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Abstract
Purpose  Radial head fractures are regularly treated with radial head arthroplasty. To prevent limited motion or pain, the 
implant’s size should match its normal anatomy. Preoperative estimation of the radial head size helps in finding the cor-
rect head component. The aim of this study was to measure bony landmarks in proximity to the radial head to estimate the 
required size of a prosthesis preoperatively.
Methods  Anatomical landmarks on 82 elbows from 41 embalmed specimens (19 male, 22 female) were measured using a 
digital caliper after removal of the specimens’ tissue: the largest and smallest radial head diameter, length of the radius (sty-
loid tip to radial head articular surface), and the length of the ulna (styloid tip to coronoid base). Additionally, cranio-caudal 
and antero-posterior diameters of the capitulum on scaled lateral elbow X-ray images were measured.
Results  The mean largest and smallest radial head diameters were 24.2 mm (± 2.2, range 19.9–30.3; ICC = 0.992) and 
22.5 mm (± 2.0, range 18.9–27.5; ICC = 0.985). The mean radius length was 23.8 cm (± 1.6, range 20.1–27.1; ICC = 0.986), 
and the mean ulna length was 23.1 cm (± 1.6, range 19.3–26.3; ICC = 0.969). The mean antero-posterior capitulum diam-
eter was 16.2 mm (± 2.4, range 10.4–21.0; ICC = 0.506), and the mean cranio-caudal diameter was 17.0 mm (± 3.3, range 
10.0–23.9; ICC = 0.529). The highest correlation to radial head diameters could be shown for diameters of the contralateral 
radial head and the radius length.
Conclusions  For preoperative estimation of the radial head, the diameters of the contralateral radial head or the radius length 
are the most accurate.
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Introduction

Fractures of the radial head are common injuries of the 
elbow and account for around 30% of all elbow fractures 
[1]. In comminuted fractures of the radial head, surgical 
therapy comprises osteosynthesis or the implantation of a 
radial head prosthesis. Prosthetic replacement is warranted 
in case of an unreconstructable fracture of the radial head, 

when additional ligamentous injuries destabilize the joint 
[2]. Radial head prostheses have proven to restore the kin-
ematics of the radiocapitellar joint and have shown satisfac-
tory clinical results [3–11]. They have therefore become an 
established means of treatment [8, 9]. The anatomy of the 
radial head is of complex nature making a perfectly match-
ing prosthesis difficult. Nevertheless, size and shape of a 
radial head prosthesis should mimic the natural anatomy as 
close as possible to avoid degenerative changes or loss of 
motion [12–15].

In prosthetic replacement of any joint, adequate sizing 
of the components is key to proper function. In the radio-
humeral joint, kinematic changes could be shown by short-
ening or lengthening with a radial head prosthesis [16]. In a 
series of 44 patients, van Riet et al. found radiological signs 
of overlengthening prior to revision surgery in 25% [15]. 
Biomechanical investigations revealed overtensioning of the 
interosseous membrane with increasing radial head diameter 
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[17]. Such biomechanical changes can result in pain or loss 
of motion [13, 14]. In multi-fragmentary fractures, proper 
estimation of the affected radial head size is practically not 
possible. Computer tomography (CT) images of the con-
tralateral elbow could be helpful in preoperative planning 
[18]. Yet, additional CT images bear the disadvantage of 
higher radiation exposure and validation of the contralateral 
radial head size is unclear. Measurements solely based on 
conventional radiographs using a scaling ball can precisely 
estimate sizes, however, diameters of the patient’s radial 
head are dependent on the rotational position of the fore-
arm. Furthermore, even though clinical relevance of such 
measures has not yet been established, two-dimensional 
radiographs do not necessarily allow for correct identifica-
tion of the minimal or maximal diameter.

To correctly estimate the size of the fractured radial head, 
anatomical landmarks that reliably correlate to the size of 
the radial head can be helpful. Few studies estimating the 
radial head based on other anatomical or radiographic land-
marks have been performed [19–26]. For example, one pos-
sibility to estimate the size of a prosthesis is the congru-
ency with the lesser sigmoid notch, although this method 
has shown to be insufficiently reliable [20].

