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• Results from animal studies show 
that prolonged intense physical 
loading may inhibit or stop bone 
growth.
• LeVeau BF, Bernhardt DB. Developmental 

biomechanics. Effects of forces on the 
growth, development and maintenance of 
the human body. Phys Ther 1984



Background



Case report: A 15 year-old male cross-country runner who had been running 50 miles 
per week and developed chronic knee pain. A stress fracture of the proximal tibial 
epiphysis of the Salter-Harris type , similar to that seen in the proximal humerus of 
baseball pitchers.
Cahill BR. Stress fracture of the proximal tibial epiphysis: a case report. Am J Sport Med 
1977.
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• Possible dissertation 
topic?
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• Roy et al. Stress changes of the 
distal radial epiphysis in young 
gymnasts. Am J Sports Med 
1985
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• Laor et al. Physeal widening in 
the knee due to stress injury in 
child athletes. Am J Roentgenol
2006.
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• Bedoya et al. Overuse injuries in  
children. Top Magn Reson Imag 2015

Left hand of 15-year-old male climber who 
undertook intensive finger strength exercises 
and ignored medical advice, permanently 
damaging epiphyseal plate of proximal 
interphalangeal joint in middle finger. Morrison 
A B , Schöffl V R Br J Sports Med 2007
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Topics covered: aquatic adventure sport, all-terrain 
vehicles, motocross, mountain biking, rock climbing, 
rodeo, skateboarding, skiing, snowboarding, wilderness 
and extreme environments, and  injury prevention.
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• DiFiori J. Overuse injury of the 
physis: a “growing” problem. 
Clin J Sport Med 2010
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Purpose of this 
presentation…
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3.1 Case Reports/Case Series
No. of reports No. of patients 

with PPSIs

Shoulder (1953-2019) 33 197

Elbow (1975-2019) 8 47

Wrist (1981-2019) 28 98

Hand/fingers (1997-2019) 11 80

Knee (1977-2019) 13 26

Ankle/foot (1980-2019) 8 25

101 473



• Dotter, 1953

• Heyworth et al., 2016





• Anton et al. Little league shoulder: a 
growth plate injury. Pediatr Radiol, 2010.



Shoulder PPSIs

• Heyworth et al. Trends in the 
Presentation, Management, 
and Outcomes of Little 
League Shoulder. Am J Sports 
Med 2016.



•Santelli et al., 2019





• Santelli et al. Proximal 
radial head fractures in 
young gymnasts. Clin J Sport 
Med 2019  



•The distal radius is a 
common site for injury 
in gymnasts because of 
the significant amount 
of compressive and 
rotational forces on the 
forearm during upper 
extremity weight-
bearing.





• 12-year-old female gymnast 
with chronic physeal injury 
with fraying, widening and 
irregularity of the phyis
• Note low-signal intrusions 

into metaphysis typical of 
focal failure of ossification 
of physeal cartilage (arrow)
• Dwek J. MR imaging of overuse 

injuries in the skeletally 
immature gymnast: spectrum of 
soft-tissue and osseous lesions 
in the hand and wrist. Pediatr
Radiol. 2009



• Quane et al. Effect of simulated rock climbing 
finger postures on force sharing among the 
fingers. Clin Biomech 2003.  





• Chell et al. Bilateral Fractures of the Middle 
Phalanx of the Middle Finger in an 
Adolescent Climber. Am J Sports Med 1999
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• Nanni et al. Stress-induced 
Salter-Harris I growth plate injury 
of the proximal tibia. Skeletal 
Radio 2005





• Bernholdt et al. Stress fracture of the distal tibial 
physis in an adolescent recreational dancer. Am J 
Sports Med. 2013; 41: 1649-1652.



