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Results, summarized in the table, show that the 6mm 
combined (medial + lateral) cortical thickness cutoff 
consistently distinguished the data in terms of donor 
age, BMD (derived from DEXA scans), UFL (N), and 
energy absorbed to fracture.  The clear distinction 
between the 6mm cutoff and the other two cutoffs 
(4mm and 5mm) is shown by the fact that all cells in 
the 6mm p-value matrix at the right in the table are 
statistically significant (all cells are grayed for the 6mm 
value).  In contrast to [1] where a 4mm threshold 
showed a significant difference in proximal humerus 
BMD (they did not determine UFL), we found no 
statistically significant difference in UFL and energy 
absorption when using the 4mm cutoff.  The data also 
showed that the 6mm combined cortical thickness 
cutoff is also more consistent in distinguishing the age 
and energy absorption data than C.I. measurements 
taken at the same locations (Part B of the Table). 

Algorithms have been devised that facilitate decision 
making for the operative and non-operative treatment 
of proximal humerus fractures.  A popular and very 
useful treatment algorithm is that of Nho and co-
workers [1] (Fig. 1).  The aspects of their algorithm 
that is the focus of this investigation are the branch 
points where cortical thickness measurements are 
made using an anterior-posterior (AP) radiograph.  
These branch points are based on the combined 
cortical thickness measured at the medial and lateral 
cortices of the proximal metaphysis/diaphysis.  If this 
measurement is <4mm then it is recommended to 
avoid open reduction and internal fixation (ORIF).  A 
problem with the 4mm cutoff is that it is not based on 
data derived from mechanical testing.  We sought to 
determine if the 4mm threshold should be modified 
as the definition of the branch points in the fracture 
treatment algorithm of Nho et al. (2007).  We also 
sought to determine if the threshold when defined as 
a value greater than 4mm is better than the “cortical 
index” (defined below) for determining if ORIF should 
be used instead of hemi-endoprosthetic replacement 
for osteoporotic proximal humerus fractures. 

34 fresh-frozen cadaveric humeri (mean 59 yrs; range 
39-78; 18 F, 16 M) were used. Anterior-posterior (AP) 
radiographs were taken next to an aluminum (Al) step 
wedge (one mm/step; 2-12 mm of Al) (Fig. 2). Using 
the radiographs, thicknesses of the medial and lateral 
cortices were measured in proximal locations of each 
bone, including the surgical neck (D1), and at three 
locations at these distances below D1: two cm (D2), 
five cm (D3), and seven cm (D4) (Fig. 2). Cortical 
index (C.I.) was measured at specific locations of the 
bone shaft as the difference between the outer (OD) 
and inner diameters (ID) of the bone divided by the 
OD [(OD-ID)/OD] (lower C.I. values resent weaker 
bone). Bone mineral density (BMD) was determined 
for each proximal humerus using DEXA scans [2]. 
Each humerus was loaded like a backwards fall 
(2mm/sec, 30 degrees off axis) (Fig. 3). Test data, 
recorded included: (1) UFL (N), and (2) area under 
the load-deformation curve (i.e., energy absorbed to 
fracture; N-m). Differences between fracture loads 
and among the other parameters were evaluated 
using Fisher’s PLSD test (ANOVA). 

Results of this study support modifying the main branch 
points in the algorithm of Nho et al (2007) [1] (Fig. 1).  
Consideration should be given for changing the 4mm cutoff 
that defines the main branch points to 6mm.  Data from the 
present study and our prior study [3] also show that 
morphological characteristics made using AP radiographs of 
cadaveric humeri are stronger predictors of UFL and energy 
absorbed to fracture when compared to chronological age, 
C.I., and DEXA-derived density values. These findings are 
consistent with studies showing that DEXA scans do not 
correlate strongly with fracture risk in a substantial 
percentage of patients [4,5]. Consequently, we maintain the 
opinion stated in our prior study [3] that the use of DEXA 
scans to estimate proximal humerus quality/strength must be 
questioned, especially in view of the fact that DEXA 
measurements are becoming more common in 
biomechanical studies using proximal humeri. 