The aim of this study was to measure morphometric 
parameters of landmarks in close proximity to the radial 
head to estimate the required size of the radial head in pre-
operative planning.

Materials and methods

82 elbows from 41 embalmed specimens (19 male, 22 
female) were used for this study. The median age of the 
donors was 83.6 years (± 9.2, range 62–101).

Specimens suffering previous injuries or arthritic 
changes to the elbow were excluded. The specimens’ soft 
tissue was carefully removed from the elbow and the entire 
forearm to visualize the styloid process of the radius and 
the ulna. The following parameters were then measured 
macroscopically (Fig. 1): the largest (Rhmax) and smallest 
(Rhmin) radial head diameter using a digital caliper; radius 
length measured from the tip of the radial styloid process 
to the most proximal extension of the radius (Rlength); ulna 
length measured from the tip of the ulna styloid process 
to the base of the coronoid (Ulength) using a measuring 
tape. Conventional radiographs of the elbow in the lateral 
view were then acquired with a scaling ball (of 0.62 mm) 
close to the capitulum. The conventional radiographs were 
then digitalized with a video-capturing device attached to 
the imaging intensifier and saved as .jpeg-Images. Dis-
tances on the digitalized images were measured using 
the ImageJ software [27]. The diameter of the capitulum 
was measured in cranio-caudal (Ccc) and antero-posterior 

orientation (Cap). For the cranio-caudal orientation, the 
distance was measured in extension of the anterior edge of 
the humerus, while for the antero-posterior orientation, the 
largest distance in a 90° orientation to the cranio-caudal 
distance was measured (Fig. 2). For statistical analysis, 
SPSS Statistics (IBM Corp. Released 2018. Version 25.0. 
Armonk, NY, USA), Microsoft Excel (Microsoft Corp., 
Redmond, WA, USA) and GraphPad Prism 7 (Graph-
Pad Software, La Jolla, CA, USA) was used. Minimum, 

Fig. 1   Illustration of radial head and the respective measurements. 
The smallest (Rhmin) and largest (Rhmax) radial head diameter was 
measured

Fig. 2   Exemplary lateral radiograph with cranio-caudal (Ccc) and 
antero-posterior (Cap) distance. The scaling ball had a diameter of 
6.2 mm
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maximum and standard deviations of all measured dis-
tances were calculated. All distances were measured by 
two investigators that were blinded for the other investi-
gators’ result. The intraclass correlation coefficient (two-
way mixed average measures) (ICC) was calculated for the 
determination of inter-rater reliability.

To correlate the measured distances with the largest 
(Rhmax) and smallest (Rhmin) radial head diameters, the 
Pearson coefficient (“r”) was calculated. Also, the cor-
relation of Rhmin and Rhmax between sides of the respec-
tive specimens was calculated using Pearson correlation. 
P-values < 0.05 were classified as significant, p-val-
ues < 0.001 were classified as highly significant.

Then, ratios between the measured distances (Rlength, 
Ulength, Ccc, Cap) and the corresponding Rhmax and Rhmin 
were calculated. Using the mean calculated ratios, the 
(smallest and largest) radial head diameters were estimated 
and absolute difference between the measured diameters 
was calculated. To test whether these ratios would result 
in a correct estimation of the size of a radial head pros-
thesis, the percentage of estimations with an absolute dif-
ference > 2 mm to the measured diameters was calculated.

The study was approved by the local ethics committee 
(registration number 18–112).

Results

The measured distances are shown in Table 1. The largest 
radial head diameter was on average 24.2 mm (SD 2.2 mm, 
range 19.9–30.3 mm), the smallest radial head diameter 
was on average 22.5 mm (SD 2.0 mm, range 18.9–27.5). 
The inter-rater reliability for the radial head diameters was 
excellent (largest diameter: ICC = 0.992, smallest diameter: 
ICC = 0.985). Largest and smallest diameters showed an 
excellent correlation to each other (p = 0.959). On average, 
the largest diameter was 1.07 times larger than the smallest 
diameter (SD 0.03, range 1.01–1.17).