• Csonka et al. Operative management 
of bilateral Salter-Harris type III 
fractures of the proximal phalanges 
of the great toes of a 10-year-ol 
female ballet dancer: a case report.  J 
Pediatr Orthop B. 2016.
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Sport No. Subjects 
with PPSSs

Total no. of 
subjects

Overall 
Prevalence

Baseball
(3 studies of shoulder)

287 2163 13.2%

Diving
(1 study of wrist)

20 38 52.6%

Gymnastics
(9 studies of wrist)

212 687 30.9%

Climbing
(4 studies of fingers)

30 96 31.2%



3.2 Cross-sectional studies  



Study Sport No. 
patients

Diagnosis

Chang et al., 
1995

Gymnastics 3 Early partial closure of the distal radial physis

Shih et al., 
1995

Chinese 
Opera

2 Early partial closure of the distal radial physis

Schlegal et 
al.,2002

Rock 
climbing

1 Premature closure of the proximal phalanx of the 
thumb

Garcia et 
al.,2018

Rock 
climbing

1 Early physeal bone bridging of the proximal IP joint of 
middle finger

Bartschi et al. 
2019

Rock 
climbing

8 Joint incongruity with permanent impairment of the 
PIP joint of the middle finger (8 climbers)



3.3 Cohort studies



Study Sport # 
Subjects

Age Outcome

Holt et al., 
2020

Baseball
(1 season)

23M 10-12 1/23 cases of LLS

Lishen & 
Jianhua, 1983

Gymnastics
(9 years)

18F, 10M 10-19 14/28 cases of distal radius PPSI

Caine et al., 
1989

Gymnastics
(1 year)

50F 10-17 4/50 cases of distal radius PPSI

Dixon & 
Fricker, 1993

Gymnastics
(9 years)

74F 9-19 3/74 cases of distal radius PPSI

Schoffl et al., 
2007

Climbing
(5 years)

6M, 4F 16-21 8/10 cases of PPSIs involving 
the fingers
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3.3 Cohort Studies

• Caine et al. Epidemiology 
of injuries affecting young 
competitive female 
gymnasts. Am J Sports 
Med. 1989.



Clinical 

Characteristics

Radiographic Characteristics

Stage I Wrist pain associated 
with upper extremity 
weight-bearing

No abnormalities seen

Stage 

II

Decreased range of 
motion at the wrist

Stress-related changes of the distal 
radial growth plate

Stage 

III

Wrist function is 
limited

A relatively lengthened ulna; wrist 
joint presents with arthritic changes

Source: Lishen Q, Jianhua O. Epiphyseal injury in 
gymnasts. Chinese J Sports Med 1983;2:7-12.

Source: Mandelbaum 
et al. Am J Sports Med
1989
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management



3.4.2 Growth 
Disturbance and 
Deformity 

• Laor et al. Physeal widening in the 
knee due to stress injury in child 
athletes. Am J Roentgenol 2006

Dempewolf et al. Youth kicker’s knee: lateral 
distal femoral hemiphyseal arrest secondary 
to chronic repetitive microtrauma. JAAOS 
Glob Res Rev 2019;3:e079



3.1.2 Growth disturbance and deformity
No. patients with 
growth disturbance

Sports and activities  
represented

Shoulder 3 Baseball (2), gymnastics (1)

Elbow 8 Baseball ( 4), gymnastics (4)

Wrist 21 Gymnastics (21)

Hand/fingers 11 Rock climbing (10), piano (1)

Knee 8 Basketball (3), rugby (1), soccer 
(3), tennis (1)

Ankle/foot 2 Ballet (1), flamenco dance (1)

53



• Ejnisman B, Andreoli V, 
Pochini ADC, et al.. Proximal 
humeral epiphysiolysis in a 
gymnast a Ortop Bras. 2007; 
15(5):290-291.







•

Caine et al. A three-year 
epidemiological study of 
injuries affecting young 
female gymnasts. Phys 
Therap Sport 2003.



