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Background  
The wrist is a complex joint that plays a role in several everyday tasks. Various 
radiological indices have been created to assess the alignment and structure of the wrist 
using standard X-ray images. Nevertheless, these indicators may differ based on variables 
such as age, gender, ethnicity, handedness, and wrist position. This research aimed to 
assess the radiological indices of the wrist in a group of healthy people from Jordan and 
investigate the impact of age and gender on these indices. 

Methods  
We obtained data from a sample of 385 patients who presented at our hospital with 
minor non-specific wrist pain and satisfied the specified criteria for inclusion. We 
conducted measurements of radial inclination, radial height, volar tilt, ulnar variance, 
and carpal height ratio using both anteroposterior and lateral views of the wrist. We used 
linear regression and independent sample t-test to examine the correlation between age, 
gender, and radiological indicators. The reliability of the measurements was assessed 
using the intraclass correlation coefficient (ICC). 

Results  
Our study revealed a negative correlation between age and carpal height ratio (r = -0.13, 
p = 0.03). However, no significant gender differences were seen in any of the radiological 
indices (p > 0.05). Our findings indicate that ulnar variance had the greatest level of 
reliability across observers, with an intra-observer intraclass correlation coefficient (ICC) 
of 0.95 and an inter-observer ICC of 0.8. Conversely, volar tilt exhibited the lowest 
inter-observer reliability, with an ICC of 0.1. 

Our results provide a valuable point of reference for the wrist morphology and alignment 
in the Jordanian population. Our suggestion is that the carpal height ratio might indicate 
alterations in the wrist joint due to aging, whereas ulnar variation may serve as a 
dependable indicator of wrist alignment. We suggest doing more research to investigate 
the biological and anatomical factors behind these results and to compare them with 
other demographic groups. 

INTRODUCTION 

The wrist is a complex joint that consists of eight carpal 
bones and their articulations with the radius, ulna, and 
metacarpals. The wrist plays a vital role in various activities 
of daily living, such as grasping, writing, typing, and play
ing sports. Therefore, understanding the normal anatomy 
and morphology of the wrist is essential for diagnosing 
and treating various wrist disorders, such as fractures, os
teonecrosis, arthritis, and carpal instability.1 

One of the most common methods for assessing wrist 
anatomy is plain radiography, which is a simple, inexpen
sive, and widely available imaging technique. Plain radi
ographs can provide valuable information about the shape, 
size, position, and alignment of the carpal bones and their 
relationships with the adjacent bones.1However, plain radi
ography also has some limitations, such as projection er
rors, magnification errors, and interobserver variability.2 

To overcome these limitations, several radiological indices 
have been developed to quantify the wrist morphology us
ing measurements of distances and angles from specific 
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landmarks on the radiographs. These indices can help to 
characterize the normal wrist architecture and evaluate the 
deviations from normality in different wrist diseases.1 

Some examples of these indices are radial inclination, ra
dial tilt, radial height, ulnar variance, carpal height ratio, 
ulnar-carpal ratio, and radial-carpal ratio.2,3 

However, these indices may also vary depending on sev
eral factors, such as age, gender, ethnicity, handedness, and 
wrist position. Therefore, it is important to establish the 
normal values and ranges of these indices for different pop
ulations and compare them with the values obtained from 
patients with wrist disorders.2,4 

To getting precise and dependable measurements of 
these indices, it is essential to position the patient correctly 
for certain perspectives. Various perspectives, such as pos
teroanterior, lateral, oblique, and scaphoid, might unveil 
distinct facets of the wrist’s anatomy and disease.5 Incor
rect placement might result in inaccuracies in the mea
surements and misrepresentation of the findings.6 Conse
quently, we adhered to the established protocols for wrist 
radiography and verified that the patients were appropri
ately positioned for each perspective. 

In this study, we aimed to measure the radiological in
dices of the wrist in a sample of healthy Jordanian adults 
using plain radiographs and to analyze the effects of age 
and gender on these indices. We also compared our results 
with those reported in previous studies from different 
countries and regions. We hope that our findings will con
tribute to the existing knowledge of wrist morphology and 
provide a useful reference for clinicians who deal with wrist 
diseases in the Jordanian population. 

MATERIALS AND METHODS 

The study protocol of this study received ethics approval 
from our local ethics committee. We followed convenience 
sampling to collect our data. We studied all distal radius 
x-rays of patients who visited our hospital complaining of 
mild nonspecific wrist pain. Exclusion criteria included pa
tients with previous fracture around the wrist, patients with 
undiagnosed new trauma to the wrist, patients who re
ceived a soft tissue surgery involving the ligaments around 
the wrist, patients with diagnosed inflammatory arthritis, 
and patients with incomplete or improper x-rays. 

