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Distal radius: anatomical morphometric gender characteristics.
Do anatomical pre-shaped plates pay attention on it?
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Abstract

Introduction The purpose of the study was to investigate

differences in the osseous structure anatomy of male and

female distal radii.

Methods Morphometric data were obtained of 49 distal

human cadaveric radii. An imprint of the distal edge was

attained using silicone mass and the palmar cortical angle

(PCA) of the lateral and intermediate column, here

declared as medial, according to the concept of Rikli and

Rigazzoni. The lateral and medial length and five widths

were digitally measured by three observers. In order to

compare the measurements an unpaired t test was used. To

prove the reliability of the measurements an intraclass

correlation analyses was done.

Results Overall mean medial PCA was 148.25�
(SD ± 6.83) and mean lateral PCA 156.07� (SD ± 7.00).

In male specimens, the mean medial PCA was 147.38�
(SD ± 6.01) and mean lateral PCA was 153.6�
(SD ± 6.20) whereas in female specimens, the mean

medial PCA was 149.41� (SD ± 7.79) and the mean lateral

PCA 159.37� (SD ± 6.78), with statistical significance for

the female lateral PCA. No gender significant difference

for the medial PCA and no significant side difference for

the PCA’s could be found. The ICC of the observers was

r = 0.936 and 0.976 for the medial and for lateral PCA

0.957–0.984. The palmar cortical length of the distal radius

was significantly longer in male specimens. For all widths,

larger values for male radii were measured, being statisti-

cally significant in all cases.

Conclusion Male dimensions concerning the wide were

significantly larger when compared with females. Regard-

ing the PCA at the medial and lateral column, we found

significant difference for lateral PCA concerning the gen-

der. Overall, study results demonstrated an angle of

148.25� ± 6.83 for the medial PCA and 156.07� ± 7.00

for the lateral PCA.

Keywords Distal radius � Palmar plate � Palmar cortical

angle � Anatomy � Distal radius fractures

Introduction

Limited contact internal locking plates are considered to be

the gold standard in treating distal radius fractures. Ana-

tomical precontoured plates were developed to restore the

distal radius in its original anatomical position. The shape

and contour of the plates and locking screw mechanism are

continuously improved, and the manufacturers of the ana-

tomical plates claim that no intraoperative adjustment like

bending is necessary. The distal edge of palmar locking

plates is designed to be placed against the watershed line.

In theory and under the condition that the plate fits the

anatomy, it functions as a template and can be used for
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reduction by performing the lift-off-technique as described

by Schneppendahl et al. [1]. If reduction is performed

properly, radiological parameters such as palmar tilt, radial

inclination and ulnar variance should be restored to genu-

ine conditions. The theory seems to be simple, but several

studies showed that the initial anatomy cannot be reliably

restored in all cases and that inadequate anatomic plate

design can result in imprecise fracture reduction [2–4].

Buzzel et al. [5] were able to verify a plate-bone contact

ranging from 3 to 6 % of the plate surface and concluded

that the plate geometry could be optimized. One important

parameter for plate geometry, which is not quantified in

detail actually, could be the palmar cortical angle (PCA) of

the distal radius cortex. The angle subtended between the

palmar lip and the radius shaft in the majority of current

available palmar plates differs between 155 and 165�
(Table 1). The current plate designs do not take into

account that the PCA differs between the medial and

intermediate column according to the three-column-con-

cept as described by Rikli and Regazzoni [6]. Although to

the best of our knowledge there are only two scientific

reports in the current literature addressing the slope of the

medial and intermediate column [7, 8]. While both studies

use CT scans for analyzing, no current study has investi-

gated the PCA using negative imprints of the distal radius

cortex.

The aim of this study was to independently obtain

reliable morphometric data on differences in the anatomy

of human distal radius concerning angle and size differ-

ences and in dependence of gender and side. It was

hypothesized that the angle of the lateral column differs

from that of the medial column. Furthermore it was aimed

to find out whether there is need for gender-specific plate

designs.

Methods and materials

Material

The surface anatomy of the distal radius was studied in 49

macerated human cadaver radii. There were 21 left-sided

and 28 right-sided specimens from 28 male and 21 female

donors with a mean age of 79 years (range 60–91) and

81 years (range 56–93).

All body donors consented in writing during their life-

time to the use of their body for research and education.

Standard radiographs of the wrist were obtained to exclude

any severe degenerative or posttraumatic changes which

might have influenced the parameters.

