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A b s t r a c t: Many diseases of the wrist can be recognized by radiographic 

changes and quantified by radiographic measurements. The kinematic radiographic 
measurements are the basis for kinematic studies of the wrist as well as a diagnostic, 
prognostic and follow- up tool for many conditions of the wrist. We undertook this 
study to identify the normal variations in the longitudinal and transverse dimensions of 
the wrist, and measure several indices on posteroanterior roentgenograms of the wrists 
of the healthy population in the Republic of Macedonia. There were 100 healthy sub-
jects (47 men and 53 women), 41 left and 59 right hands. The mean age of the subjects 
was 42 years ± 12.42 (range 20 to 60 years). Measurements were made of the third 
metacarpal, the carpal height, the length of the capitate and the carpal- ulnar distance. 
The indices, expressed as ratios, included the carpal height ratios (we used two methods 
– CHR by Youm and Revised CHR as described by Natrass) and the Carpal-Ulnar 
Distance Ratio. The results we obtained are similar to those we find in the literature 
(CHR – 0.53 ± 0.01; RCHR – 1.56 ± 0.02; Carpal-Ulnar Distance Ratio – 0.30 ± 0.01). 
This study shows that these methods are reproducible and the values represent normal 
reference values that can be used in further kinematic studies of the wrist in our popu-
lation. Also, these measurements can be used in determining the degree of kinematic 
dysfunction present in people with wrist abnormalities, and in evaluation of the kine-
matic effectiveness of real and hypothetical treatment modalities, thus making them 
exceptionally valuable for the orthopaedic surgeons. 
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Introduction 
 

The hand and wrist have been the subject of medical imaging since the 
first radiograph, an image of his wife’s hand, produced and published in 1896 
by W C Röntgen. The clinical-radiological interest in the wrist is due to its 
extreme anatomical and biomechanical complexity (De Filippo, 2006). It is re-
markable to think that as many as ten skeletal segments together with numerous 
ligamentous and tendinous structures interact and move so harmoniously in such a 
small space. Despite the development of numerous new and sophisticated ima-
ging techniques, the humble radiograph still remains the single most important 
imaging modality for the hand and wrist (Taleisnik, 1985). A patient with a 
painful, dysfunctional or deformed carpus presents as a true diagnostic and the-
rapeutic challenge. Many diseases of the wrist can be recognized by radiograp-
hic changes and quantified by radiographic measurements (Stahelin, 1989). Ki-
nematic radiographic measurements were first introduced in 1978 by Youm et 
al. and included: carpal height, carpal height ratio and carpal-ulnar distance. In 
the next decades, more measurements, indices and ratios were described, so the 
kinematic radiographic measurements became the basis for kinematic studies of 
the wrist as well as a diagnostic, prognostic and follow-up tool for many condi-
tions of the wrist (arthritic changes, posttraumatic disorders, rheumatoid arthri-
tis, etc.)  

These measurements are still not in use in our country and so far, no 
attempt has been made to introduce them in clinical practice. In order to use 
them in pathologic conditions of the wrist, first we have to standardize the 
kinematic radiological measurements in the healthy population and obtain 
normal radiographic reference values. We undertook this study to identify the 
normal variations in the longitudinal and transverse dimensions of the wrist, and 
measure several indices on posteroanterior roentgenograms of the wrists of the 
healthy population in the Republic of Macedonia. 

 
 

Materials and Methods 
 

We made measurements on the posteroanterior roentgenograms of the 
wrists and hands of 100 normal subjects that were divided into groups accor-
ding to sex and age (twenty to forty years and 41 to sixty years). Individuals 
who had a history of previous operative interventions, fractures, congenital 
anomalies, or signs and symptoms suggestive of disorder of the upper limb were 
excluded from the study. Posteroanterior roentgenograms were made of the 
wrist and hand, with the wrist and hand in a neutral position, the elbow at 90 
degrees of flexion and the shoulder at 90 degrees of abduction. The X-ray tube 
was aligned vertically to the radial styloid. All of the roentgenograms were 
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digitalized and enlarged to allow for precise identification of the key anatomical 
landmarks. Measurements were made in millimetres of the third metacarpal, the 
carpal height, the length of the capitate and the carpal-ulnar distance. The indi-
ces, expressed as ratios, included the carpal height ratios (we used two methods-
CHR as described by Youm and Revised CHR as described by Natrass) and the 
carpal-ulnar distance ratio.  

