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I . INTRODUCTION 

Nowadays, elite sports for children and youth becomes more and more 
a public phenomenon. The extreme training demands and controlling young 
athletes by coaches, often with approval of the parents, together w ith changes 
in expectations of performance at top leveis, has resulted in public and 
medical concerns. (Bar-Or, 1996; Ryan, 1995) This is especially true in sports 
as gymnastics, in which a prepubertal physique is a prerequisite for top levei 
gymnastic achievements. (Claessens, 1999) Further, t he demands of artistic 
gymnastics for females have also changed, eg requirements for more difficult 
routines, year-round training, enhanced mental stress, and 50 on (Gould, 200 I ; 
Jemni et 01.,200 I; Normile, 1996; Ryan, 1995). 

The significant growth and popularity of women's gymnastics became 
more and more evident after the 1972 and 1976 Olympics, where stars as 
Olga Korbut and Nadia Comaneci introduced the world, via the media, to this 
artistic sport (Ryan, 1995). Accompanying this popularity has been the 
increasingly dominant performance of younger, smaller-sized gymnasts (Caine 
et 01., 1996; Claessens, 1999). Average ages, and heights and weights of female 
gymnasts participating at Olympic and World competitions have declined over 
the past 20 to 30 years (Claessens, 1999). Over a period of about 25 years, 
the average chronological age of elite female gymnasts declined by 6 years. 
Secular declines in mean heights and weights parallel the decrease in 
chronological age. Over the same period, mean height have declined by 4 to 5 
cm. The secular decline in height is accompanied by a dramatic reduction in 

290 mean weight of about 8 to 9 kg (Claessens, 1999; Claessens et 01., 199 I). 
Comparable declines in age, height and weight were also observed in artistic 
female gymnasts from the United States competing at the 1992 Olympics 
which were 6% younger, 10% shorter, and 22% lighter compared to their 
1976 counterparts (Ryan, 1995). The majority of elite gymnasts also tend to 
be later-maturing individuais (Claessens, 1999; Malina, 1999, 200 I). ln general, 
present-day elite gymnastics has evolved to favor the body of a child in 

• Based on a presentation at the Symposium Scienee in Artistie Gymnosties, held in 
Ghent, Belgium, Oetober 27, 200 I. (Claessens, 200 I) 



contrast to that of a maturing adolescent or young adult (Claessens, 1999). 
These observations can be in large part be atlributed to 'selection' based on 
the direct biomechanical advantages of a prepubertal physique that include 
increased strength/weight ratio, greater stability, and decreased moments of 
inertia. A lso, in sports in which performance is subjectively scored, as in 
gymnastics, physical characteristics in addition to skill, may have added 
significantly for success (Claessens, 1999; Ryan, 1995). 

Not surprisingly, whereas the average age and size of competitive 
gymnasts have decreased, the difficulty of maneuvres practiced and performed 
has increased. Frequency, duration, and intensity of train ing also have 
increased. Elite-levei gymnasts, for example, are reported to train around 40 
h/week, 5-6 days/week, t he whole year around. On avarage, these gymnasts 
may exercise 700 to 1300 elements per day, which correspond to 220 000 to 
400 000 elements per year (Caine et 01., 1997). These extremely high train ing 
demands and changes in expectations of the sport at elite leveis (Normi le, 
1996) has resulted in both public and medical concerns, especial ly from an 
auxological point of view (Claessens, 1999; Mal ina, 200 I). It may be postulated 
that these very young and immature growing athletes are repeatly subject to 
numerous microtrauma in general, and more specifically, to chronic, long-term 
accumulative 'overuse' injuries, caused by strenuous, repetitive loads. 
Epidemiologic research of injury patlerns in male and female gymnasts has 
been studied extensively by several authors, and reviewed by Caine and co
workers ( 1996). 

Unlike most other sports, gymnastics requires use of the upper 
extremities as weight-beari ng limbs, causing high-impact loads to be distributed 
through the elbows and wrists (Koh et 01., 1992; Markolf et 01., 1990). It is not 
unexpected that injury occurs in these regions (Caine et 01., 1996). Among 
others, wrist pain is often viewed in gymnasts as a result of epiphysial trauma 
and related changes caused by repetitive gymnastic loading mainly of the distal 
end of the radius as its interface with the carpais, as claimed by some authors 
(reviewed by Caine et 01., 1997). Further on, some authors claim that 
repetitive injury to the radial epiphysis may inhibit normal growth of the radius 
resulting in a 'positive ulnor vorionce' (Caine et 01., 1996, 1997). 