Two equal casts were taken from each palmar cortex,

beginning at the epiphyseal area and ending at the radius

shaft using a special C-silicone mass with low shrinkage

for accurate results (Optosil� Comfort Putty by Heraeus

Kulzer, Inc. (Hanau, Germany)). For each radius cast, the

authors created longitudinal and transversal slices using a

manual slicing machine to gain the same section thickness

for each slice. Thickness for the transversal slices was

3.0 mm and thickness for the longitudinal slices 1.3 mm.

The authors took two longitudinal slices, basing on the

three-column concept from Rikli and Rigazzoni [6]. One

slice was taken from the center of the lateral column and

one slice from the center of the medial column. All slices

were scanned by a flatbed scanner and then digitally

measured using the software Image J 1.48 [9].

Six measurements beginning at the epiphysis and ending

at the diaphysis were performed for each radius cast cut in

transversal direction to measure the palmar cortical width

(PCW), defined as the width of the palmar radius cortex

from the ulnar to the radial side. The slice with the trans-

versal cutting plane projecting 3 mm behind the scapho-

lunate facet of the distal radius was defined as reference

point ‘‘0’’ for the first width measurement as these section

planes correspond to the watershed line. This measurement

was repeated 3, 6, 9, 12 and 15 mm behind the reference

point (Fig. 1). Three observers (JO, MW, and JW) mea-

sured each slice. All observers were blinded to prior

measurements by the other observers. All examiners

received an intensive review of the measurement method

before the study.

Two measurements were carried out on each longitu-

dinal slice for the lateral and medial side (lateral and

medial column) (Fig. 2). The first was the palmar cortical

angle (PCA), defined as the angle between a first line

drawn parallel to the palmar cortex of the distal radius

epiphysis and a second line drawn concurrent to the radius

diaphysis. The second was the palmar cortical length

(PCL), defined as the length of the palmar radius cortex

Table 1 The palmar cortical angles of different current available

plates are presented (Manufacturer’s data)

PCA (�)

Synthes

2.4 VA LCP two Column 155

2.4 VA LCP extraarticular 155

Medaru’s

Aptus adaptive distal radius plate 165

2.5 TriLock 159

2.5 TriLock extraarticular 159

Königsee

Variable fixed-angle radius plate 5/3 holes 160

Variable fixed-angle radius plate 7/5 holes 160

Stryker

Variax distal radius 156
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between the vertex of the PCA and the distal end of the

radius epiphysis (Fig. 3).

Statistical analyses were performed using SPSS 22.0

(SPSS Inc., Chicago, IL, USA). Mean values, standard

deviations and intraclass correlation coefficient (ICC)

between the three observers were calculated. ICC values

were assessed in a two-way mixed model with absolute

agreement in 95 % confidence intervals. To validate that

the PCWs, PCAs, and PCLs in the present groups fitted a

Gaussian distribution, Kolmogorov–Smirnov tests were

performed prior to statistical analysis. Statistical analysis

was carried out using Student’s t test. The level of signif-

icance was set at p \ 0.05. The two-tailed test was used in

all cases.

Results

Palmar cortical angle

Overall significant differences could be found concerning

the lateral PCA in contrast to the medial PCA (p \ 0.01).

Another significant difference exits between the lateral and

medial length (p \ 0.01). The overall angle for the medial

PCA was 148.25� (SD ± 6.83) and the lateral PCA was

156.07� (SD ± 7.00).

The lateral PCA measured on male radii was different to

the one measured on female radii. Male specimens showed

a mean medial PCA of 147.38� (SD ± 6.01) and a mean

lateral of 153.6� (SD ± 6.20) whereas in female speci-

mens, the mean medial PCA was 149.41� (SD ± 7.79) and

Fig. 1 Left side Distal radius,

side views from the ulnar side.

The red line displays the cutting

plane ‘‘0’’. ?, Lunar facet; *,

Scaphoid facet. Right side Cast

sliced in transversional

direction. The yellow

highlighted slice is the slice in

cutting plane 0, followed by

slice 3–15

Fig. 2 Left side Distal radius,

view from palmar. Green lateral

column, blue medial column.

