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Abstract

Background: We developed a method to quantitatively analyze fracture fragment 
morphology on three-dimensional computed tomography images (Q3D-CT) in terms 
of size, shape, and articular surface area.  
Methods: We analyzed 46 adult patients with a computed tomography scan of a frac-
tured radial head with Q3D-CT. We defined an unstable fracture as complete loss of 
cortical contact of at least 1 fragment. Of the patients, 3 had a Mason type 1 fracture 
(all stable), 26 had a type 2 fractures (7 stable [27%] and 19 unstable [73%]), and 17 
had a type 3 fracture (all unstable). The volume and articular surface area of each 
articular fracture fragment were measured. A small fragment was defined as having 
a volume of less than 100 mm3 or an articular surface of less than 100 mm2.
Results: Partial head fractures (Mason type 2) (26 fractures) are usually multi-frag-
mented (19 of 26 [73%]) and often have small fragments by volume (32 fragments) 
and surface area (46 fragments) criteria, particularly when the fracture is displaced 
and unstable. Only 4 of the 17 patients (25%) with whole-head fractures (Mason type 
3) had greater than 3 fragments, but 9 of 17 fractures (69%) with 3 or fewer fragments 
had small fragments.
Conclusions: According to this initial application of Q3D-CT analysis, partial-head 
fractures are often complex and difficult to repair (small fragments), and most 
whole-head fractures have 3 or fewer fragments, but many of those fragments are 
small and may be difficult to repair.
Level	of	evidence:	Level	IV,	Diagnostic	Study

Introduction
Mason classified fractures of the radial head as nondisplaced (Type 1), displaced par-
tial head (Type 2), and displaced whole head fractures (Type 3) 4, 6, 9.  Broberg and Mor-
rey modified Mason’s classification as follows 1: Type 1 fractures involve less than 30% 
of the articular surface or are displaced fewer than 2 millimeters; Type 2 fractures are 
partial head fractures involving at least 30% of the articular surface and displaced 
at least 2 mm; Type 3 fractures are displaced articular fractures involving the entire 
head of the radius; and Type 4 fractures have an associated elbow dislocation 9. The 
thresholds of 30% surface area and 2 millimeter are relatively arbitrary and based on 
radiographs 1, 6 and the classification of radial head fractures according to Broberg and 
Morrey’s modification of the Mason classification has substantial observer variation 
7, 8. Three-dimensional computed tomography (3D-CT) models provide more detailed 
information of the fractured bone and provide an opportunity to quantify fracture 
characteristics better than radiographs 14.   
 We developed a Q3D-CT modeling technique that can measure fragment 
size, shape and articular surface area. We then used this technique to analyze frac-
tures of the radial head with the objective of developing quantitative assessments of 
radial head fracture fragments that might help clarify current classification systems 
and decision-making. Specifically, we tested the null hypothesis that partial head 
(Mason 2) fractures and whole head fractures (Mason 3) have the same percentage of 
small fracture fragments that might be difficult to repair by volume and surface area 
criteria. 

Materials and Methods
The Massachusetts General Hospital Institutional Review Board has approved the 
human protocol for this investigation under No. 1999P008705. All investigations 
were conducted in conformity with ethical principles of research, and informed con-
sent for participation in the study was obtained.

Inclusion and Exclusion Criteria
A search of billing records identified 72 patients with a fracture of the radial head 
that were evaluated with computed tomography (CT) between 2002 and 2008.  Forty-
six CT scans had a slice thickness between 0.62 and 1.25 mm deemed adequate for 
three-dimensional modelling. Several different CT scanners were used with up to 
140Kv and 500-700 mAs and slices from 8 to 64/Dual Source.   
 There were 24 men and 22 women with an average age of 47 years (range, 22 
to 79 years).  Eighteen patients injured their right elbow, 28 injured their left elbow.  
Fifteen patients had an isolated radial head injury, 16 patients dislocation with frac-

BW_def.indd   42-43 07-02-11   22:25



44 part  ii  |  classification 45   quantitative measurements of radial head fractures  |  chapter 3

tures of the radial head and coronoid (terrible triad), 13 patients a posterior olecranon 
fracture-dislocation, and 2 patients had dislocation of the elbow with a fracture of 
the radial head. Twenty-four patients were treated with a radial head prosthesis, 7 
with open reduction and internal fixation and 15 non-operatively.

Classification
The radial head fractures were classified based on radiographs and CT-scans taken 
immediately after injury according to Broberg and Morrey’s modification of the clas-
sification of Mason, but excluding the Type 4 category 1, 6. Three patients had a type 1 
fracture, 26 patients a type 2 fracture, and 17 patients a type 3 fracture. Unstable frac-
tures are defined as having separation (complete loss of cortical contact) of at least 
one radial head fracture fragment 10. 

