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ABSTRACT
Introduction: Radius is the bone of the forearm that is present 
on the lateral side. The proximal and distal end of radius are 
commonly susceptible to trauma, about 2-6% of fractures 
occur in the proximal end and neck of radius and the distal 
end of fracture is about 8-20% which is more commonly seen 
in geriatric population. If the fracture is severe then the person 
should undergo radial head prosthesis. 

Aim: To determine the morphometric parameters of proximal 
and distal end of radius and its clinical significance. 

Materials and Methods: The present observational study was 
conducted at Saveetha Medical College, Chennai, Tamil Nadu, 
India between February 2017 to August 2017. The morphometric 
parameters of proximal and distal end of radius were measured 
and observed using digital vernier caliper, divider, normal ruler, 
inch tape and inelastic thread. The mean and the standard 
deviation of the morphometric parameters were assessed.

Results: The mean length of radius bone in medial side 
(22.7 cm) and lateral side (23.7 cm), circumference of the head 
(6.3 cm), length of the head from medial side (0.6 cm) and lateral 
side (0.32 cm), distance between the radial head and the radial 

tuberosity (0.75 cm), length of the radial tuberosity (3.36 cm), 
circumference of the radial neck (4.64 cm). The mean width of 
the ulnar notch (1.41 cm), length of the ulnar notch from anterior 
aspect (0.30 cm) and posterior aspect (0.62 cm), length of the 
styloid process (1.01 cm), circumference of the distal end of 
the bone (8.40 cm), circumference of the distal end of the shaft 
(5.63 cm), scaphoid and lunate fossa from anterior (2.79 cm), 
posterior (2.50 cm), and base (1.32 cm). 

Conclusion: The length of the radius on the medial and lateral 
aspect, circumference of radius head, diameter of the radius, 
Length of the radial head on the medial and lateral aspect, 
distance between the radial head and the radial tuberosity, 
circumference of the radial neck, length of the radial tuberosity, 
length of styloid process, length of ulnar notch on the anterior 
and posterior aspect, width of the ulnar notch, inferior articular 
facet of radius in anterior, and posterior aspect the following 
parameters will be useful for orthopaedic surgeons in case of 
severe fracture and oncologist in case of tumour in distal end for 
the purpose of making prosthesis for the radial head and distal 
end of radius and for reconstruction of bicipital tendon.

INTRODUCTION
Radius is the bone which is present on the lateral aspect of forearm. 
The word radius in Latin means ray [1]. In the context of the radius 
bone, a ray rotates around its axis line extending diagonally from 
the centre of the capitulum to the centre of the distal ulna. Radius is 
usually ossified from three centres one primary centre for the body, 
and two secondary centres, one for the upper end and one for the 
lower end [1].  The primary centre for the body appears around the 
eighth week of intrauterine life, ossification commences in the lower 
end at second year and in the upper end at fifth year and sometimes 
a new secondary A2 centre may arise for radial tuberosity at 
fourteen or fifteen years [1]. The proximal and distal end of radius 
are commonly involved in trauma, about 2-6% of fractures occur 
in the proximal end and about 8-20% occurs in distal end which is 
more commonly seen in geriatric population [2,3]. People between 
the age of 30-40 years have 20% of elbow injuries especially radial 
head fracture and it is more common in women than in men [4]. If 
the fracture is severe then the person should undergo radial head 
prosthesis [5]. The dimensions of the bicipital tuberosity, radial 
head, and radial styloid process will be useful in various surgical 
procedures such as radial head prosthesis, reconstruction of the 
bicipital tendon and reconstruction of proximal trauma [6]. Distal 
end of the radius is common for malignant tumour and it is treated 
by endo prosthesis [7]. Reduction in the radius length along with the 
altered palmar tilt, has substantial loss of movements in the forearm 
and wrist joint and grip strength [8,9]. In order to treat these kinds 
of injuries we should know the normal anatomical morphometry of 

proximal and distal radius. Radius also plays a major role in sex 
determination of an unknown decomposed body or bone [10]. By 
using the range of the length, sensitivity and specificity of the bone 
it is easy to determine the sex and age [11]. This study was aimed 
to study the morphometric parameters of proximal and distal end 
of the radius which correlates for treating the injuries that could 
happen in that region. However, the availability of new intra-and 
extra-medullary implants and an increased incidence of iatrogenic 
injuries, call for a more detailed study of the proximal and distal end 
of the radius.