The red lines demonstrate the

cutting planes for the medial

and lateral slices. Right side

Cast cut in longitudinal

direction. Green Slice used for

measurements on lateral

column. Blue Slice used for

measurements on medial

column

Fig. 3 Measurements on longitudinal slices. On the upper side is the

slice from the medial column and on the lower side the slice from the

lateral column. * PCA between blue and green line. The green line

also indicates the palmar cortical length
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the mean lateral PCA 159.37� (SD ± 6.78). Hence, the

lateral PCA of the female distal radii was significantly

wider than the ones of the male distal radii (p = 0.003). No

significance for the medial PCA could be found among

males and females (p = 0.097) and there was no significant

side difference for the PCA’s (Table 2). The ICC regarding

medial PCA was between r = 0.936 and 0.976, for lateral

PCA 0.957–0.984.

Palmar cortical length

Overall, the PCL of the distal radius was significantly

longer in male if compared to female specimens

(p \ 0.001). The mean medial length was 11.86 mm

(SD ± 1.77 mm) and the mean lateral length was

10.27 mm (SD ± 1.86 mm) in male specimens. For female

specimens, the mean medial length was measured with

11.69 mm (SD ± 1.91 mm) and the lateral length with

9.81 mm (SD ± 2.46 mm) (Table 2).

The ICC ranged from 0.628 to 0.862 in length lateral

and 0.813–0.93 in length medial measurements.

Palmar cortical width

The overall PCW was 26.79 mm (SD ± 2.92) on position

B0 and as the radius becomes thinner up to its diaphysis,

PCW on position B15 was 20.68 mm (SD ± 2.73). For all

positions, larger values for male radii were measured,

being statistically significant in all cases. The comparison

between left and right-sided radii showed no significant

difference (Table 2).

The ICC for the measurements regarding the width (B0

to B15) of the distal radii ranged between 0.813 and 0.970

overall.

Discussion

In this study, we investigated the morphometric data of the

distal radius and the influence of gender and side. The

study results showed that significant difference between the

medial and lateral PCA could be found. The overall angle

for the medial PCA was 148.25� (SD ± 6.83) and the

lateral PCA 156.07� (SD ± 7.00). The analyses of the

influence of gender showed that the lateral PCA of female

specimens was significantly wider compared to the one of

male specimens (159.37� ± 6.78–153.6� ± 6.20). The

PCL was significantly longer in male specimens. Addi-

tionally, the width of male distal radius was significantly

wider as the female’s, too.

Numerous studies have demonstrated the importance of

anatomical restoration of distal radius fractures to reach good

functional results and normal biomechanics of the wrist [10,

11]. Early in the history of trauma surgery, some authors,

such as Gartland and Werly in 1951, pointed out that an

acceptable reduction of distal radius fractures depends on the

restoration of the palmar tilt [12]. Additionally Knirk and

Jupiter noted that patients with an articular step off greater

than 2 mm at the radiocarpal joint are involved in the danger

of posttraumatic arthritis [13]. Most recently, it was dem-

onstrated that a residual ulnar-positive deformity greater

than 5 mm is associated with unsatisfactory postoperative

Table 2 Distal radius dimension for gender (male n = 28; female n = 21). Specimens and side (right n = 27; left n = 21)

Overall Male Female Difference Right side Left side Difference

Mean = SD p Mean ± SD Mean = SD p p

Radius

PCA medial (�) 148.25 ± 6.83 p \ 0.001 147.38 ± 6.01 149.41 ± 7.79 0.097 148.50 ± 7.10 147.94 ± 6.64 0.273

PCA lateral (�) 156.07 ± 7.00 153.6 ± 6.20 159.37 ± 6.78 0.003 156.00 ± 8.30 156.15 ± 5.16 0.905

Length lateral

(mm)

11.79 ± 1.81 p \ 0.001 11.86 ± 1.77 11.69 ± 1.91 0.709 11.92 ± 1.92 11.62 ± 1.70 0.510

Length medial

(mm)

10.07 ± 2.13 10.27 ± 1.86 9.81 ± 2.46 0.399 9.37 ± 1.88 10.94 ± 2.13 \0.001

Width B0 (mm) 26.79 ± 2.92 28.31 ± 2.45 24.77 ± 2.20 0.003 25.53 ± 2.60 28.34 ± 2.56 0.261

Width B3 (mm) 27.19 ± 2.52 28.72 ± 2.06 25.16 ± 1.39 0.001 26.79 ± 2.69 27.70 ± 2.25 0.453

Width B6 (mm) 26.16 ± 2.61 27.35 ± 2.17 24.58 ± 2.31 0.008 26.01 ± 2.84 26.35 ± 2.34 0.124