The radius had an average length of 23.8 cm (SD 1.6 cm, 
range 20.1–27.1 cm), and the ulna had an average length of 
23.1 cm (SD 1.6 cm, range 19.3–26.3 cm). The inter-rater 
reliability of these measurements was also excellent with 
ICC = 0.986 for the radius and ICC = 0.969 for the ulna.

In the radiographic images of the lateral elbow, the aver-
age diameter of the capitulum in antero-posterior orienta-
tion was 16.2 mm (SD 1.3 mm, range 13.5–19.1 mm), and 
in cranio-caudal orientation 17.0 mm (± 1.4 mm, range 
12.6–20.0 mm) (Table 2). The inter-rater correlation of these 
measurements was only moderate with an ICC = 0.529 for 
the cranio-caudal distances and ICC = 0.506 for the antero-
posterior distance.

Table 1   Measured diameters 
and length of the respective 
anatomical landmarks

Mean SD Range 95% 
confidence 
interval

Smallest radial head diameter (mm) 22.5 2.0 18.9–27.5 0.3
Largest radial head diameter (mm) 24.2 2.2 19.9–30.3 0.4
Ulna length (cm) 23.0 1.6 19.3–26.3 0.4
Radius length (cm) 23.8 1.6 20.1–27.1 0.5
Radiographic capitulum diameter c.c. (mm) 17.0 3.3 10.0–23.9 0.7
Radiographic capitulum diameter a.p. (mm) 16.2 2.4 10.4–21.0 0.5

Table 2   Correlation between the anatomical landmarks and radial head diameters

Correlation (Pearson)/p value Quotient (mean, SD and range)

Smallest radial 
head

Largest radial 
head

Smallest radial head/ Largest radial head/

Ulna length to 0.66 < 0.001 0.67 < 0.001 0.98 (SD 0.07, range 0.86–1.18) 1.05 (SD 0.07, range 0.92–1.30)
Radius length to 0.711 < 0.001 0.711 < 0.001 0.95 (SD 0.06, range 0.84–1.11) 1.02 (SD 0.07, range 0.90–1.22)
Radiographic diameter capitulum AP to 0.49 < 0.001 0.509 < 0.001 0.72 (SD 0.06, range 0.55–0.91) 0.68 (SD 0.06, range 0.52–0.86)
Radiographic diameter capitulum CC to 0.476 < 0.001 0.493 < 0.001 0.76 (SD 0.07, range 0.59–0.92) 0.71 (SD 0.06, range 0.55–0.91)
Smallest radial head (contralateral) 1.00 (SD 0.02, range 0.94–1.06) –
Largest radial head (contralateral) – 1.00 (SD 0.03, range 0.94–1.06)
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Besides the radial head of the contralateral side, the high-
est correlation to radial head diameters could be shown for 
the radius length (Fig. 3).

When using the measured distances for estimation of 
the radial head diameter, radial head diameters of the con-
tralateral side could predict the smallest and largest radial 
head diameter within 2 mm absolute distance in all cases. 
When using Rlength for estimation of Rhmin, 86.6% could 
be projected within 2 mm, 79.3% for Rhmax. When using 

Ulength for the estimation of radial head diameters, Rhmin 
could be predicted within 2 mm in 84.2%, Rhmax in 76.8%. 
Estimations for radial head diameters using distances from 
the lateral radiograph were within 2 mm of the measured 
size in 67.1–74.4% of the cases (Table 3).

The correlation of the smallest and largest diameter of 
the radial head with the respective diameters of the con-
tralateral side was excellent (r = 0.963, p < 0.001 for the 
smallest, r = 0.969, p < 0.001 for the largest diameter of 
the radial head, Fig. 4).

