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ABSTRACT 
Background: Distal radius fractures are arguably the most common orthopedic injuries encountered by the treating ortho-
pedic surgeon. Correction of dorsal tilt and radial height is important to restore the normal biomechanics of the wrist joint. 
The aim of this study is to report the morphometry of the distal radius in a South Indian population and give a comparison 
to similar studies of other races and populations.
Methods: Three hundred and ten consecutive plain radiographs of the wrist joint were included in all the radiographs. 
Four radiological parameters were studied in all the radiographs namely radial height, radial inclination, ulnar variance and 
palmar tilt. Radiographs that were not centered on the wrist joint or rotated were excluded from the study. Only radiographs 
of the distal radius with fused physis were considered in this study.
Results: The mean value of the radial height was 0.88cm with a standard deviation of 0.26cm. The mean radial height for 
males was 0.92 ± 0.27cm and in females was 0.81± 0.23cm (p=0, which is significant). The mean radial inclination was 
21.58 ± 3.35o. The palmar tilt averaged 11.36 ± 3.16o. The ulnar variance was neutral in 110 males (56.4%) and 66 females 
(57.4%).
Conclusion: The morphometry of the distal radius varies with race, ethnicity, and build of the patient. Thorough knowledge 
of the morphometry of the distal radius of the local population becomes critical for the treating surgeon. In this study, we 
attempt to publish our results of our study of the radiological parameters in the South Indian population.
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Introduction
Fractures of the distal end of radius form 8-15% of 

upper limb trauma [1]. The knowledge of the morpho-
metry of the distal radius is important to understand: 
the fracture pattern, to guide a closed reduction of the 

fracture, distal radius plate design, and biomechanics. 
Anatomical reduction of these fractures is critical in 
restoring normal function and movement of the wrist 
joint. Distal radius morphometry is extremely critical 
for normal wrist biomechanics, which has been studied 
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and reported before. Radial height, radial inclination, 
palmar tilt and ulnar variance are the four important 
parameters to describe the distal radius morphometry 
[2]. Short WH et al., in their experimental cadaveric 
study described the importance of reduction in the pal-
mar tilt, leading to increased dorsal angulation, results 
in increased loading of the distal radioulnar joint due to 
increased contact pressure on the articular surface be-
tween the sigmoid notch and ulnar head [3].

Negative ulnar variance predisposes to avascular 
necrosis of the lunate bone due to increased loading on 
the capitate-lunate-radius axis [4]. In 1984, Palmer and 
Verner studied that the radiocarpal joint bore 82% of 
the axial force to the wrist joint and 88% load by the ul-
nocarpal joint [5]. A positive ulnar variance of 2.5 mm 
resulted in increased loading of the ulnocarpal joint 
up to 42%. On the contrary, negative ulnar variance 
decreases compression load borne by the ulnocarpal 
joints up to 4.3% [3-6]. 

Understanding the normal distal radius morphom-
etry is essential when treating the distal radius fractures 
[7]. Western data of the radiographic anatomy of the 
distal radius are followed by and large, by most ortho-
pedic surgeons in our country. This study has two aims, 
firstly to analyze the normal distal radius morphometry 
in a South Indian population and secondly provide a 
database for further analytical or experimental studies. 
This study was taken upon by us based on our review 
of the literature showed us that authors found signifi-
cant variations of these parameters in the Malaysian, 
Indonesian and parts of the Indian populations as well 
[1,2]. This study aimed to study the morphological 
differences of the distal radius in the ethnic subset of 
the South Indian population. This study has never been 
done before, and hence knowledge of the variations of 
these parameters in the South Indian populations is an 
unknown entity. The authors believe that the results 
of this study are necessary for orthopedic surgeons to 
effectively evaluate the treatment of distal radius frac-
tures and whether they need to follow the OTA crite-

ria. OTA is the more commonly followed guideline for 
fracture reduction in current orthopedic practice [1-3].