Width B9 (mm) 24.31 ± 2.47 25.39 ± 2.13 22.86 ± 2.17 0.007 23.88 ± 2.67 24.83 ± 2.16 0.262

Width B12 (mm) 22.27 ± 2.74 23.47 ± 2.58 20.68 ± 2.08 0.001 21.34 ± 2.50 23.42 ± 2.63 0.328

Width B15 (mm) 20.68 ± 2.73 21.81 ± 2.64 19.16 ± 2.05 0.001 19.82 ± 2.22 21.73 ± 2.97 0.243

Data are given as means ± SD and differences regarding gender and side (p \ 0.05). PCA indicates palmar cortical angle and B0 is the width of

the radius, which corresponds to the Watershed line. B3, B6, B9, B12 and B15 are the measurements of width 3, 6, 9, 12 and 15 mm behind the

reference point B0

136 Arch Orthop Trauma Surg (2015) 135:133–139

123



outcome, the radio-ulnar deformity is also taken into account

[14, 15]. Furthermore the posttraumatic instability of the

distal radioulnar joint should be evaluated by a complex of

clinical and radiological tests [16]. The dorsal capsular

imbrication is a reliable and sufficient treatment option in

these cases [17]. To reach the aim of anatomical reduction,

precontoured distal radius plates need to have an anatomical

correct shape. Vromen et al. considered that positioning

anatomical plates may lead to residual errors in individual

patients. The study showed a large variation in positioning,

influenced by two factors: the subjective ‘‘best positioning’’

assessed by the surgeon and the plate design [3]. Although

manufacturers claim that there is no need to bend distal

radius locking plates, they nevertheless offer tools to bend

them if necessary. In this case, it still remains unclear if the

locking mechanism maintains its stability. Secondly, the

screws could alter their angle and penetrate into the radio-

carpal joint.

Additional requirements of the specific conditions of the

distal radius anatomy are necessary. Studies concerning the

distal radius geometry are rare. Pichler et al. investigated the

different circular arc radiuses of the distal palmar radius on

100 radii. They showed that the circular arc radius differs

between medial and lateral column of the distal radius [18].

In a study on 134 distal radii, Windisch et al. described an

osseous prominence on the lateral column of the radius

which rises on average 2.90 mm above the palmar cortex.

They called it the promontorium of the radius and postulated

to consider it developing new implants [19]. Andermahr

et al. specified an analog osseous prominence on the ulnar

side of the distal radius [20]. This prominence of the lunar

joint facette seems to be particular sensitive for shearing

forces; complications in surgical treatment have been

reported [21]. Some studies deal with the geometry of the

distal radius, but do not address the PCA as the majority of

these studies ask for radiographic parameters to measure the

outcome after distal radius fractures. Stevenson et al. com-

pared the palmar tilt (PT), radial inclination (RI) and the

ulnar variance (UV) pre- and postoperative in a retrospective

study in 33 patients with distal radius fractures. Additionally

they compared the parameters to the uninjured side. The

mean correction of PT was 1� under correction, but with a

range of 7.3–3.7 degree of overcorrection. Similar observa-

tions can also be made with the RI. Comparing the pre- and

postoperative measurements the parameters have changed

just slightly [22]. The authors did not state which plate was

used and the measurements were only done by one observer.

While interpreting these parameters it should be borne in

mind that the position of the forearm while taking the X-ray

influences these parameters. With the study of Mann et al. the

effect of pronation or supination positioning of the forearm

on the PT became apparent. Compared to a neutral position,

pronation creates an increasing palmar tilt and supination

brought a slight decrease in PT [14]. The side difference of

the PT, RI and UV was examined by Hollevoet et al. on

standard radiographs comparing 50 healthy volunteers. They

pointed out that the variability of the right-left differences

regarding these three parameters using the contralateral side

is smaller than the variability of the whole group. It should be

noted that the radiographs were taken with the forearm in

neutral position and no degree of the lateral projection is

given [23]. Despite the fact that no pairs of radii were used in

our study, no significant influencing variable for PCA, PCL

or PCW could be identified.

In a retrospective study, Patel et al. analyzed 60 cases of

distal radius fractures, which were treated with open

reduction and internal fixation (ORIF) using a DVR� plate.