The length of the third metacarpal was measured along the longitudinal 
axis from the distal metacarpal to the subchondral margin of the proximal meta-
carpal (Fig. 1). The length of the capitate is the measurement of the longest dis-
tance from the distal distinct line (the subchondral margin of the capitate at the 
capitate-third metacarpal junction) to the proximal aspect of the capitate (Fig. 2). 

 
Figure 1 – Measurement of  the length of third metacarpal (L1), carpal height (L2)  

and carpal height ratio (L1/ L2) 
Slika 1 ‡ Merewe na dol`inata na tretata mekarpalna koska (L1), 

karpalna viso~ina (L2) i odnos na karpalna viso~ina (L1/L2) 

The carpal height, as defined by Youm, was measured as the distance 
between the base of the third metacarpal and the distal articular surface of the 
radius, along the extension of the longitudinal axis of the third metacarpal (Fig. 1).  

The carpal height ratio (CHR) is determined by division of the carpal 
height by the length of the third metacarpal – 11/12 (Fig. 1), as described by 
Youm. The revised carpal height ratio (RCHR) is determined by division of the 
carpal height by the length of the capitate, as described by Natrass (Fig. 2).  
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Figure 2 – Measurement of the RCHR: rL1 – length of capitate, L2 – Carpal 

height; RCHR = rL1/L2 
Slika 2 – Merewe na RCHR (revidiran odnos na karpalna viso~ina): 
rL1 – dol`ina na os capitatum, L2 – karpalna viso~ina; RCHR = rL1/L2 

The carpal-ulnar distance is defined as the perpendicular distance from 
the centre of rotation for radial-ulnar deviation of the wrist (the head of the 
capitate) to the longitudinal axis of the ulna projected distally when measured 
on a posteroanterior roentgenogram (Fig. 3). The carpal-ulnar ratio is determined 
when this distance is subtracted from the length of the third metacarpal (11/13). 

 
Figure 3 – Measurement of carpal-ulnar distance ratio L1/L3: L: length of third 

metacarpal, L3: Carpal-ulnar distance 
Slika 3 ‡ Merewe na odnos na karpalno-ulnarna distanca L1/L3, L1 – 

dol`ina na treta metakarpalna koska, L3 – karpalno-ulnarna distanca 
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For the Statistical Analysis we used descriptive tests (mean, standard 
deviation), t-test for independent samples and the Pearson coefficient for para-
meter correlation.  

 
 

Results 
 

The mean age of the patients was 42 years ± 12. 42 (range 20 to 60 
years). There were 47 men and 53 women. We examined the radiographs of 41 
left and 59 right hands from different patients. Figures 4 and 5 are two radio-
graphs showing measurement of the CHR, RCHR and Carpal-Ulnar Distance 
Ratio on subjects from our study group. In Figure 5 note the missing distal part 
of the third metacarpal which would not allow measurement of the CHR, but 
the RCHR can be measured.  

 
Figure 4 – Measurement of CHR and Carpal-ulnar distance ratio 

in one of the radiographs in our study 
Slika 4 ‡ Merewe na odnos na karpalna viso~ina i odnos 

na karpalno-ulnarna distanca na rentgenografija od na{ata studija 
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Figure 5 – Measurement of RCHR in one of the radiographs in our study 

Slika 5 – Merewe na revidiran odnos na karpalna viso~ina 
na rentgenografija od na{ata studija 

 
The results of the study group (mean, minimum, maximum and std. de-

viation) for the measured variables are given in Table 1. The CHR (Carpal 
Height Ratio) is 0.53 ± 0.01, RCHR (Revised Carpal Height Ratio) is 1.56 ± 
0.02 and the Carpal-Ulnar Distance Ratio is 0.30 ± 0.01.  
 