Fig. 3   Scatter plots of the smallest (Rhmin) and largest (Rhmax) radial head diameter in relation to a the radial length, b the ulna length, c the 
radiographic measured capitulum diameter in a.p. direction and d the radiographic measured capitulum diameter in c.c. direction

Table 3   Correct estimations within 2 mm of radial head diameter using measured distances in 82 elbows

Estimated Rhmax

Ulength Rlength Rhmax (contralat.) Ccc Cap

Correct estimation 63/82 65/82 82/82 55/82 55/82
Percentage 76.83% 79.27% 100.00% 67.07% 67.07%

Estimated Rhmin

Ulength Rlength Rhmin (contralat.) Ccc Cap

Correct estimation 69/82 71/82 82/82 57/82 61/82
Percentage 84.15% 86.59% 100.00% 69.51% 74.39%
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Discussion

In the present study, we investigated morphometric data of 
the radial head in correlation to the macroscopic length of 
the radius, length of the ulna and to diameters of the capitu-
lum in antero-posterior and cranio-caudal orientation meas-
ured on radiographic images of the lateral elbow. The results 
for the values of the radial head diameters in our study are in 
line with dimensions of the radial head previously described 
in the literature [21–25, 28–31]. The highest correlation of 
the largest and smallest radial head diameter could be found 
to the respective distance of the opposite side, followed 
by the total length of the radius and the ulna. For the cor-
relation of the largest and smallest radial head diameters 
to radiographically assessed diameters of the capitulum, 
only a moderate correlation could be found. Estimating the 
radial head size within 2 mm using the measured distances 
(Rlength, Ulength, Ccc, Cap and diameters of the contralateral 
side) revealed 100% correct estimations for diameters of the 
contralateral side followed by Rlength and Ulength for estima-
tion of the smallest radial head diameter. These estimations 
are particular important, since commercially available radial 
head prosthesis (such as the Tornier radial head system, the 
MoPyC radial head prosthesis or the Acumed anatomical 
radial head system) are available in steps of 2 mm between 
18 and 28 mm. Our results therefore suggest that for estima-
tion of the radial head size, measurement of the contralateral 
side or length of the radius or ulna is the most accurate. On 
the other hand, radiographically assessed diameters of the 
capitulum should be used carefully and cannot fully be relied 
upon for estimation of radial head size.

Estimates of radial head diameters are particularly impor-
tant prior to an implantation of radial head prostheses fol-
lowing a comminuted radial head fracture, for which dif-
ferent sizes of most commercially available prostheses are 
offered. Surgeons have to base their choice of the relevant 
implant on their experience in approximation of the native 

radial head. There have been few studies on the correlation 
of anatomical structures to radial head size to help estimat-
ing the size of the radial head. Alolabi et al. investigated 
the lesser sigmoid notch as an anatomical landmark for the 
sizing of the head components of a radial head prosthesis 
[20]. They could show that orientation on the curvature of 
the lesser sigmoid notch shows only moderate correlation 
to the radial head diameter or a selected radial head implant 
size making this method unfavorable [20].

Abdulla et al. investigated the accuracy of measuring the 
radial head size in comminuted fractures [19]. In a cadaveric 
model with osteotomized radial heads, they could show a 
high correlation of distances measured before and after a 
simulated (multi-fragmentary) fracture [19]. However, this 
method is unsuitable for preoperative planning, as a recon-
structed radial head is not available.

King et al. investigated the diameter of the radial head 
on human cadaveric specimens and compared them to the 
smallest diameter of the radial stem canal in unscaled antero-
posterior and lateral radiographs. The authors found only a 
poor correlation between the radial head diameter and the 
diameter of the stem canal [22]. These results implicate that 
measuring the radial stem canal in radiographic images is 
not helpful in estimating the native radial head size.