Comparing the PT, radial length(RL) and RI 3 months

postoperative with normal values, significant differences

for all parameters could be shown. Compared with the

uninjured side, PT and RL were still significant; no dif-

ference was noted for RI [24]. Another retrospective study

at 185 distal radius fractures treated with palmar locking

plates (DVR� plates) created by Mignemi et al., showed

that not even one half of the fractures achieved normal

postoperative radiologic parameters regarding PT, RI and

UV. This indicates that the tested plate in this study was

not precontoured in an anatomically correct shape.

In all these studies, some radiological parameters were

taken into account, but the PCA has not been investigated in

this context. The majority of distal radius plates are curved to

align with the PCA of the distal radius cortex. The PCA of the

currently available plates differs; values spread between 155

and 165�, without being gender specific (Table 2). Anatomi-

cal studies concerning the PCA are rare. Bassi et al. measured

the PCA on fifty lateral radiographs of normal wrists and

found a mean value of 143� (130–154�) [25]. These findings

were confirmed by Agir et al., they observed the differences of

PCA using 18 intact cadaver radii. The mean PCA was

142.27� ± 6.76. They concluded that the PCA is variable and

they suggested that preoperative measuring of the contralat-

eral side can be adjusted to the true palmar angle [26]. Both

authors measured the PCA on lateral X-ray photographs and

did not decide between different columns.

According to the concept of Rikli and Rigazzoni, Gasse

et al. measured the PCA in the center of each column and

compared them to each other. With a mean value of 155�
(143–167�) for the lateral column and a mean value of 145�
(134–153�) for the medial column they proved statistical

difference (p \ 0.0001) [7]. These findings were conducted

by Evans et al. who studied 74 dry human radii. They

found a mean overall PCA of 147� (SD ± 5), while the

PCA for the lateral column was 149� and for the medial

column 145.9�, being statistically different. They also

correlated it to gender and found statistical difference

between men (146.3�) and women (148.5�) [8].
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In our study, both PCA’s, for the lateral and for the

medial column are flatter as described by Evans. This could

be achieved due to the fact that Evans et al. used computer

tomography for their measurements and our bases for the

presented data were imprints. The PCA of current available

studies is similar with the PCA in this study as shown in

Table 3.

In order to achieve an anatomically correct fit, it may

become necessary to design new plates addressing the PCA

difference between the lateral and medial column. An

advantage of anatomical fitting could be seen during the

reduction process of the distal fragment. A radius plate pre-

shaped correctly according to anatomical structures would

promote these objectives unequivocally.

How wide and how long the head of the plate can

maximally be, are important questions for the manufac-

turers designing a new plate. In this context, it seems to be

interesting that longer plate heads with more screw rows do

not inevitably lead to more stability as Drobetz et al. [27]

showed in a biomechanical study comparing single row to

double row plates. Thus, it seems to be helpful to have

several different plates to fit best for different radius

dimensions. As the results of the presented study show, the

width of the radii of male and female radii differs signifi-

cantly. According to the study results, distal radius plates

used in male specimens should have a distal width around

28.31 mm (SD ± 2.45), and become thinner, to be

21.81 mm ± 2.64 at 15 mm proximal to the watershed

line. In contrast to this, distal radius plates used in female

specimens should be smaller at each width, so on the level

of the watershed line plates should have a width of

24.77 ± 2.20 and 15 mm proximal 19.16 mm ± 2.05.

Limitations of this paper are the use of dried cadaver

specimens and the limited number of 49 distal radii.

Moreover, due to the fact that no paired distal radii were

used, the data for the side influence mirror the population

but not the individual anatomy. The differences within one

individual between left and right side are less as compared

to other individuals.

Strength of the presented study is the use of a special

C-silicone mass with low shrinkage for accurate results, so

a perfect negative imprint could be created. Contrary to

measurements at radiographs, the imprints would not be

influenced by capture settings. The ICC with over 0.80

shows the high reliability of the measured parameters. The

ICC considered as fair for values less than 0.41, moderate

between 0.41 and 0.60, substantial between 0.61 and 0.80,

and almost perfect between 0.81 and 1.00 [28].

In conclusion, we were able to demonstrate that with the

present numbers, male dimensions concerning the width

were significantly larger when compared with females.

Regarding the PCA at the medial and lateral column, we

found significant difference for the lateral PCA concerning

the gender.

Overall, study results demonstrated an angle of

148.25� ± 6.83 for the medial PCA and 156.07� ± 7.00

for the lateral PCA.

Based on this finding, reflections should take place on

whether gender-specific distal radius plates are necessary.
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