Methods
This is a retrospective study carried out at a ter-

tiary care hospital in Mysore, India from January 2017 
to June 2017. This study was approved by the Insti-
tutional Review Board of our university ( JSSMC/
IEC/11/2007/2017-18). Consecutive wrist radio-
graphs of patients who presented with wrist related 
complaints in the outpatient department of Orthope-
dics during the study period were evaluated. The radi-
ographs were taken using standard radiographic proto-
col. Only true anteroposterior and lateral radiographs 
of the wrist were considered in the study. No compar-
ison was made between the right and left wrist of each 
patient. Films that were rotated or not centered on 
the wrist were excluded. Only wrists with closed phy-

Figure 1. Radial inclination.

Figure 2. Palmar tilt.
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Figure 3. Radial height.

Graph 1. Distribution of male and female population.

Graph 2. Distribution of radial height, radial inclination, and palmar 
tilt of subjects.

Figure 4. Ulnar variance.

seal plates were included in the study. All radiographs 
were corrected for magnification and reviewed by the 
same team of authors so as to negate interobserver dif-
ferences. Parameters evaluated included radial incli-
nation (Figure 1), palmar tilt (Figure 2), radial height 
(Figure 3) and ulnar variance (Figure 4).  The data was 
analyzed using SPSS Statistical software version 21 for 
Windows. Comparison of means was carried out using 
Mann-Whitney U Test, Chi-square test, Kruskal-Wallis 
Test with significance set at p<0.05.

Results
A total of 310 plain radiographs of the wrist joint 

were analyzed in this study. There were 195 males 
(62.9%) and 115 female patients (37.1%) (Graph 1). 

The mean age of the study population was 39.2 ± 16.2. 
The age ranged from 16 to 96 years.

The mean value of the radial height was 0.88cm 
with a standard deviation of 0.26cm (Graph 2). The 
mean radial height for males was 0.92 ± 0.27cm and in 
females was 0.81± 0.23cm (p=0, which is significant) 
(Graph 3). The mean radial inclination was 21.58 ± 
3.35o. The mean radial inclination in males was 21.7± 
3.38o and in females was 21.38 ± 3.31o (p=0.43, not sig-
nificant) (Graph 4). The palmar tilt averaged 11.36 ± 
3.16o.  The mean palmar tilt in males was 11.62 ± 3.30o 
and in females was 10.92 ± 2.86o (p=0.59, not signifi-
cant) (Graph 5) (Tables 1,2).

The ulnar variance was negative in 70 males 
(35.9%) and 38 females (33%). The ulnar variance was 
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Graph 3. Distribution of radial height based on gender.

Graph 4. Distribution of radial inclination based on gender.

Graph 6. Distribution of ulnar variance in subjects based on gender.

Graph 5. Distribution of palmar tilt based on gender.

Table 1. Distribution of radial height, radial inclination, and palmar 
tilt of subjects.

Sl.No Parameter Mean SD

1. Radial height (cms) 0.88 0.26

2. Radial inclination (0) 21.58 3.35

3. Palmar tilt (0) 11.36 3.16

Table 2. Distribution of radial height, inclination and palmar tilt ac-
cording to gender.

Sl.No Male
(Mean ± SD)

Female
(Mean ± SD)

p
value

1. Radial height 
(cms) 0.92 ± .27 0.81± .23 0.000 

(Sig.)

2. Radial 
inclination (0) 21.7 ± 3.38 21.38 ±  3.31 0.430

3. Palmar tilt (0) 11.62 ± 3.30 10.92 ±  2.86 0.59

Test done = Mann Whitney u –test

Table 3. Distribution of ulnar variance according to gender.

Sl.No Ulnar variance Male (%) Female (%)

1. Negative 70 (35.9) 38 (33.0)

2. Neutral 110 (56.4) 66 (57.4)

3. Positive 15 (7.7) 11 (9.6)

Chi-square value = 0.484, d.f = 2, p-value = 0.785 (not-significant)

neutral in 110 males (56.4%) and 66 females (57.4%). 
Positive ulnar variance was observed in 15 males (7.7%) 
and 11 females (9.6%). Chi square value = 0.484, p val-
ue = 0.78 (Table 3) (Graph 6).