The aim of this study is to review the avai lable research concerning the 
ulnar variance phenomenon as it is connected to the female gymnast. 

2. ULNAR-VARIANCE 

Ulnar variance refers to the relative positioning of the distal end of the 
ulna relative to the distal end of the radius. If the distal end of the ulna is more 
distally located as compared to t he distal end of the radius, then the term 
positive ulnor vorionce (or ulnar overgrowth) is used. When the opposite is 
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seen, i.e. the distal end of the ulna is more proximal located as compared to 
the distal end of the radius, the phenomenon is called negative ulnor vorionce 
(Hafner et 01., 1989). Ulnar variance is mostly determined on postero-anterior 
radiographs of the hand and wrist. whereby several measuring methods are at 
hand. Different techniques has to be used for mature and immature wrists 
(Hafner et 01., 1989; Kristensen et 01., 1986; Palmer et 01., 1982: Steyers and 
Blair, 1989). 

3. FINDINGS FROM CASE REPORTS AND CROSS-SECTIONAL STUDIES 

ln general, it has been proposed by several authors that the repetive 
stress experienced by the skeletally immature wrist during gymnastics training 
(especial ly in the young female elite gymnast) may lead to the development of 
wrist pain, partial arrest of the distal radial growth plate, and the subsequent 
development of positive ulnar variance. This proposal suggests thus a dose
response relationship, i.e. the closure of the radial growth plate, caused by the 
gymnastic training load, results in a positive ulnar variance. This line of 
reasoning is largely based on 'patients' or 'case'-reports, i.e. those individuais 
who present themselves to a clinic with wrist pain, and on cross-sectional 
srudies in which a relatively small number of both non-elite and elite gymnasts 
were studied (Albanese et 01., 1989; Aldridge, 1987; Carter and Aldridge, 
1988; Chang et 01., 1995; DiFiori et 01.,1997; Mandelbaum et 01., 1989). 
Although, on average, a positive ulnar variance in most studies could be 
observed, results were contradictory and controversiai conclusions were 
made. Also, because of the small sam pie sizes and the selective recruitment. 
the subjects under study were not necessary representative of the elite 
gymnastic population. To our knowledge, up till now, only one study is carried 
out in which a representative sample of outstanding female gymnasts was 
undertaken (Claessens et 01., 1996; De Smet et 01., 1994). Ulnar variance was 
obtained in 20 I female gymnasts, al i participants at the 24th World 
Championships Artistic Gymnastics, held at Rotterdam, The Netherlands, 
October 1987 (Claessens et 01., 199 1). The gymnasts under study cam e from 
27 (from in total 3 I) countries. Based on the final results for total team scores, 
the four teams that declined ranked 2nd

, 13th
, 15th

, and 19th
. It can thus be said 

that the gymnasts under study were a representative sample of the elite 
female gymnastic population as demonstrated by the number of subjects 
studied (n=20 I), high levei of training (on average 27 hours per week, varying 
from 13 to 48 hours per week), competition levei (world championships), and 
representativess of nationalities. A negative mean value for ulnar variance 
(Mean= - 1.4±2.6 mm) was obtained, demonstrating thus a negative ulnar 
variance in this high elite female gymnasts. Further on, it was demonstrated 
that no relationship between ulnar variance on the one hand, and training and 
competition levei on the other hand could be observed. Based on these 



results, authors could not support the dose-response relationship. These 
results were in accordance with the data of DiFiori et 01. (1997) in non elite 
female gymnasts. 

