.2-4 
Sports which require high velocity movement and 
change of direction demands, for example alpine ski-
ing, can lead to lower extremity overuse injuries.5,6 

Anterior knee pain (AKP) is a common complaint in 
youth athletes.7 This complaint is usually diagnosed 
as patellofemoral pain and treatment commonly con-
sists of nonoperative physical therapy, with a rehabil-
itation emphasis placed on strengthening quadriceps 
and generalized hip musculature. However, many 
conditions can cause AKP and swelling, especially 
after physical activity. AKP commonly results from 
irritation of the medial suprapatellar plica.8 Many 
youth athletes in repetitive jump/landing sports will 
develop patellar tendinopathy, Osgood-Schlatter dis-
ease, or Sinding-Larsen-Johansson disease—which 
often can mimic or even coincide with cartilage inju-
ries. Osteochondritis dissecans (OCD) of the knee 
can also cause idiopathic AKP and swelling with 
activity.9 Osteochondritis dissecans of the knee is 
an injury to the subchondral bone and articular car-
tilage that usually develops in young athletes from 
overuse or acute trauma.9,10 Patients with an OCD 
lesion may present with no prior history of injury 
and often times a benign physical exam. While rest 
is indicated, most of the time OCD lesions continue 
to cause recurrent knee swelling (due to the intraar-
ticular nature of this lesion, and altered mechanics 
resulting in intra articular effusion) which may dif-
fer from other extraarticular knee pathology (i.e. 
patellar tendinopathy, Osgood-Schlatter’s disease). 
Unfortunately, OCD lesions are often unrecognized 
on diagnostic imaging, such as plain radiographs 
and magnetic resonance imaging. This presents 
a major challenge for clinicians when diagnosing 
and treating potential cartilage injuries of the knee. 

With recurrent knee effusions and AKP that does 
not respond to rest or conservative treatment, clini-
cian’s must rule out cartilage injuries as the source 
of pathology. The purpose of this case report was to 
describe a patellofemoral articular cartilage defect of 
the knee in a preadolescent skier due to overuse and 
repetitive microtrauma as a result of ESS. 

SUBJECT PRESENTATION AND 
EXAMINATION
Verbal informed consent from both the subject and 
parents were obtained prior to publication. A healthy 
11-year-old male (height: 160.0 cm; weight: 40.8 kg) 
competitive alpine skier presented with recurrent 
swelling of his right knee and persistent AKP while 
skiing without evidence of any specific history of 
injury or traumatic event. Of note, the athlete was a 
competitive skier who competed six days per week 
during the season and trained year-round, specializ-
ing in downhill ski racing. The athlete first disclosed 
his pain presentation to his parents and coaching 
staff after skiing practice. The parents subsequently 
referred the athlete to physical therapy and was pre-
scribed a 2-week rest period with no skiing. After 
four weeks of generalized knee strengthening, the 
athlete (and his parents) presented for further ortho-
paedic evaluation due to recurrent knee effusions 
despite conservative rehabilitation. The patient pre-
sented with a history of recurrent knee effusions 
over a period of six weeks. While interviewing the 
patient, he denied any specific injury or fall that 
he could attribute to his knee pain and swelling. 
The patient presented with a slight limp causing an 
asymmetrical gait pattern that was non-painful. On 
physical exam, the patient had full knee range of 
motion with 2+ moderate effusion and tenderness 
to palpation over the medial aspect of the patella. 
His patellar mobility was equal bilaterally with no 
crepitation noted and his knee was stable during all 
ligamentous testing of the tibiofemoral joint. 

INTERVENTIONS
Radiographs were obtained and revealed an ana-
tomic variant, a bipartite patella, but no other acute 
bone abnormalities (Figure 1). Magnetic resonance 
imaging (MRI) was ordered and revealed an articu-
lar cartilage defect of the medial patellar facet (Fig-
ure 2A). The patient then underwent a diagnostic 
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did not continue to delaminate and cause recur-
rent effusions and pain with activity (Figure 2C). 
A chondroplasty was performed because the size, 
depth, and location of the lesion were not suitable 
for a cartilage resurfacing procedure (i.e. Osteoar-
ticular Autograft Transplantation) or cellular based 
repair (i.e. Autologous Chondrocyte Implantation). 
No other intraarticular pathology was noted during 
the arthroscopic evaluation. The patient started for-
mal physical therapy 24 hours after the procedure. 

Postoperatively, the patient was allowed to weight 
bear as tolerated with the use of crutches for two 
weeks. Physical therapy initially focused on edema 
control, range of motion, and quadriceps activa-
tion exercises with a generalized progression from 
muscular endurance to strength and hypertrophy. 
A major emphasis was placed on rest from skiing 
and sports activities and allowing the patient’s knee 
pain and swelling to subside before increasing activ-
ity. The focus of this case report is on diagnosis and 
relationship of ESS to AKP, not intervention, there-
fore, interventions are presented generally. At 12 
weeks postoperatively, the patient presented with a 
normalized gait, no knee effusion, full knee range of 
motion, patellar mobility symmetric to his contralat-
eral limb, and no patellar crepitation or painful pal-
pation on physical exam. The patient was released 
to begin return to sport progression at 12 weeks, 
and was cleared for full activities with a return to 
competitive skiing at 15 weeks postoperatively. At 
16 weeks postoperatively, he won an international 
alpine ski race in Europe for his age group. 

