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Abstract: 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 Roéntgen. 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).

/A

Figure 1 — Measurement of the length of third metacarpal (L1), carpal height (L2)
and carpal height ratio (L1/ L2)
Cauka 1 — Mepetse nHa 0onxcunaitia Ha wipetniaiia mexapiiaira kocka (L1),
kapiaana sucoquna (L2) u oonoc Ha kapiiaaua sucovuna (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
Cauka 2 — Meperse na RCHR (pesuoupan oonoc na kapiiaana 6uco4una):
rL1 — doaxcuna na 0s capitatum, JI2 — kapiiaana sucowurna; 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
Cauka 3 — Mepere Ha 00HOC Ha Kapilaaro-yanapHa oucitianuya L1/1.3, L1 —
00K CUHA Ha peilia mettakapiaiia kocka, L3 — kapiiaano-yanapHa oucitianuya
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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
Cauka 4 — Meperse Ha 00HOC HA KAPUAAHA BUCOHYUHA U OOHOC
Ha KapiaaHo-yaHapHa OUCIAHUa HA peHilizZeHozZpaghuja 00 Hawaitia citlyouja
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Figure 5 — Measurement of RCHR in one of the radiographs in our study
Cauka 5 — Meperse nHa pesudupan 0OHOC HA KAPUAAHA BUCOUUNHA
Ha perilizeHozZpaghuja 00 Hauatiia ciiyouja

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 —Ta6ena 1

Descriptive statistics results for the measured variables
LeckpuiitiugHo-CillaiiuciiuiKu pe3yAlaitiu 3a uamepeHuite sapujabau

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 156 | 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 — Tabena 2

Tested differences for the parameters between the two age groups
Tectuuparu pasauku 3a uapametipuitie mezy 08e 803pacHU Zpyiu

distance ratio

Variable Mean 1 Mean 2 t-value b Std. dev. 1 | Std. dev. 2
age (20-40) | (41-60) (20-40) | (41-60)
Carpal height | 33,0 32,6 065 |051| 281 3,11
CHR 0,54 053 108 |027| 001 0,01
RCHR 1,56 1,56 084 |039]| 0,02 0,02
Carpal-ulnar 0,29 0,30 1128 |020| o001 0,01

Table 3 - Tabena 3

Tested differences for the parameters between the two sex groups
Tecitiupanu pasauku 3a napameripuiiie mezy O0geilie oA08U ZpYilu

distance ratio

Variable Mean1l | Mean 2 Std. dev. 1 | Std. dev. 2
t-value |p

Sex male female (male) (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 0,30 0,30 014 |088| 001 0,01

Table 4 — Tabena 4

Tested differences for the parameters between the two hand groups
Tecitiupanu pasauku 3a apamettipuitie mezy O8eilie Zpyiu Ha uieiu

Variable Meanl1l | Mean 2 t-value b Std. dev. 1 | Std. dev. 2
hand left right left 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 0,30 0,29 158 |011| 0,00 0,01
distance ratio

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

1,62

RCHR

1,50 o

1,48
0,50 0,51 0,52 0,53 0,54 0,55 0,56 0,57 0,58

CHR ~a_95% confidence

Graph 1 - r — Pearson coefficient of linear correlation between
CHRand RCHR =0.7 atp <0.05
I'pagpuron 1 — p — Ileapconos Koeghuyueniti Ha AUHeAPHA Kopeaayuja
itomeéy CHR u 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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Pesume

KNMHEMATCKHA PAIUOTPA®CKU MEPEIbA HA KUTKATA
KAJ 3IPABA IIOITYJTAIINJA BO PEITYBJIUMKA MAKETOHHAJA

®oreBa M., [Ionocka A.
YrHusepsuitieiticka kaunuka 3a opuiotiedcku 6oaeciuu,

Meouuyuncku ¢paxyaitein, Crotije, P. Maxeoonuja

AncrtpakT: MHoOry 6oectd Ha KHTKaTa MOXe jla ce OTKpHjaT MpPeKy
paguorpadcky IPOMEHH ¥ Jla ce KBaHTH(HUIMpaaT co paguorpacku Mepema.
KunemaTckure paguorpacki Mepema ce OCHOBa 3a KMHEMAaTCKH CTY[IUH, HO
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MCTO TaKa ¥ ajar 3a Aujar{osa, IPoTHO3a U CIECHE IPH MHOTY COCTOjON Ha KAT-
KaTa. Ja mpe3eMaBMe OBaa CTyAHWja CO IEJ Aa I'M ACHTH(UKYyBaMe HOPMAaJTHATE
BapHjaliiy BO JJOHTUTYAMHAIHATE U TPAHCBEP3ATHATE AUMEH3NM HAa KUTKaTa 1 Jja
n3MepUMe HEKOJIKY MHIMKATOPH Ha MOCTEPOaHTEPHOPHN PEHTTEHOrpaMi Ha KUTKa
Kaj 3mpaBa nomnynanuja Bo P. Makenonunja. YuecrByBaa 100 3npaBu cyGjektu (47
Maxu u 53 xeun), 41 nesu u 59 gecuu menu. CpeHaTa BO3pACT Ha CyOjeKTHTE
usHecyBatte 42 ronuuu + 12,42 (oncer — 20-60 ropunn). T'n KOprCTEBME CleHUTE
Mepema: JOIKMHA Ha TpeTaTa MeTakaplalHa KOCKa, KaprajHa BUCOYMHA, JOJI-
>KMHA Ha 0S capitatum m KapmajHo-yJIHapHa pucraHna. MHgmkaTtopure, KOW T'H
n3pa3WBMe Kako OAHOC, TM BKIIyYyBaa: OJHOC Ha KaprnajHa BucoumHa — Carpal
Height Ratio (ymorpeGusme aBe metomu — CHR omuimad of Youm u peBuupaH
CHR crnopen Natrass) m ogHOC Ha KapnajHO-yiHapHa auctanima — Carpal-ulnar
Distance Ratio. [ToOueHuTe pe3ynTaTd HAIMKyBaaT HAa OHHME KOHM T'M Haorame BO
autepatypata (CHR - 0,53 + 0,01; RCHR — 1,56 + 0,02; Carpal-ulnar Distance Ratio
— 0,30 + 0,01). OBaa cryauja HOKaXKyBa JleKa METOJNTE MOXKE f1a Ce pernpoayle-
paaT M AOOHMEHHWTE BPETHOCTH NpeTCTaByBaaT HOPMallHM pagmorpadckn pede-
PEHTHU BPEHOCTU KOM MOXKAT jla ce KOpPHCTAT BO NMOHATAaMOIIHU KHHEMAaTCKH
CTy[IMH Ha KUTKaTa Kaj HallaTa nomyiamnuja. Mcto Taka, OBIe MEPKHU MOXKe fia ce
KOPHCTAT 3a OffpefyBame Ha CTENEHOT Ha KaplallHa JUC(YHKIMOHATHOCT Kaj Jyfe
co aOHOpMAaJIHOCTH Ha KUTKaTa, Kako U 3a eBallyaljija Ha KMHeMaTcKaTa eek-
THBHOCT Ha BHCTHMHCKH M XHIIOTETCKM Tepammcku Mmopanutetu. Co Toa THE ce
0COOEHO KOPHCHU 3a OPTOIEACKUTE XUPYP3H.

Knyunu 360opoBn: KuTKa, KHHEMaTHKa, pafuorpaduja Ha KaphnajaHd KOCKH, pede-
PEHTHU BPETHOCTU.
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