Modelling Technique
DICOM (Digital Imaging and Communications in Medicine) files were obtained 
through Vitrea (Vitrea 2 software; Vital Images, Inc., Plymouth, MN) and exported 
for further processing into Matlab (MATLAB 7.7; The MathWorks, Inc., Natick, MA) 
(Figure 1A). In this process higher densities were identified with a consistent algo-
rithm in the CT-slices (in essence bony structures). The created images and the ad-
ditional created data were then uploaded into Rhinoceros (Rhinoceros 4.0; McNeel 
North America, Seattle, WA). Rhinoceros stacked the images (jpegs) on top of each 
other taking their relationship into account. During the image processing in Matlab, 
the higher densities (in essence bony structures) are automatically highlighted with 
points on every single CT-slice (Figure 1B). The actual CT-slice is depicted behind the 
point-wise representation of the bone in the software. Lines were drawn which then 
would represent the actual outer border of the bone and so created a wire model 
(Figure 1C). This wire model was then used to create a hollow 3D model of solely the 
outer surface of the bony structures (Figure 1D).

Evaluation
After the 3D models were created, the volume and articular surface area of each 
fracture fragment and the remaining un-fractured bone were measured. Volumetric 
measurements and surface area measurements are a standard feature in Rhinoceros 
(Rhinoceros 4.0; McNeel North America, Seattle, WA). The articular surface area cal-
culations were done by selecting all the meshes which represented the proximal ar-
ticular surface of the particular fragment. 
 Only fragments that were separated from the rest of the radius were mea-
sured.  The volume of the intact radius was arbitrarily cutoff by the limit of the CT 
in a way that hindered meaningful measurement of this part 3. The volumetric mea-

surements were categorized into three different sizes; major fragment (>500 mm3), 
minor fragments (100-500 mm3) and small fragments (<100 mm3). We divided our ar-
ticular surface measurments into two groups; major fragment (>100 mm2) and small 
with less than 100 mm2 surface area.
 The numbers of fragments reported are including any intact radial head as 
a separate fragment for mason type 1 and mason type 2 fractures. All mason type 3 
fractures by definition have no intact radial head. The volumes and surfaces of the 
intact radial head are not incorporated in the fragment calculations. 
 To calculate the percentage of articular surface area and volume that was 
fracture of the intact radial head a formula developed from volume and articular 
surface area measurements of 50 unfractured radial heads was used 3. 

Figure	1	A:	Three-dimensional	reconstructions	of	
whole	head	fracture	(Mason	type	3).

Figure	1	C:	Wire	model	of	4	radial	head	fragments	
and	shaft	of	radius.	

Figure	1	B:	Points	and	lines	represent	the	outer	border	
of	4	radial	head	fragments.

Figure	1	D:	Final	3-dimensional	model	of	Mason	type	
3	fracture.	The	radial	head	is	fractured	in	4	different	
fragments.

Figure 1: A 36-year-old woman dislocated her right elbow while rollerblading, 

fracturing her radial head.
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Statistical Analysis
Continuous data are presented as the mean (range). Mean fragment volume and 
articular surface area were calculated for every Mason fracture type. Relative refer-
ences are reported as percentages.    

 
Results
In this study, 17 fractures created 2 fracture fragments, 15 created 3 fracture frag-
ments and 14 created 4 or more fracture fragments (Table I).  The fractures were 
classified as unstable in 36 patients and stable in 10 patients.  All Mason Type 1 frac-
tures were stable. Seven Mason Type 2 fractures were stable and 19 were unstable 
(loss of cortical contact). (Figure 2)  All Mason Type 3 fractures were unstable.  

By use of the volume measurement criterion, 39 of 125 fracture fragments 
(31%) were classified as small (<100 mm3) (Table II). Moreover, 21 fractures (46%) had 
at least 1 small fracture fragment. The mean number of small fracture fragments was 
0.85 per fracture (Table III).  

By use of the surface area measurement criterion, 65 of 96 fracture frag-
ments (68%) were classified as small (<100 mm2) (Table IV). Moreover, 31 fractures 
(67%) had at least one small fracture fragment. The mean number of small fracture 
fragments was 1.4 per fracture (Table V).