MATERIALS AND METHODS
The study was designed as an observational study, size of the 
sample is 160 bones in which 80 are right side bone and 80 are left 
side bones. Both right and left side bones are without damage. The 
study setting was done in the Department of Anatomy, Saveetha 
Medical College, Thandalam, Chennai, Tamil Nadu, India. The 
following parameters were observed and measured using digital 
vernier caliper, divider, normal ruler and inelastic thread.

The parameters measured and observed were:

•	 Length of the radius on the medial and lateral aspect: It 
was measured by using a normal 30 cm ruler, for measuring 
the length at the medial aspect the ruler was kept at the medial 
aspect of the radial head above and lower border of the ulnar 
notch below as shown in [Table/Fig-1]. For measuring the 
length of lateral aspect, the ruler was kept at the lateral aspect 
of the head above and edge of the styloid process below.
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•	 circumference of radius head: It was measured by using an 
inelastic thread, the radial head was surrounded by the thread 
and the end was marked, by using a normal ruler, the thread 
was measured, and the circumference was noted.

•	 diameter of the radius: The jaws of the vernier calliper were 
kept in the middle of the radial head and the diameter was 
measured as shown in the [Table/Fig-2].

•	 Length of the radial head on the medial and lateral aspect: 
It was measured with the help of digital vernier caliper, the length 
at the medial aspect was measured from the upper border 
of the medial aspect of the radial above and lower border of 
medial aspect of head below. For measuring the lateral aspect, 
the lower jaw of digital vernier caliper was kept at the upper 
border of lateral aspect of the head above and lower border of 
lateral aspect of head below as shown in [Table/Fig-3].

•	 distance between the radial head and the radial tuberosity: 
The area between the lower border of the radial head and 
upper surface of the radial tuberosity was measured by using 
the divider.

•	 circumference of the radial neck: The inelastic thread was 
surrounded around the neck of the radius and the end of 
the thread was marked. The marked area of the thread was 
measured with the help of the ruler.

•	 Length of the radial tuberosity: The lower jaw of the vernier 
caliper was kept on the upper surface of the radial tuberosity above 
and the point of junction between the tip of the radial tuberosity 
and the readings were noted as shown in the [Table/Fig-4].

•	 Length of styloid process: It was not measured specifically, 
by subtracting the value of the length of the bone on medial 
and lateral aspect gives the value of styloid process.

•	 Length of ulnar notch on the anterior and posterior aspect: 
The lower jaw of the vernier caliper was kept on the upper 
border of the ulnar notch above and lower border of the ulnar 
notch below and measured on the anterior and the posterior 
end of the notch and the readings were noted.

•	 width of the ulnar notch: The lower jaw of the vernier caliper 
was kept between the anterior and posterior end the ulnar 
notch and the readings were noted.

•	 inferior articular facet of radius in anterior and posterior 
aspect: The lower jaw of vernier caliper was measured 
between the edges of the anterior, posterior and base of the 
inferior articular facet.

•	 Shapes of radial head: With the help of paper and pencil 
the head of the radius was traced drawn on a paper and the 
shape was observed. In [Table/Fig-5], the first radial head was 
elliptical whereas the second head was circular.

•	 Shape of radial tuberosity: The shape of the radial tuberosity 
was observed by shading it.

•	 Prevalence of types of curvature at the head and neck 
zone: Types of curvature were classified as flat and low 
concave curvature.

•	 Prevalence of morphological variants of radial tuberosity: 
Morphological variants of bicipital tuberosity were classified as 
smooth, a single ridge or bifid ridge.