The mean radial height was observed to be the 
least in the age group of more than 60 years (0.82+/- 
0.23cm) and the highest in the patients aged less than 
30 years (0.90+/-0.28cm). The mean radial inclination 
was similar in all age groups varying from 21.08±3.78o 
to 21.83± 3.56o. The mean palmar tilt, however, was 

least in the age group above 60 years (10.64 ± 3.14o) 
and was the highest in the age group less than 30 years 
of age (11.43 ± 3.28o) (Table 4).

The mean ulnar variance was found to be a negative 
ulnar variance in 48.6% of the patients aged less than 30 
years. However, the mean ulnar variance was observed 
to be neutral in 51.7% and 65.4% of the patients aged 
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Table 5. Distribution of ulnar variance according to age group.

Sl.No Ulnar variance ≤ 30 yrs 
(%)

31-60 yrs 
(%)

≥ 60 yrs 
(%)

1. Negative 52 (48.6) 65 (36.9) 5 (19.2)

2. Neutral 43 (40.2) 91 (51.7) 17 (65.4)

3. Positive 12 (11.2) 20 (11.4) 4 (15.4)

Chi-square value = 8.895, d.f = 4, p-value = 0.062 (not-significant)

Table 4. Distribution of radial height, inclination and palmar tilt ac-
cording to age group.

Sl.No Parameters ≤ 30 yrs 31-60 
yrs ≥ 60 yrs p

value

1. Radial height 
(cms)

0.90± 
.28

0.88± 
.26

0.82 ± 
.23 0.210

2. Radial 
inclination (0)

21.83± 
3.56

21.46± 
3.04

21.08± 
3.78 0.509

3. Palmar tilt (0) 11.43± 
3.28

11.42 ± 
3.00

10.64 ± 
3.14 0.494

Test done = Kruskal-Wallis test.

Table 6: Comparison between our study and earlier reported studies.
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Radial 
inclination(o)

21.58 ±
3.35

Total: 25.05
Left: 24.0
Right: 25.6

Left:21.8±2.5 
Right:22.1 ± 2.9

27o ± 
3.18o

24 
(19-29) 30 Not 

reported
Not 
reported 16-28 23

(13 – 30)

Palmar tilt(o) 10.92o ± 2.86o to 
11.62o ± 3.30o Not reported

Left: 8.2 ± 2.9
Right: 9.1±2.0
(p=0.05)

13.0 ± 
3.57

Not 
reported 6 Not 

reported
Not 
reported 0-18

11
(1-21)

Radial height 0.88 ± 0.26 cm Left: 10±0.13mm
Right: 9.7±0.14

Left: 11±1.4
Right: 10.8±1.5

Not 
reported

Not 
reported

Not 
reported

11.36±
1.66

Not 
reported

Not 
reported

Not 
reported

Ulnar 
variance(mm)

Neutral (56.7%)
Negative (34.8%)
Positive (8.4%)

Not reported Not reported 0.13 ± 
0.70 -4.2±2.3 -40.1±1.4 Not 

reported
0.66±
2.46 -2.5±3.1 Not 

reported

between 30 and 60 years and the patients aged more 
than 60 years respectively (Table 5).

Discussion
Orthopedic surgeons treating distal radius frac-

tures classically use the available reference values of 
Gartland and Werley as a standard while treating these 
injuries [8]. The authors, however, feel that the mor-

phometric parameters vary from country to country, 
race, ethnic background and build of the patient. 

Chan et al. found that ulnar variance was statisti-
cally variable (significant) in the Chinese and Malay-
sian population [2]. Hadi et al. studied that there was 
a statistically significant difference in the radial height, 
inclination, palmar tilt and ulnar variance between the 
male and female subjects of the Indonesian population 
[9]. Gelberman RH et al. established that negative ul-
nar variance was commonly observed in Whites and 
was more susceptible to suffer from Kienbock's disease 
[10].