4. RESUL TS FROM LONGITUDINAL STUDIES 

It is demonstrated that results from different studies give controversial 
conclusions. This is not directly surprising, because the design of these 
investigations, i.e. cross-sectionnally, does not al low to draw a real cause and 
effect relationship. Thus, well-controlled longitudinal studies, in which elite 
gymnasts were followed for several years, were needed, in which the dose
response relationship between gymnastic training and the ulnar variance 
phenomenon can be studied in a more effective way. 

ln a longitudinal study, 36 female gymnasts were annually followed for 
four or five occasions, with a total of 158 observations (Claessens et 01., 1997). 
At the first observation, the age of the girls varied between 6 and 14 year. 
According to their training levei (based on t he total hours of gymnastic training 
per week) the total group could be divided in three subgroups: (I) a 'top
levei' group (n= 13, with 15 hours training / week); (2) a 'subtop' group (n= 13, 
with about 5 to 7 hours training / week), and (3) a 'recreational' group (n= 10, 
with about I to 2 hours training / week). Besides stature and weight, ulnar 
variance was determined according to the method of Hafner et 01. ( 1989) for 
immature wrists. Results for ulnar variance demonstrated that for ali age 
categories a negative value was observed, which means that the distal end of 
the radius exceeds the distal end of the ulna. With increasing age, this negative 
ulnar variance became more pronounced, the mean varying from -3.4 mm to 
-6.5 mm. These results were rather uncommon and this from two viewpoints. 
Firstly, compared to reference girls (Hafner et 01., 1989), where a relatively 
stable negative ulnar variance pattern can be observed t hroughout the growth 
period, varying between - 2.5 mm at the age of 6 year and -2.8 mm at the age 
of 15 year; whereas in the gymnasts' sample, an increase in negative ulnar 
variance could be obeserved throughout the period studied. Secondly, based 
on the available literature, a rather 'positive ulnar variance' was expected. 
However, this was not the case in this longitudinal study, indicating that, in the 293 

sample studied, gymnastic training seems not to have a negative impact on the 
ulnar variance phenomenon. This observation was analyzed more in detail in 
that way, that two extreme groups with different training loads, were also 
compared. Results from these analyses revealed that no statistical differences 
in ulnar variance between the 'top-Ievel' and the 'recreational' groups could be 
observed. Based on the results and within the limitations of their study, 
Claessens and co-workers ( 1997) came to the conclusion that the ulnar 
variance pattern is not directly caused by t he gymnastic training load, and 
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could not support the dose-response relationship. It is, however, clear t hat 
more longitudinal and intervention studies are needed before more exclusive 
interpretations can be made. 

5. FACTORS RELA TED TO THE ULNAR VARIANCE PHENOMENON 

5./. Method%gico/ concems 

Different methods are at hand to measure ulnar variance in both 
mature and immature wrists (Hafner et 0/., 1989; Kristensen et 01., 1986; 
Palmer et 01., 1982). As a result discrepancies between results were obtained 
using different techniques and data from different studies are not directly 
comparable (Steyers and Blair, 1989). 

ln most studies ulnar variance is determined on unilateral radiographs 
arbitrarily chosen. However, some authors (Claessens et 0/., 1998; DiFiori et 
0/., 1997; Freedman et 0/., 1998) have focussed on the problem of right versus 
left symmetry of ulnar variance. The results of these studies, however, are not 
unequivocal. DiFiori et 0/. ( 1997) and Freedman et 0/. (1998) have 
demonstrated that an individual 's ulnar variance is not uniformly symmetrical 
w ith the consequence that results who were obtained from different wrists 
are not directly comparable. ln contrast, in a study on 8 - 14 year old female 
gymnasts, Claessens et 0/. ( 1998) did not find a significant difference between 
ulnar variance taken from right and left radiographs. Also, differences in ulnar 
variance could not be observed between the dominant and non-dominant 
wrists, as determined by the rotational direction a wheel is turned. 

5.2. Wrist poin ond u/nor vorionce 

Several authors claim that wrist pain in gymnasts is associated with a 
positive ulnar variance (Caine et 0/., 1996). However, based on data gathered 
on 27 girls and 17 boys, who could be classified as non-elite gymnasts, training 
on average I 1.9 hours per week, DiFiori et 0/. (1997) did not find a significant 
association between ulnar variance and wrist pain. There was also no 
significant association between positive radiographic findings and ulnar 
vanance. 