Table I. Mason Type and Number of Fracture Fragments

2 Fragments 3 Fragments ≥4 Fragments Total

Mason 1 3 0 0 3

Mason 2 7 9 10 26

Mason 3 7 6 4 17

Total 17 15 14 46

Table II. Fracture Fragment by Volumetric Criteria

Major  (>500 mm3) Minor (100 – 500 mm3) Small (<100 mm3) Total

Mason 1

2 Fragments 3 0 0 3

Mason 2

2 Fragments 6 1 0 7

3 Fragments 3 7 8 18

≥4 Fragments 4 20 24 48

Mason 3

≤3 Fragments 23 6 3 32

>3 Fragments 7 6 4 17

Total 46 40 39 125

Table III. Volume-Specific Fracture Fragment Characteristics

Mean Estimated Bone Loss by 
Volume (mm3)

No. of  Small Fragments by 
Volume Criterion

No. of Small Fragments by 
Volume Criterion per Fracture

Mason 1

2 Fragments 13 0

Mason 2

2 Fragments 81 0

3 Fragments 450 8 0.89

≥4 Fragments 514 24 2.40

Mason 3

≤3 Fragments 622 3 0.23

>3 Fragments 500 4 1.00

Total 39 0.85

No.	=	number

Figure 2: Pie chart depicting the distribution of Mason 2 fractures according to fracture “stability” 

(where unstable is defined as lack of cortical contact) and number of fracture fragments.    
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Mason Type 2 (Partial Head Fractures)
Among the 26 partial head fractures (Mason Type 2), the mean articular surface area 
of the fractured part of the radial head was 107 mm2 (range, 42 to 180 mm2) and the 
mean volume was 818 mm3 (range, 164 – 1956 mm3). These data correspond to an esti-
mated percentage of total intact surface area of 31% (range, 11 to 53%) and volume of 
25% (range, 4 to 59%), respectively.

The fracture fragments had a mean articular surface area of 61 mm2 (range, 
21 to 136 mm2), and a mean volume of 444 mm3 (range, 45 to 1540 mm3).  Of the frac-
tures, 19 fractures (73%) had 3 or 4 fracture fragments.  Unstable fractures were more 
often fragmented.  Small fracture fragments were more common among fragmented 
fractures (Tables II and IV).

Mason Type 3 
Among the 17 whole-head fractures (Mason Type 3), the mean articular surface area 
of the fractured part of the radial head was 286 mm2 (range, 204 to 414 mm2) and 
the mean volume was 2529 mm3 (range, 1353 – 3960 mm3). These data correspond to 
an estimated percentage of total intact surface area of 83% (range, 59 to 97%) and 
volume of 81% (range, 47 to 100%), respectively, meaning that there is and estimated 
17% loss of bone (e.g. small unidentified fragments) by volume and 19% by surface 
area criteria.  Only 4 fractures (24%) created more than 3 fragments (Figure 3). More 
fragmented fractures had small fragments and greater estimated bone loss.  

Discussion
Quantitative analysis of CT scans provided measurements of the volume and articu-
lar surface area of radial head fracture fragments.  The strengths of our article include 
the fact that we developed this technique with widely used software.  A consistent 
algorithm was used for bone identification (on CT slides) and automated curve and 
polygon mesh creation, which left limited room for judgment or bias on the part of 
the individual creating the model. 

The limitations of this article include the fact that we could not use the op-
posite arm to determine the volume and surface area of the unfractured radial head. 

Figure 3: Pie chart depicting distribution of Mason 3 fractures according to the number of fracture 

fragments.

Table V. Surface-Specific Fracture Fragment Characteristics

Estimated Bone Loss by Surface 
Area as % of Intact Radial Head

No. of Small fragments by 
Surface Area Criterion

No. of Small fragments by 
Surface Area per fracture

Mason 1

2 Fragments 17 0 .

Mason 2

2 Fragments 16 4 0.57

3 Fragments 13 13 1.44

≥4 Fragments 17 29 2.90

Mason 3

≤3 Fragments 16 9 0.69

>3 Fragments 20 10 2.50

Total 65 1.41

Table IV. Fracture Fragment by Surface Criteria

Major (>100 mm2) Small (<100 mm2) Total (n)

Mason 1

2 Fragments 3 0 3

Mason  2

2 Fragments 3 4 7

3 Fragments 3 13 16

≥4 Fragments 2 29 31

Mason 3

≤3 Fragments 18 9 27

>3 Fragments 2 10 12

Total 31 65 96
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Therefore, all measures expressed as a percentage of the entire head are estimates 
based on formulae determined in a separate study of intact radial heads 3. In addi-
tion, our definition of a small fracture fragment was arbitrary. Given these important 
limitations, this should be considered pilot work from which no management deci-
sions can be made. 

