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The measurement of wrist kinematics in children 4 to 16 years old
and the comparison of the scapholunate distance with adult values

Cocuklarda (4-16 yas) el bilegi kinematigi ve skafolunat mesafenin
eriskin degerleriyle karsilastinlmas

Nedret OKAN, Ferhat CABOGLU, Tolga MER  TOGLU, Oguz DURAKBASA, Miicahit GORGEC

Haydarpasa Numune Education and Research Hospital, Orthopaedics and Traumatology Department

Amag: Calismamizda, eriskinler i¢in bildirilen el bilegi
kinematik indekslerinin (rotasyon merkezi, karpal yiik-
seklik, karpal-ulnar mesafe), ii¢iincii metakarp uzunlugu-
nun ve skafolunat mesafenin ¢cocuklardaki yer ve degerle-
rini saptamaya calistik.

Calisma plam: El bilegi ve/veya 6nkol travmastyla bagvu-
ran 4-16 yas grubu hastalardan kars: taraf el bilegi grafisi-
nin karsilastirma amaciyla cekildigi 41 olgu (24 kiz, 17 er-
kek) calismaya alindi. Cocuklar cinsiyet ve taraf farki dik-
kate alinmadan kronolojik yaslarina gore ikiser yil aralik-
larla alt1 gruba ayrildi. Saglam el bileklerinin standart arka-
on grafileri tizerinde yapilan Glgiimlerin ortalamalari he-
saplandi ve sonuglar istatistiksel olarak yorumlandi.

Bulgular: Karpal yiikseklik, karpal-ulnar mesafe ve
liciincli metakarp uzunlugu tiim gruplarda anlamli derece-
de farklilik gosterdi. Ancak karpal yiiksekligin ve karpal-
ulnar mesafenin ligiincli metakarp uzunluguna oranlari
yas gruplar1 arasinda ve erigkin degerleriyle benzerlik
gosterdi. Skafolunat mesafe ise tiim yas gruplarinda birbi-
rinden ve standart eriskin degerinden anlamli derecede
farkli bulundu.

Cikanmlar: Karpal yiiksekligin ve karpal-ulnar mesafe-
nin ii¢iinci metakarp uzunluguna olan oranlarina ait eris-
kin degerleri, cocuklar icin de standart degerler olarak ka-
bul edilebilir. Ancak, ¢ocuklarda skafolunat ayrismayi be-
lirlerken normal erigkin rontgen 6lciim degeri tani Olgiitii
olarak kullanilmamalidur.

Anahtar sozciikler:  Yag faktorii; antropometri; kemik gelisimi;
karpal kemikler/radyografi; cocuk; referans degeri; skafoid ke-
mik/radyografi; el bilegi/anatomi ve histoloji/radyografi; el bile-
81 eklemi/radyografi.

Obj ectives: We sought to determine the position and values
of the kinematic indices of the wrist (center of rotation,
carpal height, carpal-ulnar distance), the third metacarpal
length, and the scapholunate distance for children and com-
pared the results with those reported for adults.

Methods: The study included 41 children (24 girls, 17 boys;
age range 4 to 16 years) who presented with wrist and/or fore-
arm injuries, and whose radiographs of the other wrist had been
obtained for comparison. The children were divided into six
age groups separated by 2-year intervals regardless of gender
or the side of the wrists involved. Measurements were made on
standard posteroanterior radiographs of healthy wrists and the
mean values obtained were statistically analyzed.

Results: The carpal height, carpal-ulnar distance and the
third metacarpal length were significantly different in all
age groups. The ratios of the carpal height and the carpal-
ulnar distance to the third metacarpal length were similar
both in the age groups and to those reported for the adult
values. However, the scapholunate distance exhibited sig-
nificant differences between the age groups and from the
standard adult value.

Conclusion: The adult values given for the ratios of the
carpal height and the carpal-ulnar distance to the third
metacarpal length can be adopted as standard values for
children. However, determination of the scapholunate dis-
sociation in children should not be based on the normal
range given for adults.

Key words: Age factors; anthropometry; bone development;
carpal bones/radiography; child; reference values; scaphoid bone/
radiography; wrist/anatomy and histology/radiography; wrist joint/
radiography.
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Wrist kinematic indices and the scapholunate dis-
tance play an important role in the diagnosis and treat-
ment of carpal diseases and traumas. Standard mea-
surements for adults have been developed in many
studies using direct radiographs.!"* Standardized val-
ues obtained from these studies are used to differenti-
ate normal and pathological situations for all age
groups. However in children, in whom cartilage tis-
sue is dominant and bone growth is not yet com-
plete, these standardized measurements might be far
from accurate.

Emphasizing this point, Kaawach et al® per-
formed an important study aiming to determine the
normal values of scapholunate distance in children
according to age groups and chronological changes.
We have not encountered with another study intend-
ing to determine the standard values for carpal
height/length of the third metacarpal, carpal-ulnar dis-
tance/length of third metacarpal which are to be used
in the diagnosis of wrist pathologies in children.
Moreover, there was also no study in the literature
investigating the differences in carpal height, carpal-
ulnar distance and length of the third metacarpal
according to age groups.