The determined measurements and photographs were taken.

RESULTS
The mean value was determined from 160 bones in which 80 bones 
were right side bones and 80 bones were left side bones are:

The mean length of radius bone in medial side (22.7 cm) and 
lateral side (23.7 cm), circumference of the head (6.3 cm), length 
of the head from medial side (0.67 cm) and lateral side (0.32 cm), 
distance between the radial head and the radial tuberosity (0.75 
cm), length of the radial tuberosity (3.36 cm), circumference of the 
neck (4.64 cm).

The mean width of the ulnar notch (1.41 cm), length of the ulnar 
notch from anterior aspect (0.30 cm) and posterior aspect (0.62 cm), 
length of the styloid process (1.01 cm), circumference of the distal 
end of the bone (8.40 cm), circumference of the distal end of the 
shaft (5.63 cm), scaphoid and lunate fossa from anterior (2.79 cm), 
posterior (2.50 cm), and base (1.32 cm). The readings are tabulated 
in [Table/Fig-6]. It was observed that radial head of 124 bones i.e., 
77.5% appear in circular shape and 30 bones i.e., 18.75% were 
elliptical in shape and six bones i.e., 3.75% are irregular in shape 
as shown in [Table/Fig-7,8]. It was also observed that the shape 

[Table/Fig-1]: Measuring the length of the radius on the medial aspect of the radius 
bone.
[Table/Fig-2]: Measuring the length of the radial head on the medial aspect.
[Table/Fig-3]: Measuring the diameter of the radial head. [Images from left to right]

[Table/Fig-4]: Measuring the length of radial tuberosity.
[Table/Fig-5]: Shapes of the radial head (the first radial head is elliptical in shape and 
second is circular in shape). [Images from left to right]

Parameters
Mean Standard deviation

right Left right Left

Length of the Radius 
bone

Medial 22.7 cm 22.5 cm 1.26 cm 1.24 cm

Lateral 23.7 cm 23.4 cm 1.30 cm 1.27 cm

Length of the Radial 
head

Medial 0.6 cm 0.6 cm 0.07 cm 0.06 cm

Lateral 0.32 cm 0.30 cm 0.05 cm 0.04 cm

Circumference of 
distal end

Distal 8.40 cm 8.38 cm 0.81 cm 0.79 cm

Shaft 5.65 cm 5.63 cm 0.65 cm 0.63 cm

Circumference of Radial head 6.3 cm 6.1 cm 0.60 cm 0.58 cm

Circumference of Radial neck 4.64 cm 4.62 cm 0.53 cm 0.51 cm

Length of ulnar notch
Anterior 0.30 cm 0.28 cm 0.06 cm 0.05 cm

Posterior 0.62 cm 0.60 cm 0.07 cm 0.06 cm

Width of ulnar notch 1.41 cm 1.40 cm 0.08 cm 0.07 cm

Length of styloid process 1.01 cm 1.00 cm 0.04 cm 0.03 cm

Length of Radial tuberosity 3.36 cm 3.34 cm 0.24 cm 0.23 cm

Distance between radial tuberosity 
and head

0.75 cm 0.73 cm 0.11 cm 0.09 cm

Scaphoid and lunate 
fossa

Anterior 2.79 cm 2.77 cm 0.31 cm 0.29 cm

Posterior 2.50 cm 2.48 cm 0.22 cm 0.20 cm

Base 1.32 cm 1.30 cm 0.11 cm 0.09 cm

Diameter of radial head 4.11 cm 4.10 cm 0.03 cm 0.02 cm

[Table/Fig-6]: The mean value is determined from 160 bones in which 80 bones are 
right side bones and 80 bones are left side bones.
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of the radial tuberosity was leaf in shape for 136 bones i.e., 85% 
and 17 bones i.e., 10.62% were oval in shape and 7 bones i.e., 
4.38% are irregular as shown in [Table/Fig-7,9]. In 151 bones i.e., 
94.38% the radial tuberosity continues as medial border but in 9 
bones i.e., 5.62% bones continue as lateral border as shown in 
[Table/Fig-7,10].

