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Introduction:
Th e relationship of radiographic morphology 
of distal radius with wrist biomechanics has 
been studied in various literatures. Four impor-
tant parameters of the distal radius are radial 
inclination, palmar tilt, radial height, and ulnar 
variance. If distal radial anatomy is not properly 
restored in patients with wrist trauma, function 
of the hand may remain poor even aft er healing. 
In 1987, Short, et al  conducted experiments 
on cadavers and expressed the importance of 
anatomic correction of palmar tilt1. Laboratory 
studies by Short et al. and Pogue et al. showed 

that 20 to 30 degrees of dorsal tilt altered the 
force distribution across the radiocarpal joint2. 
Decrease in palmar tilt resulted in an increased 
burden of ulna. Load pressure distribution on 
the joint surface of distal radius and ulna will 
also be more concentrated with increasing 
dorsal angulation. Changes due to the reduced 
value of radial inclination and radial height have 
also been reported by several studies. Stockley 
and Porter noted that dorsal angulation of more 
than 20 degrees and radial inclination of less 
than 10 degrees caused a loss of grip strength 
a2,3. Zemel found that more than 10 degrees of 
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dorsal tilt led to decreased wrist fl exion, and 6 
mm of radial shortening caused dysfunction of 
the distal radioulnar joint2,4.

Negative ulnar variance is one of the predispos-
ing factors of Kienbock’s disease. In 1984, in a 
biomechanical study on cadavers, Palmer and 
Werner concluded that axial force through the 
wrist was borne by radiocarpal joint 82% and 
ulnocarpal joint 18%. Positive ulnar variance 
of 2.5 mm resulted in increased loading on ul-
nocarpal joint up to 42%. Conversely negative 
ulnar variance will decrease compression loads 
borne by ulnocarpal joint up to 4.3%1,5.

Radiographic anatomy of distal radius is a very 
important component to be considered in the 
evaluation and treatment of injuries involving 
the wrist joint. Distal radial fractures are among 
the most common fractures of the upper extrem-
ity and represent approximately 1/6th of all frac-
tures treated in emergency department6,7. Th us, 
an understanding of the normal value of distal 
radius morphometry becomes very important 
in the management of distal radius fractures in 
order to maintain anatomical alignment8.

So far in daily practice we use normal value of 
distal radius radiographic parameters from west-
ern literature as a reference for the evaluation of 
acceptable value of post reduction distal radius 
anatomy. Gartland, Graham and Hastings de-
veloped radiographic criteria for the acceptable 
healing of distal radial fractures2,9,10. Th e aim of 
this study is to determine distal radius radio-
logical parameters of Pakistani population. Th is 
study also sought to compare the radiological 
parameters of distal radius between male and 
female subjects, because some researchers have 
claimed that there is diff erence in the values of 
the distal radius morphology based on gender 11.

Th is study provides a preliminary data for fur-
ther analytical or experimental research. Th e re-
sult may also become the reference for the evalu-
ation and treatment of distal radius fracture and 
injury in Pakistani population.

Methods:
In this study, we performed evaluation of pri-
mary data from the normal healthy wrists of 
patients presenting to the Department of Or-
thopedics Khalifa Gul Nawaz Teaching Hospi-
tal, Bannu with distal radius fractures from 1st 
January  2013 to 1st October 2013. We selected 
this sample data because it has been suggested 
by many authors in the literature to use mor-
phometery data of the healthy side as individual 
reference value for the treatment of distal radius 
injury because it was more suitable compared 
to population data11. For this study we selected 
400 subjects, both male and female with the age 
range of 20-50 years, as sample. True anteropos-
terior and lateral x ray was taken aft er subjects 
signed the consent for research. Subjects with 
previous history of trauma, fracture or defor-
mity to the healthy wrist were excluded from the 
study. Th ere data was collected with the help of 
a proforma which is constructed using the four 
distal radial parameters (Radial inclination, Pal-
mar tilt, Radial height, and Ulnar variance). 