RADIOGRAPHIC ASSESSMENT 

Proper anteroposterior (AP) and lateral views for the wrist 
of 385 patients were included for measurements. On the 
lateral view, we measured volar tilt. Radiological indices 
calculated on the AP view were radial inclination, radial 
height, ulnar variance, and carpal height ratio. 

Volar tilt was measured as the angle between a tangen
tial line connecting both volar and dorsal rims of the lu
nate fossa in relation to a line perpendicular to the radial 
shaft axis. Measures with dorsal rather than volar tilt were 
recorded in negative valuesThe radial inclination angle was 
measured between a reference line perpendicular to the ra
dial shaft axis to a line representing the distal radius ar

ticular surface The distance in millimeters (mm), between 
two lines drawn perpendicular to the long axis of the radius 
on the AP projection from the apex of the radial styloid 
and level of the ulnar aspect of the articular surface, was 
noted as the radial height. The ulnar variance was recorded 
in (mm) as the distance between two tangential lines rep
resenting the distal articular surface of the radius and ulna. 
Values were recorded in a negative sign for patients with 
negative ulnar variance and in a positive sign for patients 
with positive ulnar variance. There was some deviated bad 
inter-observer variability due to the difficulty of its mea
surements ( the overlapping between the ulna and radius) 

We used the method of Youm to calculate the carpal 
height ratio. Carpal height was considered the distance be
tween the base of the third metacarpal and the point of in
tersection of the metacarpal axis with the radiocarpal joint. 
The resulting value was divided by the length of the third 
metacarpal. 

All radiographic measures were performed by an ortho
pedic specialist using a DICOM viewer software. We need to 
do the interobserver variability so we need specialists: an 
Orthopedic resident PGY5 , and a general physician who’s 
well trained for measuring the distal radius indexes. 

RELIABILITY 

For the assessment of intra-observer reliability, the x-rays 
of 75 randomly selected patients were assessed a second 
time by the specialist reader with a minimum of four weeks 
of interval between the readings. A second independent 
reader was asked to perform the same indices measure
ments for the previously randomly selected images for the 
assessment of inter-observer reliability. 

STATISTICAL ANALYSIS 

IBM SPSS 22 was used to perform statistical analysis for this 
study. Descriptive statistics including mean, standard de
viation, and range were recorded for patients demograph
ics and measured radiological indices. A linear regression 
model with Pearson’s correlation coefficient was used to 
study the relation between carpal height ratio and ulnar 
variance, the age of the patient, and all measured indices. 
An Independent sample t-test was used to compare radi
ological indices between different genders. For reliability 
analysis, ICC was used to measure inter and intra-observer 
reliability. A significant level was set at p <0.05. 

RESULTS 

Patients demographics are shown in Table 1. 

RADIOGRAPHIC INDICES 

Measurements from 385 X-rays of normal wrists (men and 
women), were used to determine normal indices and ratios 
among the Jordanian population. The mean radial inclina
tion was 21.9 degrees (Range 15-32.7 degrees), with a mean 
radial height of 12.6 mm (Range 8.4-18.9) and a mean volar 
tilt of 9.9 degrees. Ulnar variance ranged from -5.8 mm 
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Table 1. Patients demographics   

Demographics 

Age (Mean/SD) 41.5 (14.6) 

Gender F: 138 
M:247 

Side Left: 202 
Right:183 

Table 2.   

Indices Mean SD Range 

Radial inclination 21.9 2.3 15-32.7 

Radial height (mm) 12.6 1.7 8.4-18.9 

Volar tilt 9.9 1.9 1.05-15.3 

Ulnar variance (mm) -0.3 2.0 -5.8-4.1 

Carpal height ratio 0.5 0.06 0.4-1.5 

Table 3. Effect of age on radiological indices       

Pearsons R P value 

Radial inclination -0.04 0.5 

Radial height (mm) -0.09 0.1 

Volar tilt -0.05 0.4 

Ulnar variance (mm) 0.07 0.2 

Carpal height ratio -0.13 0.03 

Table 4. Gender-related comparison of different radiographic measures       

Male Female P value 

Radial inclination 21.9 (2.3) 21.7 (2.3) 0.5 

Radial height (mm) 13.1 (1.7) 11.9 (1.4) 0.1 

Volar tilt 9.8 (1.9) 10.0 (1.9) 0.9 

Ulnar variance (mm) -0.31 (2.0) -0.38 (2.2) 0.4 

Carpal height ratio 0.53 (0.04) 0.52 (0.09) 0.3 

(negative ulnar variance) to 4.1 mm, with a mean of 9.9 
mm. The mean of the calculated carpal height ratio using 
the method of Youm was 0.5 (Range 0.4-1.5). 