The variations seen in the distal aspect of the radius were the 
number of tubercles present at the dorsal aspect of radius which 
were more on all right-side bones than on the left side as shown in 
[Table/Fig-11].

[Table/Fig-7]: Variations seen in the shape of radial head, radial tuberosity and its 
continuation.

[Table/Fig-8]: Shapes of radial head.
[Table/Fig-9]: Shapes of radial tuberosity. [Images from left to right]

[Table/Fig-10]: Continuation of radial tuberosity.
[Table/Fig-11]: Comparing the dorsal tubercles on the right and left side bone (the 
above image is right side and below is left side). [Images from left to right]

Van Riet RP et al., has determined the mean length of radial neck 
as 1.3 cm [14], while in present study the length of the radial 
neck was measured as distance between the radial head and 
the radial tuberosity and the mean length we determined was 
0.75 cm±0.11 cm and 0.73±0.9 cm on the right side and left 
side respectively.

Rajsree G et al., has determined that the mean length of the lateral 
side of the radial head is 5.71 mm on the left side and on the right 
side is 6.5 mm. The mean anteroposterior diameter of the radial 
head on the right side is 15.41 mm and on the left side is 15.45 mm 
[13], however in present study, we determined that the mean length 
of the lateral side of the radial head was 0.6 cm on the left side and 
on the right side was 0.6 cm. The mean anteroposterior or radial 
head diameter on the right side is 4.11 cm and on the left side was 
4.10 cm. The length of the radial head and diameter of the radial 
head was greater in present study results.

Captier G et al., found that the radial head was elliptical in 57% of 
cases and in 43% of cases it was circular [15] however, Gupta C 
et al., has determined that the 64% of cases are circular and 26% 
of cases are oval but, in present study, we have determined that 
the 77.5% of cases are circular and 18.75% are elliptical in shape 
[12]. As the parameters are mainly significant for the radial head 
prosthesis, it is must to have a clear determination about the shape 
of the head.

Gupta C et al., also found the length of the radial head at medial and 
lateral ends, diameter of the head, head thickness at the anterior, 
posterior and lateral sides, and depth of articular facet in total radius 
were 0.9, 0.75, 1.91, 0.42, 0.32, 0.30, and 0.19 cm, respectively 
[12]. In present study, we found that the mean length of the lateral 
side of the radial head was 0.30 cm±0.04 cm on the left side and 
on the right side was 0.32 cm±0.05 cm. The mean diameter of the 
radial head on the right side was 4.11±0.03 cm and on the left side 
was 4.10 cm±0.02 cm. The mean circumference of the head of 
radius on the left side was 6.1 cm±0.58 cm and on the right side 
is 6.3±0.60 cm. The measurement of length of radial head is less 
when compared to their study. Since in both study, vernier caliper 
was used, this differences in the values may be a geographical 
characteristic of the population.

Gupta C et al., determined the mean length and width of bicipital 
tuberosity on right side are 2.02 and 1.25 cm, respectively, in the left 
side are 1.92 cm and 1.21 cm respectively [12]. In present study, it 
was found the mean length of bicipital tuberosity in right side was 
3.36±0.24 cm and in the left side was 1.23±0.23 cm, respectively. 
The result values of present study were greater than the values of 
their study. In present study also, we found mainly distance between 
radial head and bicipital tuberosity which is 0.75±0.11 cm on right 
side and 0.73±0.09 cm on the left side.

Gupta C et al., determined the length of styloid process as 1±0.13 cm 
and 0.97±0.14 cm on the right and left side however in present 
study [12], we have determined 1.01±0.04 cm and 1.00±0.03 cm 
on right and left side respectively. It shows that the mean length of 
styloid process is lesser in present study, however James I et al., 
has determined the mean length of styloid process as 11.0±1.4 and 
10.8±1.5 mm [16] which is more or less similar to present study.