Th e radial inclination was measured as the angle 
between a line joining the tip of the radial sty-
loid and the ulnar corner of the articular surface 
at the distal end of the radius and a line drawn 
perpendicular to the long axis of the radius1,2, 

10,11. (fi gure 1)
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On lateral view the angle created between the 
articular surface of the distal radius and a line 
perpendicular to the long axis of the radius de-
noted the palmar tilt1,2,10,11.(fi gure 2)

Radial length was measured from the PA ra-
diograph; this is the distance between two per-
pendiculars to the long\ axis of the radius, one 
drawn at the tip of the radial Styloid process and 
one drawn at the distal articular surface of the 
ulna1,2,10,11. (fi gure 3)

Ulnar variance is the distance measured from 
horizontal line perpendicular to the axis of ulna 
at the level of the base of ulnar styloid process 
to the horizontal line perpendicular to the axis 
of radius at the level of lunate fossa or the most 
proximal part of distal radius evaluated from 
true AP projection of the wrist1,2,10,11.(fi gure 4)

Positive ulnar variance is when the horizontal 
line at the base of ulnar styloid process is more 
distal than the horizontal line at the base of lu-
nate fossa (Figure 4). Conversely, negative ulnar 

variance is when the horizontal line at the base 
of ulnar styloid process is more proximal than 
the horizontal line at the base of lunate fossa.

Results were compared between male and fe-
male gender, and also compared to OTA ref-
erence value. Because data distribution was 
not normal, statistical analysis was done using 
Mann-Whitney test in SPSS statistical soft ware 
for Windows version 17.

Results:
300 subjects (200 male and 100 female) were 
studied in this research with mean age 25.50 
years old (range 20-50).

Th e mean of radial inclination was 23.99 ± 3.75°, 
palmar tilt 13.76 ± 4.36°, radial height 11.31 ± 
1.66 mm, and ulnar variance -0.45 ± 2.03 mm 
(Table 1). Th ere were also statistically signifi -
cant diff erences between radial inclination, pal-
mar tilt, radial height, and ulnar variance be-
tween male and female gender (Table 2). Male 
subjects tend to have negative ulnar variance 
and female subjects tend to have positive ulnar 
variance (Table 2).

Table 1. Distribution of radial inclination, palmar tilt, 
radial height, and ulnar variance from 400 subjects

Parameter               Mean ± SD
Radial inclination 23.99 ± 3.75°
Palmar tilt 13.76 ± 4.36°
Radial height 11.31 ± 1.66 mm
Ulnar variance -0.45 ± 2.03 mm
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Table 2. Distribution of radial inclination, pal-
mar tilt, radial height, and ulnar variance be-
tween male and female subjects:

Parameter Median (range) P*
Male Female

Radial incli-
nation

25° (15°-35°) 22° (12°-29°) 0.005

Palmar tilt 14° (1°-30°) 15° (4°-26°) 0.017

Ra-
dial height 
(mm)

11(7-15.5) 12 (8-16) 0.006

Ulnar vari-
ance (mm)

-1(-5-3) 1 (0-5) 0.005

Discussion:
Th e relationship between radiological anatomy 
and biomechanic of distal radius has been stud-
ied extensively in many literatures. Radiocarpal 
articular congruity remains the most clinically 
signifi cant radiographic parameter regarding 
both functional outcome and future degen-
erative changes. Th e threshold for acceptable 
amounts of radiographic congruity remains 
somewhat controversial. Clinical studies have 
implicated the loss of the normal 11 to 12 de-
grees of palmar tilt as having a signifi cant eff ect 
on functional outcome. Gartland and Werley 
concluded that residual dorsal tilt has a more di-
rect eff ect on outcome than residual radial devia-
tion, radial shortening, or loss of integrity of the 
radioulnar joint12,13. In a retrospective review, 
Kopylov  found that loss of as litt le as 12 degrees 
from the normal tilt resulted in an 80% increased 
risk of radiographically apparent arthritis14. Mc-
Queen examined 30 patients with extra-articu-
lar fractures and found that loss of 12 degrees 
or more of the normal palmar tilt resulted in 
functional impairment when compared with 
fractures that healed at neutral or with a positive 
palmar tilt13,15. Porter felt that loss of function 
did not occur until at least 20 degrees of palmar 
tilt was lost3. Th e reason for the loss of function 
is probably multifactorial; however, cadaveric 
data have provided some potential explanations. 
Th e changes in palmar tilt aff ect not only radio-
carpal mechanics, but also radioulnar mechan-
ics. Short et al found that as litt le as a 10-degree 
loss of palmar tilt causes the area of maximum 

load on the radius to become more concen-
trated and to shift  dorsally. Th is change in load 
concentration may explain the clinical fi ndings 
relating dorsal tilt to radiographically apparent 
degenerative changes at long-term follow-up1,13. 
In addition, the change in palmar tilt increases 
the tension on the palmar and dorsal radioulnar 
ligaments resulting in an increased load required 
for forearm rotation13,16. Collapse of the radial 
metaphysis results in radioulnar incongruity13. 
(Adams found that shortening of the radius may 
result in signifi cant distortion of TFCC and may 
cause major changes in kinematics of the wrist, 
while the eff ect on radial inclination and dorsal 
angulation is not so signifi cant17.