Vanhees et al. measured the largest and smallest radial 
head diameter with a digital caliper and correlated these 
distances to the width and vertical height of the capitulum 
[25]. In their study, correlation coefficients (Pearsons r2) 
of these distances ranged between 0.38 and 0.90 [25]. The 
mean vertical height on the specimens was 23 mm compared 
to 17 mm in our study [25]. The differences in the height of 
the capitulum can be explained by different techniques of 
measurement: We used conventional radiographs for imag-
ing of the anatomical structures, missing the cartilaginous 
structures on the images. Vanhees et al. measured the height 
of the capitulum with use of a digital caliper. In our study, 
the correlation for the vertical height of the capitulum and 

Fig. 4   Correlation of the a 
smallest and b largest radial 
head diameter between the left 
and right side
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the largest or smallest diameter of the capitulum did not 
exceed r = 0.49. Lateral radiographs of the elbow could have 
been less accurate than anatomical measurements, leading 
to a lower correlation to other, more accurately measured 
distances.

Vaquero-Picado et al. besides other distances, also meas-
ured the humeral condyle diameter on unscaled lateral and 
antero-posterior radiographs and correlated these distances 
to intraoperatively measured sizes of the radial head [26]. 
They found the highest correlation of their measurements 
between the humeral condyle diameter on lateral radio-
graphs of the elbow to the radial head size [26]. However, 
their interobserver concordance was only moderate for the 
humeral condyle diameter. In their study, a prediction of 
the correct radial head size was only possible in 67% of the 
cases [26]. In our study, using the contralateral radial head 
size for estimation of the radial head size could correctly 
predict its size within 2 mm in all cases. The correlation 
of radiographic measured distances of the cranio-caudal 
distance (which corresponds to the vertical height) was, 
however, only moderate with r = 0.48–0.49 as was the inter-
observer correlation with ICC = 0.53, resulting in correct 
estimations in 67.1–74.4% of the cases, which could also be 
confirmed by Popovic et al. [24]. Therefore, using the con-
tralateral elbow could be the most correct estimation for the 
radial head size, although the additional radiation exposure 
of the opposite side must be balanced against the advantage 
of preoperative planning. However, due to the cumulation 
effect of conventional radiographs, the largest radial head 
diameter could probably only be measured in more accurate 
CT scans. In addition, X-ray measurements are in general 
prone to error, as differences in positions in the beam path 
cause errors due to a different projection. In our study, dis-
tances in radiographs were measured in relation to a scaling 
ball to avoid mistakes due to projection. However, even with 
scaled measurements, the inter-rater correlation of meas-
urements on native X-rays in our study was insufficient for 
preoperative planning of radial head size. Moreover, using 
external templates for scaling has shown to produce less 
precise estimations of implant sizes on other joints than 3D 
imaging [32, 33].

We found other landmarks that could easily be collected 
preoperatively for preoperative planning. Length measure-
ments of the radius and the ulna can be performed with a 
simple measuring tape as well as radiologically on radio-
graphs of the forearm. The anatomical measurements of 
these landmarks showed an excellent inter-rater correla-
tion. These measurements should therefore be less prone 
to error, moreover since rotation of the forearm should not 
influence the length of the radius on radiographic images. 
Taken together, correlation of these measurements in our 
work was strong, although reliable determination should not 
solely be based on these parameters.

This study has certain limitations: first, measurements 
of the radial head and length of the radius were based on 
anatomical specimens. For preoperative estimation of the 
radial head size, distances of the opposite site or length 
of the radius or the ulna can only be measured on radio-
graphic images. However, the high inter-rater reliability of 
anatomical measurements suggests that these distances can 
be measured reliably. Generally, our study was performed 
on embalmed specimens. Nonetheless, bony structures are 
typically unaffected by shrinkage of the tissue due to fixa-
tion. Also, with 83.6 years the average age of the embalmed 
specimens was high. However, since we excluded specimens 
with previous procedures to the upper extremity or degen-
erative changes to the elbow, we do not believe the high 
age influences bony distances in a relevant extent. Follow-
ing studies on actual radiographic images and correlation to 
intraoperative chosen implants should confirm our results 
in the future.

Conclusion

Estimation of the radial head size based on the contralateral 
radial head diameters shows the highest correlation followed 
by estimation based on the length of the radius and the ulna. 
Estimations based on radiographic measurements such as 
the capitellar diameter (antero-posterior or cranio-caudal) 
do not show equivalent levels of correlation and, therefore, 
should not be used.
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