Table 1 – Tabela 1 

 
Descriptive statistics results for the measured variables 

Deskriptivno-statisti~ki rezultati za izmerenite varijabli 
 

Variable Mean Minimum Maximum Std. dev 
Carpal height 32,77 28,00  39,00 2,984 
CHR 0,53 0,51 0,57 0,015 
RCHR 1,56 1,50 1,61 0,02 

Carpal-ulnar distance ratio 0,30 0,28 0,32 0,01 

Tables 2, 3 and 4 show the results for tested differences between the 
parameters of two age, sex and hand groups.  
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Table 2 – Tabela 2 
 

Tested differences for the parameters between the two age groups 
Testirani razliki za parametrite me|u dve vozrasni grupi 

 
Variable 
age 

Mean 1  
(20–40) 

Mean 2 
(41–60) t-value p Std. dev. 1 

(20–40) 
Std. dev. 2 
(41–60) 

Carpal height 33,0 32,6 0,65 0,51 2,81 3,11 
CHR 0,54 0,53 1,08 0,27 0,01 0,01 
RCHR 1,56 1,56 0,84 0,39 0,02 0,02 
Carpal-ulnar 
distance ratio 0,29 0,30 -1,28 0,20 0,01 0,01 

 
Table 3 – Tabela 3  

 
 Tested differences for the parameters between the two sex groups 

Testirani razliki za parametrite me|u dvete polovi grupi 
 

Variable 
sex 

Mean 1  
male 

Mean 2 
female t-value p Std. dev. 1 

(male) 
Std. dev. 2 
(female) 

Carpal height 32,7 32,7 -0,07 0,93 2,91 3,07 
CHR 0,53 0,53 -0,20 0,83 0,01 0,01 
RCHR 1,56 1,55 1,04 0,29 0,01 0,02 
Carpal-ulnar 
distance ratio 0,30 0,30 0,14 0,88 0,01 0,01 

 
Table 4 – Tabela 4 

 
Tested differences for the parameters between the two hand groups 

Testirani razliki za parametrite me|u dvete grupi na {epi 
 

Variable 
hand 

Mean 1  
left 

Mean 2 
right t-value p Std. dev. 1 

left 
Std. dev. 2 
right 

Carpal height 33,7 32,1 2,7 0,00 2,99 2,82 
CHR 0,53 0,53 -1,01 0,31 0,01 0,01 
RCHR 1,55 1,56 -1,84 0,06 0,02 0,01 
Carpal-ulnar 
distance ratio 0,30 0,29 1,58 0,11 0,00 0,01 

There was no statistically significant difference between the two age, 
sex and hand groups regarding the measurements. This shows that the same re-
ference values can be used for both sexes and both hands for the adult popu-
lation in the range 20–60 years.  
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We used the Pearson coefficient of linear correlation test to show the 
correlation between the values for the CHR and RCHR (Graph 1). This test 
showed marked correlations are significant at p < 0.05 for the CHR and RCHR. 
This means that both CHR and RCHR can be used with the same accuracy.  

Correlation: r = ,66464
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Graph 1 – r – Pearson coefficient of linear correlation between 
CHR and RCHR = 0. 7 at p < 0.05 

Grafikon 1 – r ‡ Pearsonov koeficient na linearna korelacija 
pome|u CHR i RCHR = 0.7,  p < 0.05 

 
 

Discussion 
 

The Carpal Height Ratio (CHR) was first described by Youm et al., 
who reported a normal value of 0.54 ± 0.03. Stahelin reported a value of 0.54 ± 
0.04 and Schiund – 0.53. Our Carpal Height Ratio in normal healthy subjects is 
0.53 ± 0.01, which is comparable and similar to all of the above studies. Howe-
ver, two common problems have been encountered with the use of this method: 
First – often the distal aspect of the third metacarpal is not included on routine 
posteroanterior radiographs of the wrist, and second – when the third meta-
carpophalangeal joint has been affected by destructive joint disease, the length 
of the third metacarpal is difficult to measure (Natrass, 1994). To overcome this 
problem, an alternative method was devised by Natrass et al. to define the 
Carpal Height Ratio with the use of the length of the capitate instead of the third 
metacarpal. This so-called Revised Carpal Height Ratio (RCHR) in our study is 
1.56  ± 0.02 which was similar to the value reported by Natrass – 1.57 ± 0.05 
and other studies.  
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Carpal collapse is another term introduced by Youm et al., which is 
defined as a decrease in the CHR during progressive stages of many diseases that 
involve the wrist. The importance of the CHR and RCHR is in its use in pathologic 
conditions of the wrist which lead to carpal collapse (Bouman, 1994; Ucan, 2006).  