A 15-year-old climber with chronic pain in 
the proximal interphalangeal joint of his 
middle finger.    
4A, x-ray and 4B, magnetic resonance 
image of an old and maligned proximal 
interphalangeal growth plate fracture of 
the middle finger. 
4C, A picture of the hand showing 
swelling and deformity of proximal 
interphalangeal joint of the middle finger.
Images provided by Dr. Volker Schöffl, Germany



• Laor et al. Am. J. Roentgenol. 
Physeal widening in the knee due 
to stress injury in child athletes. Am 
J Roentgenol 2006



Copyright © 2007 by the American Roentgen Ray Society

Laor, T. et al. Am. J. Roentgenol. Physeal widening in the knee due to 

stress injury in child athletes. Am J Roentgenol 2006;186:1260-1264

Two years later, during which time the girl continued to play tennis 

intensely. There is relative varus alignment of both knees



Copyright © 2007 by the American Roentgen Ray Society

Frontal radiographs of same girl taken at 11.5 years and at 17.5 

years showing development of relative varus alignment of her 

lower extremities

Taken one month before

x-rays showing physeal

stress changes.

Taken 6 years after initial x-rays. She 

was non-compliant and continued 

vigorous tennis training



Feet 

• Shah S. Premature growth plate 
closure in a ballet dancer en
Pointe. Clin J Sport Med 2017.

•

A and B, Anterior-posterior and oblique view 
radiographs showing closure of second metatarsal 
head growth plate and shortened metatarsal.



• Shah S. Premature growth 
plate closure in a ballet 
dancer en Pointe. Clin J 
Sport Med 2017



3.4.3 
Surgery



Injury location No. Patients No. Surgeries

Shoulder 197 1 (>1%)

Elbow 47 11 (23.4%)

Wrist 98 9 (9.2%)

Hand/
fingers

80 2 (2.5%)

Knee 26 7 (26.9%)

Ankle/
foot

25 1 (4%)

Total 473 31 (6.6%)



3.4.3 Surgery

• Nanni et al. Stress-induced Salter-
Harris I growth plate injury of the 
proximal tibia: first report. Skeletal 
Radiol 2005. 
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Health Outcome 



Fig. 1—15-year-7-month-old boy who is football place kicker.
A, Frontal radiograph of right knee shows broad band of physeal widening of lateral 
aspect of distal femoral physis (arrow).
B, MRI shows broad area of lateral physeal widening of distal femur
C, Frontal radiograph obtained 3 months after immobilization of knee shows near 
complete resolution of physeal widening.



3.4.4 Long-term Health Outcome

• Heyworth et al. Trends in the Presentation, 
Management, and Outcomes of Little 
League Shoulder. Am J Sports Med 2016.

LLS of the right shoulder. Physeal widening 
of the (A) right proximal humerus as 
compared with the (B) left proximal 
humerus is clearly visible (arrows).



• Maffulli et al. Long-term health outcomes of 
youth sports injuries. Brit J Sports Med. 2010

3.3.4 Long-term Health 
Outcome



2

Prevalence of radiographic knee osteoarthritis in population 

compared to those with a history of knee injury. 

The Young Patient with the Old Knee!

Roos E. Joint injury causes knee osteoarthritis in young adults.

Current Opinion in Rheumatology 2005; 17(2):195-200.



Clinical 

Characteristics

Radiographic Characteristics

Stage I Wrist pain associated 
with upper extremity 
weight-bearing

No abnormalities seen

Stage 

II

Decreased range of 
motion at the wrist

Stress-related changes of the distal 
radial growth plate

Stage 

III

Wrist function is 
limited

A relatively lengthened ulna; wrist 
joint presents with arthritic changes

Source: Lishen Q, Jianhua O. Epiphyseal injury in 
gymnasts. Chinese J Sports Med 1983;2:7-12.

Source: Mandelbaum 
et al. Am J Sports Med
1989



3.4.3 Long-term 
Health Outcome

• Schoffl et al. Long-term radiographic 
adaptations to the stress of high-
level and recreational rock climbing 
in former adolescent athletes: An 11-
year prospective study.  Orthop J 
Sports Med 2018.



3.4.3 Long-term 
Health Outcome

• Caine D, Golightly YM. 
Osteoarthritis as an outcome of 
pediatric sport: an epidemiological 
perspective. Brit J Sports Med 2011.
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4. Conclusions

•Most PPSIs respond well to rest 
and timely treatment; however, 
in extreme cases some PPSIs 
may progress to skeletal growth 
disruption and deformity
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Questions?