Clinical studies have also indicated a strong 
correlation between radial length and loss of 
strength. McQueen found that more than 2 mm 
of radial shortening resulted in symptomatic 
loss of strength13,18. Jenkins found that not only 
was shortening of more than 4 mm associated 
with loss of strength, but it also correlated with 
pain13,19. 

Cadaver data indicate that the carpus shift s ul-
narly in response to loss of radial inclination, 
thereby resulting in increased load on the trian-
gular fi brocartilage complex (TFCC) and the 
ulna. Th is eff ect is not as severe as other defor-
mities, but clinical studies show a correlation 
between decreased radial inclination and de-
creased grip strength13,19. In addition, long-term 
follow-up indicates that this increases the risk of 
degenerative changes by 90%14.

Palmer and Werner  in a biomechanics study on 
cadaver found that axial force on distal radius was 
transmitt ed 82% through radiocarpal joint and 
18% through ulnocarpal joint5. Positive ulnar 
variance of 2.5 mm resulted in increased load-
ing on ulnocarpaljoint up to 42%. Meanwhile, 
negative ulnar variance decreased compression 
loads on ulnocarpal joint up to 4.3% 1,5. Th is was 
in accordance with the research performed by 
De Smet, et al  which found that negative ulnar 
variance was associated with Kienbock’s disease 
(avascular necrosis of the lunate), avascular ne-
crosis of scaphoid, and scapholunate dissocia-
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tion20. Conversely positive ulnar variance would 
result in excessive loading on ulnar compart-
ment that may cause triangular fi brocartilage 
complex (TFCC) degeneration and perforation 
as well as degenerative changes on carpal bone 
cartilage20. Morphometric descriptions of dis-
tal radius as proposed by Gartland, et al  is one 
reference adopted by most orthopaedic surgeon 
today including in Indonesia as a standard value 
in the evaluation and management of distal ra-
dius fractures. In his research, he found that the 
result of 60 cases (31.7%) was clinically unsat-
isfactory due to changes in palmar tilt, and the 
eff ect of decreased radial inclination was not 
clinically signifi cant12,22.

Altissimi, et al  in a long-term evaluation of 
297 cases of conservative distal radius fracture 
management found that clinically unsatisfac-
tory result was obtained if radial inclination was 
less than 5°, palmar tilt more than 15°, and ulnar 
variance more than 5 mm21. Hollevoet, et al sug-
gested using the contralateral side (healthy side) 
as an individual reference parameter which was 
more similar compared to values obtained from 
population data11,22.

Conclusion:
we conclude on the above facts that it is very im-
portant to restore the alignment of distal radius 
to the normal value. Until now most of clinicians 
in Pakistan  are still using parameters from west-
ern literature as reference. It is not wise because 
the results obtained here was quite diff erent 
from western literature (Table 3).

Table 3. Comparison between distal radius morphometry 
in this study (combined right and left  side) and reference 
value from Th e Orthopaedic Trauma Associaton (Gartland 
et al, 1951)

Parameter
Results of this 
study

OTA refer-
ence value9

Radial inclination 23.99 ± 3.75° 13°-30°

(20.24-27.74)°

Palmar tilt 13.76 ± 4.36° 1°-21°

(9.40-18.12)°

Radial height (mm) 11.31 ± 1.66 11-13

(9.65-12.97)

Ulnar variance 
(mm)

-0.45 ± 2.03 Neutral

(-2.45-1.58) 

From this study, it was known that the mean 
value of distal radius morphometry in Pakistani 
population are; radial inclination 23.99 ± 3.75°, 
palmar tilt 13.76 ± 4.36°, radial height 11.31 ± 
1.66 mm, and ulnar variance -0.45 ± 2.03 mm. 
Th ere were statistically signifi cant diff erences 
of those values between male and female. Mean 
radial inclination was greater in males, but the 
mean of palmar tilt, radial height, and ulnar vari-
ance was greater in female. Ulnar variance tends 
to be negative in male and positive in female.
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