In the assessment of the relation of age with measured 
radiological indices, the carpal height ratio showed a statis
tically significant negative but weak correlation to the in
creasing age of the patients. All other indices had a weak 
and statistically insignificant correlation to the age of the 
patient. (Table 3) 

A comparison of the different radiographic measures be
tween males and females did not show any statistically sig
nificant difference between the two groups. (Table 4) 

RELIABILITY OF RADIOGRAPHIC MEASUREMENTS: 

In the analysis of X-ray measurement reliability, we fol
lowed the guidelines of selecting the intraclass correlation 
coefficient (ICC) reported by Koo et al. Randomly selected 
X-rays of 75 patients (two views) were used to perform reli
ability measures. 

For intra-observer reliability, (ICC two-way mixed effect, 
absolute agreement), a single measurement model was cal
culated. Ulnar variance had the best intra-observer reliabil
ity (ICC = 0.95). All the other indices had moderate to ex
cellent intra-observer reliability. 

inter-observer reliability, ICC two-way mixed effect, ab
solute agreement, and a single measurement model were 
calculated. The same trend has been noticed as ulnar vari
ance had a good inter-observer reliability (ICC=0.8) and 
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Figure. inter-observer and intra-observer reliability of reading different radiographic measures.           

volar tilt had a poor reliability (ICC= 0.1). Results are re
ported in the figure. 

DISCUSSION 

The most common method for assessing the bone com
ponents of the wrist is plain radiography.5Carpal indices 
were created using distances and angles determined from 
bone landmarks on lateral and posteroanterior (PA) radi
ographs to characterize normal wrist architecture and eval
uate anomalies. More and more, it is thought that morpho
logical differences in the wrist structures might contribute 
to disorders with the wrist.6 . Changes in radiographic 
carpal bone measures can be used to track the evolution 
of degenerative disease, carpal instability, osteonecrosis, 
and osteoarthrosis.3 The position of the wrist, forearm, and 
arm, as well as the orientation of the X-ray beam, have all 
been proven to alter the appearance and placement of the 
osseous landmarks, and hence the measurements.7,8 

These indices are employed in the detection and therapy 
of wrist disorders. Examples of measurements that may be 
used to diagnose and assess distal radius fractures include 
radial inclination, radial tilt, radial height, and ulnar vari
ance.9 Also, lunate osteonecrosis and osteoarthritis carpal 
collapse may be evaluated using the carpal height ratio. 
Moreover, the ulnar-carpal ratio and radial-carpal ratio can 
show us carpal translocation and misalignment, which are 
symptoms of wrist arthritis.10,11 Physicians have been able 
to identify small angulations and aberrant bone and joint 
connections using precise measurements from X-rays. 
However, the normal side does not give a better reference 
than normal values acquired from databases due to the 
variability between the right and left wrist, radial inclina
tion and radial tilt of the distal radius, and ulnar variance.12 

Our study revealed that there is a negative correlation 
between carpal height ratio and age. However, there is no 
relationship between age and other radiological indices. 

Also, our study showed that there is no difference be
tween males and females in all radiological indices. We also 
found that ulnar variance had the best intra-observer and 
inter-observer reliability, while volar tilt had the worst in
ter-observer reliability. 

In terms of the gender of patients, Jafari et al showed no 
difference between the gender of the patient and radiolog
ical indices.9 On the other hand, Mona et al showed there 
is a statistically significance difference between gender and 
radiological indices6 

Our research, like all others, had certain limitations. One 
of the constraints was the risk of incorrect measurement 
due to operator-related radiograph-taking approaches. The 
second drawback was that we selected healthy relatives of 
patients, who may not be representative of the general Jor
danian population. 

The data obtained from radiological indices has impor
tant clinical implications. We can increase diagnosis ac
curacy and adjust treatment techniques more effectively 
by better understanding wrist anatomy and its variability. 
Combining radiological data with various diagnostic 
modalities may give a more thorough view of wrist health 
as medical imaging technology progresses. 

Finally, radiological indices obtained from plain radi
ographs are quite useful for evaluating wrist morphology 
and diagnosing different wrist diseases. These measures 
give doctors critical information about wrist health, espe
cially in situations of fractures, osteonecrosis, and arthri
tis. The discovery of a negative association between carpal 
height ratio and age in our study, as well as the investiga
tion of gender-related variances, provides vital knowledge 
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to the area. The literature’s conflicting results about gender 
differences highlight the need for more study to completely 
understand the delicate linkages between wrist morphol
ogy, gender, and associated illnesses. 
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