We had two major objectives in the study: (i) To
determine the pediatric values and importance of
wrist kinematic indices (rotational center, carpal
height, carpal-ulnar distance) and length of the third
metacarpal, which are reported and standardized mea-
surements for adults; (ii) being a valuable criteria for
scapholunate dissociation, to determine the variabili-
ty in the values of the scapholunate distance and to
compare them with adult values.

Table 1. General demographics (Mean.tstandard deviation)”

Patients and method

The study group consisted of 41 patients aged
4-16 years who referred to the emergency depart-
ment between Jan-May 2002, with traumas involv-
ing the wrist or forearm and whose contralateral
wrists were evaluated radiographically for compar-
ison. There were 24 girls and 17 boys. In two
patients, both wrists were included in the study
since only the soft tissues of the elbow were affect-
ed. None of the patients had a previous history of
wrist pathology or radiographic abnormality.
Patients were separated into six groups according
to their chronological age with 2-year intervals.

Standard AP radiographs of the unaffected wrist
were used to measure the center of rotation, scaphol-
unate distance, carpal-ulnar distance, length of the
third metacarpal, carpal height, and ratios between
carpal height/length of third metacarpal, carpal-
ulnar distance/length of third metacarpal. All of the
measurements were performed by one of the
authors.

The number of boys and girls, and right and left
wrists in each group were not adequate for statistical
analysis; therefore, the affected side and gender
were not taken into consideration.

Kruskal-Wallis, Mann-Whitney U and Student’s
T test were used in the statistical evaluation.

Results

The center of rotation for the wrist was in the
mid-proximal third of the capitate, similar to adults.

Mean values and standard deviations of the mea-
surements are listed in Table 1 and statistical com-

Age Gender Side Scapholunate Carpal- 3rd metacarpal  Carpal Carpal height/ Carpal-ulnar
Girl/ Right/ distance ulnar length height length of distance/length of
Boy  Left distance 3rd metacarpal 3rd metacarpal
4-6 2/1 1/3 1+0 14.5£4.05 45.75+£5.86 24.13+4.67 0.52+0.05 0.38+0.12
6-8 2/1 1/2 41218 15.67£3.06 44%2.65 24.67+£3.52 0.56x0.05 0.35+0.08
8-10 32 1/4 5.48+2.8 1542434  47.67£593  25.543.15 0.54+0.07 0.32+0.06
10-12  6/1 0/7  3.124£3.17 18.89+2.76  52.45+7.15 25.23+4.74 0.48+0.11 0.3610.04
12-14 573 2/7 240.82 18.73£2.76  59.45+4.04 31.45+3.82 0.53+0.08 0.34£0.09
14-16  6/9 2/13  0.98+£0.3 19.82+3.27  63.54%5.1 33.44+4.9 0.52+0.08 0.31£0.04
Total  24/17 7/36  2.86£2.59 18.15£3.54 55.324£8.83  29.12£5.75 0.52+0.08 0.34£0.07

* Measurements are in milimeters.
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Table 2. Statistical comparison of all patient values with those of adults

Scapholunate Carpal-ulnar  Length of Carpal Carpal height/ Carpal-ulnar distance/
distance distance  3rd metacarpal height Length of 3rd Length of 3rd
metacarpal metacarpal
Kruskal-Wallis 12.97 11.31 26.11 21.366 2.018 5
Degree of freedom 5 5 5 5 5 5
All groups p<0.05 p<0.05 p<0.01 p<0.01 p>0.05 p>0.05

* All distance and length measurements are mean values in milimeters.

parisons of different age groups in Table 2.

Carpal height (p<0.01), carpal-ulnar distance
(p<0.05) and length of the third metacarpal (p<0.01)
showed statistically significant differences between
all groups.

The ratio of carpal height to length of the third
metacarpal did not demonstrate a statistically signif-
icant difference compared to the adult value
(0.54£0.03), in terms of the mean group value and
age groups themselves (p>0.05). Similarly, the ratio
of carpal-ulnar distance to length of the third
metacarpal was not significantly different from the
adult value of 0.30+0.03 (p>0.05).

For the scapholunate distance, the mean value of
the whole group showed a significant difference of
<2 mm from the adult value (p<0.05). When differ-
ent age groups were compared with the adult values,
statistical evaluation could not be performed since
there was only one measurement in the group 4-6
years, in the 6-8 years group, the measurement was
found to be similar to adult values, all the other
groups showed significantly higher results than adult
values (p<0.05).

A radiographical demonstration of all measure-
ments are shown in Figure 1.

In some radiographs, the contours of the
scaphoid and the lunate bones were superimposed;
thus, these patients were not included in the groups
(Figure 2).