DISCUSSION 
Early sports specialization is common in the United 
States due to the theoretical consensus that early 
specialization in one sport is the recipe for creat-
ing superior athletes.11-13 However, not only has this 
theory been contradicted in terms of athlete and 
individual success,12,14 but there is growing evidence 
that this focus on one sport with excessive repetition 
of set movements and stressors can lead to unique 
pathology through overuse, even in the absence of 
acute trauma (Table 1).10,15-17 

Jayanthi et al17 performed a case controlled study 
on 1,190 athletes 7 to 18 years of age who were sepa-
rated into two groups: injury and no injury. They 

injection of a local, short-acting anesthetic to con-
firm or deny the source of intraarticular pathology 
as indicated on MRI. The patient had a positive diag-
nostic response, as the majority of his pain dimin-
ished soon after the injection. 

The patient underwent diagnostic arthroscopy the 
next day, which showed a 10 mm wide Outerbridge 
grade IV focal cartilage defect with delamination 
on the medial facet of his patella (Figure 2B). The 
chondral defect was treated with an arthroscopic 
chondroplasty to ensure that the cartilage defect 

Figure 1. Initial radiographs of patients injured right knee. 
Three view lateral (A), anteroposterior (B), and sunrise (C) 
radiographs with no acute bony abnormalities or OCD lesions 
present. It is noted that the patient did have the presence of an 
anatomic variant, a bipartite patella, noted on both the 
anteroposterior and sunrise views.

Figure 2. Patellar chondral defect in an 11-year-old skier 
with no history of trauma or acute injury. A) Axial view of T1 
weighted MRI, showing articular cartilage defect of medial 
patellar facet. B) Intraoperative view showcasing 10 mm wide 
Outerbridge grade IV focal chondral defect with delamination 
on the medial patellar facet. C) Chondral defect trimmed to 
stable border.
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into tight articulation. As the skier maneuvers over 
bumps and around course gates, repetitive micro-
trauma in the patellofemoral joint can lead to chon-
dral injuries, especially in young athletes.25 This case 
report is an example of this potential relationship 
between patellofemoral chondral damage and ESS in 
alpine skiing. However, the assumption of this cause 
and effect relationship cannot be validated. 

Youth injuries due to overuse in all sports range from 
46% to 54%, with recent data suggesting that these 
numbers are increasing.4,10,13,21,26 Concerns for the rise 
in overuse injuries in young athletes are the increas-
ingly popular trend of early single-sport specializa-
tion.11,12 However, some believe that overuse injuries 
are often under-reported in the current literature 
because most of the injury definitions have focused 
on time loss from sport.10,18,20 The American Ortho-
paedic Society for Sports Medicine (AOSSM) consen-
sus statement14 defined early sports specialization 
according to 3 criteria: 1) participation in intensive 
training and/or competition in organized sports 
greater than eight months per year; 2) participation 
in one sport to the exclusion of participation in other 
sports; and 3) involving prepubertal children (grade 
7 or roughly age 12 years old). In this case report, the 
athlete satisfies the criteria of ESS because of his sin-
gle sport specialization, prepubertal age, and inten-
sive ski competition > eight months per year. This 
is possible due to his unique ski academy in which 
he participates in on-snow training and competi-
tion in the United States (late October to April) and 
internationally (June to August). A recent position 
statement from the American Medical Society for 

found that those with injuries had a significantly 
greater number of hours training for their chosen 
sport, and furthermore they found sports special-
ization was an independent risk factor for injury. 
This theory of increased training hours and subse-
quent increased exposure has been correlated with 
increased injury risk in a young preadolescent cohort 
(9-12 years of age) of Japanese basketball players.18 
Kuzuhara et al.18 attributed this increase injury inci-
dence to the Japanese culture, in which most young 
athletes participate in one sport all year round. Fur-
thermore, authors speculated that the higher injury 
rate in practice might be the direct result of sport 
specialization at a young age.18 Similarly, Hall et al.7 
evaluated 546 middle and high school female multi-
sport athletes with AKP and compared them to a 
group of female athletes who specialized in a single 
sport. The authors found that there was a significant 
increase in patellofemoral pain in athletes who spe-
cialized in a specific sport earlier compared to those 
who specialized later.19

Specific sports have been correlated with specific 
overuse injury patterns.18,20-23 Due to the biomechan-
ics involved with throwing a baseball, and the ten-
dency for ESS in the baseball culture, there have 
been studies that discuss the correlation between 
ESS in baseball with elbow and shoulder injuries.16,24 
To date, there have not been any cases reported on 
the correlation between alpine skiing and patello-
femoral chondral injuries. The relationship of skiing 
and injury to the patellofemoral joint is explained by 
the repetitive forces on the knee during sustained 
knee flexion, which brings the patella and trochlea 

Table 1. Categorization of risk factors for overuse injury. Adapted 
from DiFiori et al.6 Reprinted with permission.
Growth-related factors 

Susceptibility of growth cartilage to repetitive stress 
   Adolescent growth spurt 
Other intrinsic factors 

Previous injury 
   Previous level of conditioning
   Anatomic factors 
   Menstrual dysfunction
   Psychological and developmental factors (athlete-specific) 
Extrinsic factors 

Training workload (rate, intensity) 
Training progression

   Training and competition schedules 
   Equipment/footwear 
   Sport technique
   Psychological factors (adult and peer influences) 
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with persistent AKP and recurrent effusions. This 
case report may provide insight to the detrimen-
tal consequences of overuse and skeletal immatu-
rity associated with ESS in young skiers. However, 
future studies are needed to further identify injury 
risk factors and long-term outcomes within a larger 
group of similar patients. 
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