Koslowsky C et al., determined there is no statistical difference 
between the right and left side bone [17] but in our study, we have 
determined there is a statistical difference between the right and left 
side bone.

The knowledge of shape and size of the head of radius will be 
useful for the radial head prosthesis [18]. The size of the radial head 
plays the major role in influencing radial head replacement [19]. The 
knowledge about the parameters of distal end of the radius will be 
useful for the distal end prothesis due to Colles’ fracture [20]. The 
knowledge of size and shape of radial tuberosity will be useful in 
bicipital tendon reconstruction. 

DISCUSSION
The radius is the lateral side bone of the forearm. Its upper end 
articulates with the lower end of humerus at the elbow joint 
and with the ulna at the superior radioulnar joint. Its lower end 
articulates with the scaphoid and lunate bones of the hand at the 
wrist joint and with the ulna at the inferior radioulnar joint. Gupta C 
et al., Rajasree G et al., and Van Riet RP et al., have found that, 
the mean length of the radius on the right and left side is 23.12 
cm±2.11 cm and 23.29 cm respectively [12-14] while in present 
study, the length of the radius is measured separately on the length 
of the radius in medial side is 22.7 cm±1.26 cm in right side bone 
and 22.5 cm±1.24 cm on the left side. The length of the radius 
on lateral side was 23.7 cm±1.30 cm on the right side and 23.4 
cm±1.27 cm on the left side.

The mean length of the right radius on the medial side was 
22.7±1.26 cm. Similarly, the mean length of the left radius on 
the lateral side was 22.5±1.25 cm. This knowledge has clinical 
application in fracture healing and hand prosthesis. As far as we 
know, this unique way of measuring the length of the radius in 
present study is not found in previous studies.
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LIMITATION
The limitation of the study was that incompletely ossified bones, 
broken bone, bones that are damaged at the region of head and the 
distal end were not taken.

CONCLUSION
The morphometric parameters of proximal and distal ends of radius 
are useful in the designing of prosthesis, for the head and distal end 
of the radius and for the reconstruction of bicipital tendon. The distal 
end prosthesis is used in Colles’ fracture and in surgical removal of 
tumour in the distal end, which is useful for orthopaedic surgeons 
and oncologist.

REFERENCES
 Standring S, Ellis H, Healy JC, Johnson D. Gary’s Anatomy-The Anatomical Basis of [1]

Clinical Practice. London, Elsevier Churchill Livingstone, 39th ed 2005; pp. 842-52.
 Jupier JB, Masem M. Reconstruction of post traumatic deformity of the distal [2]

radius and ulna. Hand Clin. 1988;4(3):377-90.
 Van Earten PV, Lindeboom R, Oosterkamp AE, Goslings JC. An X-ray [3]

template assessment for distal radial fractures. Arch Orthop Trauma Surg. 
2008;128(2):217-21.

 Robert N. Displaced fractures of the radial head: internal fixation or excision [4]
Hotchkiss. Journal of the American Academy of Orthopaedic Surgeons. 
2010;5(1):01-10. 

 Pappas N,  Bernstein J. Fractures in brief: radial head fracture. Clin Orthop Relat [5]
Res. 2010;468(3):914-16.

 Mazzocca AD, Cohen M, Berkson E, Nicholson G, Carofino BC, Arciero R, et [6]
al. The anatomy of the bicipital tuberosity and distal biceps tendon. J Shoulder 
Elbow Surg. 2007;16(1):122-27.

 Natarajan MV, Bose JC, Viswanath J, Balasubramanian N, Sameer M. Custom [7]
prosthetic replacement for distal radial tumours. International Orthopaedics. 
2009;33(4):1081-84. 

 [8] Leung F, Ozkan M, Chow SP. Conservative treatment of intra articular fractures 
of the distal radius and factors affecting functional outcome. Hand Surg. 
2000;5(2):145-53.

 Slutsky DJ. Predicting the outcome of distal radius fractures. Hand Clin.  [9]
2005;21(3):289-94.