Discussion

Kinematic indices of the wrist and ratios deter-
mining the discrimination between normal and
pathological conditions are defined in the literature,
using AP radiographs of skeletally mature patients.””
* Standardized values obtained from these measure-
ments are used in the diagnosis of wrist pathologies
of all age groups.

The adult values we have used in comparing dif-
ferent age groups were 0.5410.03 for carpal height,
0.30+0.03 for ratio between carpal height and length
of third metacarpal and < 2 mm for the scapholunate
distance.

In children, the epiphysis, metaphysis and carti-
lage bodies absorb most of the impaction forces.
Therefore, rupture of the scapholunate ligament is
a rare type of traumatic lesion for skeletally imma-
ture people.”™ The scaphoid shows an exantric
ossification and his ossification is symmetrical in
rate. This finding causes comparative evaluation of
scapholunate measurement using the contralateral
wrist inaccurate.!”

Length of 3rd
metacarpal

Carpal
height

Carpal-ulnar
distance

Center of
rotation of the
wrist

Scapholunate
distance

Figure1. AP radiograph of the wrist of a seven year-old boy.
Center of rotation is determined, scapholunate dis-
tace, carpal-ulnar distance,length of third
metacarpal are measured.
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In the literature there was only one study aiming
to determine the scapholunate distance chronologi-
cally according to bone age measurements.” There
was no other data, reporting the pediatric values for
the other ratios discussed.

Patients were grouped according to chronologi-
cal age.

The predominant cartilage structure in children
causes a different AP radiograph compared to adults.
Carpal height, carpal-ulnar distance and length of
third metacarpal showed statistically significant dif-
ferences in all age groups. However, the ratios were
similar both among different groups and with adult
values. The center of rotation was the same in chil-
dren and adults. The scapholunate distance was sig-
nificantly different in various age groups and was
higher than the adult values. Despite the presence of a
study” indicating that a measurement of up to 5 mm
could be taken as normal scapholunate values for
asymptomatic wrist not having the cortical ring sign,
we have taken the standard 2 mm as the upper limit of
normal.

Working on the radiograph we also have encoun-
tered a previously reported problem concerning the

L 1 i

Figure 2. AP radiograph of the wrist in a thirteen year-old
girl. Scapholunate distance could not be mea-
sured.

scapholunate distance. The scapholunate distance
could not be determined in some AP radiographs
since the bony contours could not be differentiated. In
some studies this problem was solved by taking radi-
ographs in different positions or with different tube
angles; thus distinguishing the scapholunate inter-
val."'"" In our study, we have excluded some cases
due to inability to perform measurements, since we
have used contralateral AP radiographs used for com-
parison with the affected side.

In our study, we have reviewed the criteria indi-
cated for evaluating wrist pathologies for the pediatric
population. According to our results, we have con-
cluded that normal adult values obtained from radi-
ographs were not appropriate criteria to diagnose
scapholunate dissociation. The major drawback of the
study was the limited number of patients, causing side
and gender differentiation to be impossible.
Therefore, our study should be evaluated as a prelim-
inary study, until another larger study aiming to con-
tribute to the standardization of the pediatric wrist is
performed.

References

1. Gilula LA. Carpal injuries: analytic approach and case exer-
cises. AJR Am J Roentgenol 1979;133:503-17.

2. McMurtry RY, Youm Y, Flatt AE, Gillespie TE. Kinematics
of the wrist. II. Clinical applications. J Bone Joint Surg [Am]
1978;60:955-61.

3. Taleisnik J. Post-traumatic carpal instability. Clin Orthop
1980;(149):73-82.

4. Belsole RJ. Radiography of the wrist. Clin Orthop 1986;
(202):50-6.

5. Kaawach W, Ecklund K, Di Canzio J, Zurakowski D, Waters
PM. Normal ranges of scapholunate distance in children 6 to
14 years old. J Pediatr Orthop 2001;21:464-7.

6. Gerard FM. Post-traumatic carpal instability in a young
child. A case report. J Bone Joint Surg [Am] 1980;62:131-3.

7. Cook PA, Kobus RJ, Wiand W, Yu JS. Scapholunate liga-
ment disruption in a skeletally immature patient: a case
report. J Hand Surg [Am] 1997;22:83-5.

8. Dautel G, Merle M. Scapholunate dissociation in the skele-
tally immature carpus. J Hand Surg [Br] 1997;22:173-4.

9. Cautilli GP, Wehbe MA. Scapho-lunate distance and cortical
ring sign. J Hand Surg [Am] 1991;16:501-3.

10. Moneim MS. The tangential posteroanterior radiograph to
demonstrate scapholunate dissociation. J Bone Joint Surg [Am]
1981;63:1324-6.

11. Kindynis P, Resnick D, Kang HS, Haller J, Sartoris DJ.
Demonstration of the scapholunate space with radiography.
Radiology 1990;175:278-80.



