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CHAPTER 6: GYMNAST WRIST:  the ulnar var iance 
phenomenon *  
 
Albrecht L Claessens 
 
 
 
 
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 with changes 
in expectations of performance at top levels, 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 level 
gymnastic achievements. (Claessens, 1999) Further, the demands of artistic 
gymnastics for females have also changed, eg requirements for more difficult 
routines, year-round training, enhanced mental stress, and so on (Gould, 2001; 
Jemni et al., 2001; 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 al., 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 
mean weight of about 8 to 9 kg (Claessens, 1999; Claessens et al., 1991). 
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 individuals (Claessens, 1999; Malina, 1999, 2001). In general, 
present-day elite gymnastics has evolved to favor the body of a child in 

                                                             
*  Based on a presentation at the Symposium Science in Artistic Gymnastics, held in Ghent, 

Belgium, October 27, 2001. (Claessens, 2001)  
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contrast to that of a maturing adolescent or young adult (Claessens, 1999). 
These observations can be in large part be attributed 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. Also, 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 training also have 
increased. Elite-level gymnasts, for example, are reported to train around 40 
h/week, 5-6 days/week, the 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 al., 1997). These extremely high training 
demands and changes in expectations of the sport at elite levels (Normile, 
1996) has resulted in both public and medical concerns, especially from an 
auxological point of view (Claessens, 1999; Malina, 2001). 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 patterns 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-bearing limbs, causing high-impact loads to be distributed 
through the elbows and wrists (Koh et al., 1992; Markolf et al., 1990). It is not 
unexpected that injury occurs in these regions (Caine et al., 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 carpals, as claimed by some authors 
(reviewed by Caine et al., 1997). Further on, some authors claim that 
repetitive injury to the radial epiphysis may inhibit normal growth of the radius 
resulting in a ‘positive ulnar variance’ (Caine et al., 1996, 1997). 

 
The aim of this study is to review the available research concerning the 

ulnar variance phenomenon as it is connected to the female gymnast.  
 
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 the distal end of the radius, then the term 
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positive ulnar variance (or ulnar overgrowth) is used. When the opposite is 
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 ulnar variance 
(Hafner et al., 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 al., 1989; Kristensen et al., 1986; Palmer et al., 1982: Steyers and 
Blair, 1989). 
 
F INDINGS FROM CASE REPORTS AND CROSS-SECTIONAL 
STUDIES 
 
In general, it has been proposed by several authors that the repetive stress 
experienced by the skeletally immature wrist during gymnastics training 
(especially 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 individuals 
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 al., 1989; Aldridge, 1987; Carter and Aldridge, 
1988; Chang et al., 1995; DiFiori et al.,1997; Mandelbaum et al., 1989). 
Although, on average, a positive ulnar variance in most studies could be 
observed, results were contradictory and controversial conclusions were 
made. Also, because of the small sample 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 al., 1996; De Smet et al., 1994). Ulnar variance was 
obtained in 201 female gymnasts, all participants at the 24th World 
Championships Artistic Gymnastics, held at Rotterdam, The Netherlands, 
October 1987 (Claessens et al., 1991). The gymnasts under study came from 
27 (from in total 31) 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=201), high level of training (on average 27 hours per week, varying 
from 13 to 48 hours per week), competition level (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 
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competition level 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 al. (1997) in non elite 
female gymnasts. 
 
RESULTS 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 allow 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.    

 
In a longitudinal study, 36 female gymnasts were annually followed for 

four or five occasions, with a total of 158 observations (Claessens et al., 1997). 
At the first observation, the age of the girls varied between 6 and 14 year. 
According to their training level (based on the total hours of gymnastic training 
per week) the total group could be divided in three subgroups: (1) a ‘top-
level’ 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 1 to 2 hours training / week). Besides stature and weight, ulnar 
variance was determined according to the method of Hafner et al. (1989) for 
immature wrists. Results for ulnar variance demonstrated that for all 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 al., 1989), where a relatively 
stable negative ulnar variance pattern can be observed throughout 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 
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-level’ 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 the gymnastic training load, and 
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could not support the dose-response relationship. It is, however, clear that 
more longitudinal and intervention studies are needed before more exclusive 
interpretations can be made. 
 
FACTORS RELATED TO THE ULNAR VARIANCE 
PHENOMENON  
 
 

a) Methodological concerns 
 
Different methods are at hand to measure ulnar variance in both mature and 
immature wrists (Hafner et al., 1989; Kristensen et al., 1986; Palmer et al., 
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). 

 
In most studies ulnar variance is determined on unilateral radiographs 

arbitrarily chosen. However, some authors (Claessens et al., 1998; DiFiori et 
al., 1997; Freedman et al., 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 al. (1997) and Freedman et al. (1998) have 
demonstrated that an individual’s ulnar variance is not uniformly symmetrical 
with the consequence that results who were obtained from different wrists 
are not directly comparable. In contrast, in a study on 8 – 14 year old female 
gymnasts, Claessens et al. (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. 
 

b) Wrist pain and ulnar variance   
 
Several authors claim that wrist pain in gymnasts is associated with a positive 
ulnar variance (Caine et al., 1996). However, based on data gathered on 27 
girls and 17 boys, who could be classified as non-elite gymnasts, training on 
average 11.9 hours per week, DiFiori et al. (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 
variance.  
 