 Akhlaghi M. The value of radius bone in prediction of sex and height in the Iranian [10]
population. J Forensic Leg Med. 2012;19(4):219-22.

 Mall G, Hubig M, Büttner A, Kuznik J, Penning R, Graw M. Forensic sex [11]
determination and estimation of stature from the long bones of the arm. Sci Int. 
2001;117(2):23-30.

 Gupta C, Kalthur SG, Malsawmzuali JC, D’Souza AS. A morphological and [12]
morphometric study of proximal and distal ends of dry radii with its clinical 
implications. Biomed J. 2015;38(4):323-28. 

 Rajasree G, Sucharitha T, Karuppiah DS, Hema L. Morphology and morphometry [13]
of proximal dry radii in south coastal population. IJRDO: Journal of Health 
Sciences and Nursing. 2016;1(11):5.

 Van Riet RP, Van Glabbeek F, Neale PG, Bimmel R, Bortier H, Morrey BF, et al. [14]
Anatomical considerations of the radius. Clin Anat. 2004;17(7):564-69.

 Captier G, Canovas F, Mercier N, Thomas E, Bonnel F. Biometry of the radial [15]
head: Biomechanical implications in pronation and supination. Surg Radiol Anat.  
2002;24(5):295-301.

 Prithishkumar J, Francis DV, Nithyanand M, Verghese VD, Samuel P. [16]
Morphometry of the distal radius-an osteometric study in the Indian population.   
2016;50(6):610-15.

 Koslowsky TC, Beyer F, Germund I, Mader K, Jergas M, Koebke J. Morphometric [17]
parameters of the radial neck: an anatomical study. Surg Radiol Anat. 
2007;29(3):279-84. 

 King GJ, Zarzour ZD, Patterson SD, Johnson JA. An anthropometeric study of [18]
radial head: implications for prosthesis. J Arthroplasty. 2001;16(1):112-16.

 Van Glabbeek F, Van Riet RP, Baumfeld JA, Neale PG, O'Driscoll SW, Morrey [19]
BF. An KN Detrimental effects of overstuffing or understuffing with a radial head 
replacement in the medial collateral-ligament deficient elbow. J Bone Joint Surg 
Am. 2004;86(12):2629-35.

 Ichihara S, Díaz JJH, Peterson B, Liverneaux P. Distal radius isoelastic resurfacing [20]
prosthesis: a preliminary report. Wrist Surg. 2015;4(3):150-55. 

PArticuLArS oF contriButorS:
1. BPT 2nd year, Department of Physiotherapy, Saveetha College of Physiotherapy, Chennai, Tamil Nadu, India.
2. Tutor, Department of Anatomy, Saveetha Medical College, Chennai, Tamil Nadu, India.
3. Assistant Professor, Department of Physiotherapy, Saveetha College of Physiotherapy, Chennai, Tamil Nadu, India.
4. Tutor, Department of Anatomy, Saveetha Medical College, Chennai, Tamil Nadu, India.
5. Tutor, Department of Anatomy, Saveetha Medical College, Chennai, Tamil Nadu, India.
6. Assistant Professor, Department of Anatomy, Saveetha Medical College, Chennai, Tamil Nadu, India.
7. Assistant Professor, Department of Anatomy, AIIMS, Mangalagiri, Andhra Pradesh, India.
8. Professor, Department of Anatomy, Saveetha Medical College, Chennai, Tamil Nadu, India.

nAMe, AddreSS, e-MAiL id oF the correSPonding Author:
Dr. A Brite Saghaya Rayna,
No. 3, Krishnan Street, Moolakadai, Chennai-600118, Tamil Nadu, India.
E-mail: rainabrite@gmail.com

FinAnciAL or other coMPeting intereStS: None.

Date of Submission: dec 20, 2017
Date of Peer Review: jan 09, 2018
Date of Acceptance: May 12, 2018

Date of Publishing: Sep 01, 2018