In our study, the radial inclination was 21.58 ± 
3.35o. Prithishkumar et al. in their study observed the 
mean radial inclination to be in the range of 21.8 ± 2.5o 

to 22.1 ± 2.9o [11]. Chan et al. in his study observed 
the mean radial inclination to be 25.1 ± 3.42o [2]. The 
Orthopedic Trauma Association (OTA) criteria have a 
standard reference value of the radial inclination to be 
23o (Range 13o to 30o) [8,11].

The palmar tilt in our study was 10.92 ± 2.86o to 
11.62 ± 3.30o. Chan et al. observed the average palmar 
tilt in the Malaysian population to be 12.6 ±3.55o [2]. 
The OTA reference value for palmar tilt ranges from 1o 

to 21o [8,11].
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The mean Radial Height observed in our study was 
0.88 ± 0.26 cm which was statistically significant at p < 
0.05. Hadi et al. published that the mean radial height 
in the Indonesian population was 11.31 ± 1.66 mm [9]. 
The OTA reference value is 1.1 to 1.3cm [8,11].

This could probably mean that orthopedic sur-
geons tend to over distract the distal radius during pro-
cedures like ligamentotaxis and plating in order to meet 
the required acceptable radiographic criteria. Over dis-
traction of the distal radius could lead to the excessive 
strain of radio-carpal ligaments which in turn leads to 
the suboptimal functional outcome of these injuries in 
terms of hand grip and range of movements of the dis-
tal radius.

The mean ulnar variance in our study was neutral 
in 176 patients (56.7%). A negative variance was ob-
served in 108 patients (34.8%) and positive variance 
was observed in 26 patients (8.4%). The OTA reference 
value for ulnar variance is the neutral variance [8,11]. 
Chan et al. [2] observed that the mean ulnar variance 
was a positive variance of 0.13 ± 0.72mm. Mishra et al. 
[11] in their study of the Indian population observed a 
positive ulnar variance if 0.66 ±2.46mm [10]. However 
in our study there was a higher tendency was negative 
ulnar variance (Tables 6,7).

Most studies did not reveal any significant sta-
tistical difference in the parameters between the left 
and right wrist of the same patient. There are very few 
studies discussing the gender-specific distribution of 
the morphometric parameters. In our study, only the 
radial height showed a statistical difference between 
the male and female population. Mishra et al. also ob-

Table 7. Comparison between our study and Orthopedic Trauma 
Association.

Our study OTA reference 
value

Radial inclination (o) 21.58 ± 3.35 13-30

Palmar tilt (o) 11.36 ± 3.16 1-21

Radial height (cm) 0.88 ± 0.26 1.1-1.3

Ulnar variance Neutral Neutral

served a similar statistical difference in the radial height 
between genders [11].

The earliest effect of malunited distal radius frac-
tures, on the normal biomechanics of the wrist joint, 
was described by Gartland and Werley in 1951 [8]. 
Their scoring system is used widely even till date to as-
sess the functional outcome of treatment of distal ra-
dius fractures. They observed that 31.7% of their cases 
had unsatisfactory results because the dorsal tilt was 
not corrected [8]. They also published that the loss of 
radial inclination had no appreciable effect on the final 
functional outcome of the patient. Altissimi M et al. in 
1984 [12] published a series of 297 patients with distal 
radius fractures conservatively. They observed that un-
satisfactory results were associated with a radial devia-
tion of <5o, dorsal tilt >15o [12]. A poor grip strength 
was also observed with a non anatomical reduction of 
the fracture [13,14]. Increased dorsal tilt could also 
lead to mid carpal instability as studied by Taleisnik J 
et al. [15].

The above evidence highlights the importance of 
restoring normal alignment of the distal radius in the 
event of a fracture.

As observed in our study the normal parameters 
vary significantly from the Western and East Asian 
population. The authors, therefore, feel the need to 
study independent populations and report the normal 
radiological parameters of the distal radius. 

Conclusion
This study provides an insight of the morphome-

try of the distal radius in the South Indian Population. 
A knowledge of the variations of these parameters in 
the local population allows the treating surgeon to be 
more efficient and thorough in his treatment of these 
extremely common fractures. A more expansile study 
with a larger population comparing them with cadaver-
ic parameters would give us better detail in defining the 
normal parameters for the Indian population.
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