We found that partial-head fractures (Mason 2) are usually multi-fragment-
ed (73%) and often have small fragments that may be difficult to repair using both 
volume and surface area criteria (23 fractures  [88%]), particularly when the fracture 
is displaced and unstable. Small fragments are more common in partial than in 
whole head fractures, at least among the unstable fractures associated with elbow 
dislocation or fracture of the ulna. This finding is important because partial-head 
fractures are often considered straightforward to repair and irreparable partial-head 
fractures are rarely discussed 2, 5, 11-13.

Another important finding is that, according to the surface area criterion, 
many of the Mason 2 fractures involved less than a third of the radial head (12 out of 
26). This means that about half of these fractures would not satisfy the Broberg and 
Morrey criterion of greater than 30% of the articular surface area to be considered 
Type 2 fractures 1, 6.

Among whole-head fractures (Mason 3), only 4 (25%) had greater than 3 
fragments, but 9 (69%) of the fractures with 3 or fewer fragments had small frag-
ments. Furthermore, 7 of 13 fractures were estimated to have more than 10% bone 
loss by volumetric criteria-3 of 13 fractures by articular surface criteria-which may 
indicate lost small fragments.  Because even whole-head fractures with fewer than 
3 fragments can have small fragments, the threshold of 3 fragments in the decision 
between open reduction-internal fixation and prosthetic replacement may not help 
guide management in all cases. 

Conclusions
Quantitative analysis of 3D-CT scans is a useful technique for analyzing articular 
fracture pattern and morphology. Using this technique, we identified that that par-
tial-head fractures (Mason 2) frequently involve less than a third of the radial head 
surface area, partial-head fractures have more small and difficult-to-repair frag-
ments than whole-head fractures (Mason 3), and whole head fractures with more 
than 3 fragments are relatively uncommon but some 3-fragment fractures have small 
fragments. These findings may influence our conception and classification of radial 
head fractures. For now, this technique is primarily designed for research purposes 
and not for patient care, but with further development Q3D-CT might prove useful in 
management decisions for individual patients. 

References

1.  Broberg MA, Morrey BF. Results of treatment of fracture-dislocations of the elbow. Clin Orthop 

Relat Res. 1987(216):109-19.

2.  Doornberg J, Elsner A, Kloen P, Marti RK, van Dijk CN, Ring D. Apparently isolated partial 

articular fractures of the radial head: prevalence and reliability of radiographically diagnosed 

displacement. J Shoulder Elbow Surg. 2007;16(5):603-8.

3.  Guitton TG, van der Werf HJ, Ring D. Quantitative Measurements of the Volume and Surface 

Area of the Radial Head. J Hand Surg Am 2010: 35(3): 457-63.

4.  Johnston GW. A follow-up of one hundred cases of fracture of the head of the radius with a 

review of the literature. Ulster Med J. 1962;31:51-6.

5.  Lindenhovius AL, Felsch Q, Doornberg JN, Ring D, Kloen P. Open reduction and internal fixation 

compared with excision for unstable displaced fractures of the radial head. J Hand Surg Am. 

2007;32(5):630-6.

6.  Mason ML. Some observations on fractures of the head of the radius with a review of one 

hundred cases. Br J Surg. 1954;42(172):123-32.

7.  Matsunaga FT, Tamaoki MJ, Cordeiro EF, Uehara A, Ikawa MH, Matsumoto MH, et al. Are clas-

sifications of proximal radius fractures reproducible? BMC Musculoskelet Disord. 2009;10:120.

8.  Morgan SJ, Groshen SL, Itamura JM, Shankwiler J, Brien WW, Kuschner SH. Reliability evaluation 

of classifying radial head fractures by the system of Mason. Bull Hosp Jt Dis. 1997;56(2):95-8.

9.  Morrey B. Radial head fractures. In: BF M, editor. The elbow and its disorders. Philadelphia: WB 

Saunders; 1985. p. 355-81.

10.  Rineer CA, Guitton TG, Ring D. Radial head fractures: loss of cortical contact is associated with 

concomitant fracture or dislocation. J Shoulder Elbow Surg.19(1):21-5.

11.  Ring D, Quintero J, Jupiter JB. Open reduction and internal fixation of fractures of the radial 

head. J Bone Joint Surg Am. 2002;84-A(10):1811-5.

12.  Ring D. Open reduction and internal fixation of fractures of the radial head. Hand Clin. 

2004;20(4):415-27, vi.

13.  Ring D. Displaced, unstable fractures of the radial head: fixation vs. replacement-what is the 

evidence? Injury. 2008;39(12):1329-37.

14.  Rodt T, Bartling SO, Zajaczek JE, Vafa MA, Kapapa T, Majdani O, et al. Evaluation of surface and 

volume rendering in 3D-CT of facial fractures. Dentomaxillofacial Radiol. 2006;35(4):227-31.

BW_def.indd   50-51 07-02-11   22:25