5.3. Moturity stotus ond u/nor vorionce 

It is often argued that the less mature the gymnast, the more negative 
the impact of gymnastic training on the radial growth plate, and as a 
consequence, a more positive ulnar variance is observed. However, based on 
data gathered on 156 world-top immature female gymnasts, no significant 
relationship was found between skeletal age and ulnar variance, r=+O. 16 
(Claessens et 0/., 1996). When the data were analysed more in detail, it was 
clearly demonstrated that ulnar overgrowth was not associated with advanced 



maturity status of the radius or earlier epiphyseo-diaphyseal fusion; rather, 
ulnar overgrowth was apparently associated with more advanced maturity 
status of the ulna (Beunen et 01., 1999). 

5.4. Gymnostic troining lood ond ulnor vorionce 

ln most studies, especially case-reports, a dose-response relationship 
between training and ulnar variance is suggested. Thus, the higher the 
gymnasts' training and/or competition levei, the more pronounced positive 
ulnar variance. This cause-effect relationship, however, is not equivocai 
concluded by ali authors and need further consideration. ln a study on a 
representative sample of outstanding (participants world championships) 
female gymnasts, Claessens et 01. ( 1996) did not find any significant correlation 
between training status and competition scores on the one hand, and ulnar 
variance on the other hand, correlation values varying from r=-O.I I (r 
between starting age and ulnar variance) and r=+0.15 (r between competition 
score uneven bars and ulnar variance). Also, DiFiori et 01. ( 1997) did not find a 
significant association between ulnar variance and training history in 44 non
elite mal e and female gymnasts, aged 5.8 - 15.8 years. Also, based on data 
gathered on 36 female gymnasts who were followed longitudinally for four 
years, Claessens et 01. ( 1997) could not demonstrate a significant influence of 
gymnastics training load and the ulnar variance phenomenon. 

5.5. Body build ond ulnor vorionce 

It can be hypothesized that an 'overweight' or 'overfat' body, or a 
physique not fully suited for gymnastics, w ill be more at risk for overload or 
overuse injuries than a physique that is appropriate for the sport. It can thus 
be argued that the 'heavier' the gymnast, the higher the mechanical load on 
the gymnasts' wrists, resulting in a more pronounced positive ulnar variance. 
With the exception of some studies (Claessens et 01, 1996; Boogaerts, 2002), 
most of the available studies of ulnar variance in gymnasts has taken the bodily 
characteristics of the subjects and/or patients into account. It is, however, 
clearly demonstrated, that female gymnasts competing at the elite levei with a 
body physique characterized as relatively tall and a high lean body mass, not 
fat, are at greater risk in developing a positive ulnar variance. 295 

5.6. Basic motor obilities ond ulnor vorionce 

To our knowledge, little is known if t here is any relationship between 
the basic motor capacity or physical fitness condition of the gymnast and ulnar 
variance. However, it can be argued that the relative positioning of the ulna to 
the radius can be influenced by some motor abilities, in general, or especially 
at the wrist region (e.g. strength and flexibility characteristics of the wrist, 
fingers, and 50 on). Up till now, in none of the published material concerning 
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ulnar variance this relationship was investigated. Very recently, this relationship 
was studied in a group (n= 16) of 16-year old (SD=2.0) sub-top female 
gymnasts. (Vandenbussche, 2002) Significant correlations between ulnar 
variance and some motor capacities were found: with hyper extension of the 
fingers (r=+ 0.65); and with hyper extension of the elbow (r=+0.52). The 
results of this preliminary study suggest t hat more fiexible gymnasts are at 
greater risk in developing a positive ulnar variance. 

6. CONCLUSIONS 

Based on the available literature of the ulnar variance in female 
gymnasts it can be concluded that, compared to the reference values, the 
observed positive ulnar variance in gymnasts is less 'dramatic' than originally 
stated. We support Rowlands' comment in his 'Editor's Notes' that "The 
available information is scant, and much more research is needed, but so far 
most of these seem to be largely false alarms ... The psyche of the highly 
trained athlete, on the other hand, may be more susceptible to injury than the 
epiphysis" (Rowland, 1993, p. 300). However, the observed data from the 
literature poses at least the possibility that growth can be affected and the 
condition must certainty be taken seriously. More research is needed, 
especially wel l designed longitudinal studies taking into account a broad 
spectrum of factors which are connected to t he ulnar variance phenomenon. 
Finally, the importance of optimal training programs, supervised by well
educated coaches, together with the guidance of the young gymnast by a 
highly qualified medical team, cannot be stressed enough. 
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