Carpal-ulnar distance ratio can be used clinically to obtain a quantita-
tive expression of ulnar shift of the carpus in pathological states of the wrist, the 
so-called carpal translation. It is considered especially useful for evaluation of 
patients with rheumatoid arthritis. In our series of patients the carpal-ulnar 
distance ratio is 0.30 ± 0.01. This value is similar to the results of all the studies 
for normal healthy subjects. 

We also reviewed studies that found differences between the two sex or 
age groups for the measurements in different populations – Chinese, Egyptian, 
Mexican (Wang YC, 2010; Mohammed Ali MH., 2009; Torres-Gonzalez R., 
2006). However, in our study groups we found no significant difference bet-
ween the two age groups, between the left and right hand and between men and 
women. We believe that these ethnographic differences are not present in our 
population and are therefore insignificant. 

 
 

Conclusion 
 

The objective of our study was to obtain normal radiographic reference 
values for the kinematic radiographic measurements of the wrist in the Republic 
of Macedonia. Our results for the carpal height, carpal height ratio, revised car-
pal height ratio and carpal-ulnar distance and ratio are identical with those 
found in the literature. The methods we used are shown to be reproducible and 
can be used in further kinematic studies and in determining the degree of kine-
matic dysfunction present in people with wrist abnormalities. By using ratios, 
differences in hand size and roentgenographic magnification are eliminated as 
variables. The technique was easy to learn and use.  

We expect to find them especially useful in evaluation of the kinematic 
effectiveness of real and hypothetical treatment modalities, thus making them 
exceptionally valuable for orthopaedic surgeons.  
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A p s t r a k t: Mnogu bolesti na kitkata mo`e da se otkrijat preku 
radiografski promeni i da se kvantificiraat so radiografski merewa. 
Kinematskite radiografski merewa se osnova za kinematski studii, no 
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isto taka i alat za dijagnoza, prognoza i sledewe pri mnogu sostojbi na kit-
kata. Ja prezemavme ovaa studija so cel da gi identifikuvame normalnite 
varijacii vo longitudinalnite i transverzalnite dimenzii na kitkata i da 
izmerime nekolku indikatori na posteroanteriorni rentgenogrami na kitka 
kaj zdrava populacija vo R. Makedonija. U~estvuvaa 100 zdravi subjekti (47 
ma`i i 53 `eni), 41 levi i 59 desni {epi. Srednata vozrast na subjektite 
iznesuva{e 42 godini ± 12,42 (opseg ‡ 20–60 godini). Gi koristevme slednite 
merewa: dol`ina na tretata metakarpalna koska, karpalna viso~ina, dol-
`ina na os capitatum i karpalno-ulnarna distanca. Indikatorite, koi gi 
izrazivme kako odnos, gi vklu~uvaa: odnos na karpalna viso~ina ‡ Carpal 
Height Ratio (upotrebivme dve metodi ‡ CHR opi{an od Youm i revidiran 
CHR spored Natrass) i odnos na karpalno-ulnarna distanca ‡ Carpal-ulnar 
Distance Ratio. Dobienite rezultati nalikuvaat na onie koi gi nao|ame vo 
literaturata (CHR – 0,53 ± 0,01; RCHR – 1,56 ± 0,02; Carpal-ulnar Distance Ratio 
– 0,30 ± 0,01). Ovaa studija poka`uva deka metodite mo`e da se reproduce-
raat i dobienite vrednosti pretstavuvaat normalni radiografski refe-
rentni vrednosti koi mo`at da se koristat vo ponatamo{ni kinematski 
studii na kitkata kaj na{ata populacija. Isto taka, ovie merki mo`e da se 
koristat za odreduvawe na stepenot na karpalna disfunkcionalnost kaj lu|e 
so abnormalnosti na kitkata, kako i za evaluacija na kinematskata efek-
tivnost na vistinski i hipotetski terapiski modaliteti. So toa tie se 
osobeno korisni za ortopedskite hirurzi.  
 
Klu~ni zborovi: kitka, kinematika, radiografija na karpalni koski, refe-
rentni vrednosti.  
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