c) Maturity status and ulnar variance 
 
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 

85



 86 

on 156 world-top immature female gymnasts, no significant relationship was 
found between skeletal age and ulnar variance, r=+0.16 (Claessens et al., 
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 al., 1999).  
 

d) Gymnastic training load and ulnar variance 
 
In 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 level, the more pronounced positive ulnar variance. This 
cause-effect relationship, however, is not equivocal concluded by all authors 
and need further consideration. In a study on a representative sample of 
outstanding (participants world championships) female gymnasts, Claessens et 
al. (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=-0.11 (r between starting age and ulnar 
variance) and r=+0.15 (r between competition score uneven bars and ulnar 
variance). Also, DiFiori et al. (1997) did not find a significant association 
between ulnar variance and training history in 44 non-elite male 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 al. 
(1997) could not demonstrate a significant influence of gymnastics training 
load and the ulnar variance phenomenon.  
 

e) Body build and ulnar variance 
 
It can be hypothesized that an ‘overweight’ or ‘overfat’ body, or a physique 
not fully suited for gymnastics, will 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 al, 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 level 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.   
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f) Basic motor abilities and ulnar variance 

 
To our knowledge, little is known if there 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 so on). Up till now, in none of the published material concerning 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 that more flexible gymnasts are at greater risk in 
developing a positive ulnar variance.  
 
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 well designed longitudinal 
studies taking into account a broad spectrum of factors which are connected 
to the 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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Geografia Física e Riscos Naturais recupera dez pequenos trabalhos de 

investigação publicados pelo Autor entre 2001 e 2008, que são revistos e 

aumentados, e acrescenta-lhes um capítulo inédito, bem como as versões 

integrais de duas entrevistas concedidas recentemente. 

Salientam-se trabalhos precursores na área dos riscos naturais 

elaborados por diversos geógrafos portugueses, onde começa a aparecer 

a linguagem do risco, que logo se vai desenvolver num capítulo sobre 

a teoria do risco, apresentada, preferencialmente, a partir de casos 

de estudo bem conhecidos em Portugal. No respeitante à tipologia 

do risco, destacam-se riscos geomorfológicos, através de exemplos 

relacionados com movimentos de massa ocorridos tanto no território 

continental como na ilha de São Jorge, mas também de riscos de 

cheias e inundações, exemplificados com o caso do Baixo Mondego nas 

proximidades de Coimbra. Os vários riscos que se podem estudar nos 

litorais, aparecem com exemplos mais ou menos conhecidos do grande 

público, a várias escalas e em diversos locais do planeta, tal como, à 

escala da costa ocidental do nosso país, com o exemplo do risco de 

sedimentação na laguna de Aveiro. Os riscos ambientais são igualmente 

tratados, embora numa perspectiva geográfica, que implica o conceito 

de zonalidade e o de mudanças climáticas. Finalmente, a associação 

constante e exagerada dos conceitos de risco e de catástrofe, leva a 

uma reflexão sobre as três verdadeiras catástrofes que se verificaram em 

Portugal nos três últimos séculos. 

A introdução da obra refere-se à Geografia Física e a sua conclusão aos 

Riscos Naturais. Assim, de início, expõe-se uma metodologia que irá estar 

subjacente à maior parte dos trabalhos sobre riscos e, no fim, discute-se 

o que deverá ser um novo olhar sobre estes mesmos riscos. 

Não se pretende oferecer ao leitor uma bibliografia exaustiva sobre 

riscos naturais, mas as referências bibliográficas são em número elevado.

Os textos das referidas entrevistas são dados a conhecer em anexos.

 

Fernando Rebelo

Nasceu em Espinho (1943), fez os seus estudos primários e secundários 

no Porto e universitários em Coimbra, onde se licenciou em Geografia 

pela Faculdade de Letras (1966). Doutorou-se em Geografia Física (1975), 

pela Universidade de Coimbra. Foi, então, Professor Auxiliar (1975-1978) 

e Professor Extraordinário (1978-1982), sendo Professor Catedrático 

da mesma Faculdade desde 1982. É Sócio Correspondente Nacional da 

Academia das Ciências de Lisboa (1993). Foi Vice-Reitor (1986-1996) e 

Reitor (1998-2002) da Universidade de Coimbra, tendo sido condecorado 

com a “Grã Cruz da Ordem de Mayo al Mérito”, da Argentina (2001), 

bem como com a “Grã Cruz da Ordem Renascença do Piauí”(2001) 

e com o grau de “Grande Oficial da Ordem Nacional do Cruzeiro do 

Sul”, do Brasil (2002). Embora esporadicamente, leccionou cursos 

nas Universidades de Aveiro, Açores, Porto, Lisboa, Limoges e Paris I 

(Panthéon-Sorbonne), tendo proferido conferências em muitas outras, 

entre as quais 17 Universidades do Brasil, mas também em Universidades 

de outros países, como as de Manchester (Reino Unido), León, Huelva e 

Internacional da Andaluzia (Espanha), Nacional de Córdova (Argentina), 

Macau (RAM/China) e Estudos Estrangeiros de Quioto (Japão). Entre 

livros, capítulos de livros, artigos, notas e recensões, tem mais de 250 

títulos publicados. Em 1994, fundou a Territorium, Revista de Geografia 

Física Aplicada no Ordenamento do Território e Gestão de Riscos 

Naturais, hoje, Revista da Riscos, Associação Portuguesa de Riscos, 

Prevenção e Segurança, de que é Director. Integra o Conselho Científico 
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