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Abstract 

Background 

With the ever-increasing ageing population minimally invasive techniques such as interlocking nailing for the stabilization of fractures 

have become standard of care. On the other hand, joint replacement is becoming clearly the focus of interest of many surgeons dealing 

with the geriatric population. Both surgical techniques require detailed information about the internal structure and geometry of the 

medullary canal. 

Purpose 

Few publications provide data on the dimension and shape of the humeral medullary canal. The available data show a high variability and 

describe either the proximal or the distal portion of the canal. Our purpose was to provide reliable data on the form and shape of the entire 

medullary canal. 

Material and Methods 

22 humeral bone from elderly donors (mean age 74 years) from the anatomical institute were evaluated. Of these samples, 12 were male 

and 10 were female. Right and left were equally distributed. The canals of the bone were cleaned and filled with a radiopaque paste. 

Twelve plane x-rays were taken from each bone (axially rotating the bone in steps of 15 degrees). A virtual longitudinal middle axis was 

built in each projection and the boarder of the medullary cavity was measured along the medullary canal in steps of 10% of its respective 

length. Cross sections at each measuring point were calculated using trigonometric algorithms to reconstruct the geometry and dimensions 

of the canal. 

Results 

The average canal length was 23,1 cm (mean values, n=22) and correlated with the total length of the humerus. The evaluated section of 

the medullary canal in our study measured 19,6 cm (60% of the total humeral length). The frontal diameter at the proximal cross section 

was measured as 17,3 mm and the lateral diameter as 16,1 mm (mean values, n=22). The diameter of the approximately circular cross-

sections decreases continuously from proximal to distal and measures 10,6 (frontal) and 9,6 (lateral) mm at the end of the medullary canal. 

Conclusions 

The canal illustrates a carrot or funnel shape configuration in all planes in accordance with previous findings. Beyond that we were able 

to show that the cross-section of the humeral channel is almost circular in all sections. A retroversion of the most proximal section of the 

canal was described by some authors. In our measurement we excluded the variable extension of the medullary canal into the humeral 

head and could show a straight geometry at the proximal 50-60% of the evaluated canal in relation of a central canal axis. Our data confirm 

an angulation or bend at the distal 40% of the canal that was also seen in previous investigations. 

Clinical Relevance 

The characteristic carrot or funnel shaped medullary canal of the humerus has impact on either the ante- and retrograde nailing technique 

for fracture stabilization or on the design of prosthesis stems in shoulder arthroplasty. The absence of a relevant bending or angulation of 

the canal in the proximal 50% to 60% may allow for the design of better fitting prosthesis stems in future product developments. 
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Introduction 

      

     Detailed information about the inner structures and 

internal diameters of the humerus are of interest on the one 

hand to improve intermedullary nail concepts for acute 

fracture care and on the other hand to identify an optimal 

fitting geometry for prosthesis stems in shoulder 

arthroplasty.  

     With regard to the former the choice of the best nail 

length and diameter depends on the individual shape of the 

medullary canal.  

     Greater detail in anatomical data can better define the 

appropriate modern stabilization concepts available to the 

surgeon 

     While the data on the external (periosteal) geometry of 

the humerus in the vicinity of the shoulder joint are widely 

available, there is however a lack of data about the 

geometry of the relevant section of medullary canal. This 

information could greatly assist by improving implant 

design in the sense of a safe, press fit anchoring of the 

prosthesis stem. 

     In either situation, the older population is increasingly 

involved. Anatomical measurement and analysis from 

donors representing the older geriatric population is 

therefore best suited for this effort. 

 

Materials and Methods 

 

     22 formalin-alcohol fixed humeral specimens were 

investigated (10 female, 12 male). Right and left were 

equally distributed. The mean age of the donors was 74 

years in both genders (ranging from 53 to 90; male 63 – 

84; female 53 - 90). 

     A window was cut out of the humeral shaft in the 

frontal plane along the entire medullary canal according to 

Figure 1, starting at the proximal epiphysis (thickness of 

the sawblade was 0,4 mm).  The medullary cavity was 

cleaned with a soft brush to remove blood clots and fat. 

After sealing the inner bone surface with hot liquid wax, 

the cavity was completely filled with a radiopaque paste 

(Vaseline mixed with Barium sulfate). After closing the 

bone window, a total of 12 plane radiographs were taken 

from each specimen, starting a.p. and then turning the bone 

clockwise along a longitudinal axis in sequential steps of 

15 degrees. 

     The width of the entire medullary canal was measured 

along its longitudinal axis in each radiographic projection. 

The area of measurement included the regularly shaped 

canal immediately adjacent to the proximally and distally 

located cancellous epiphyseal areas (Figure 2). A central 

axis was built as a line connecting the center of the canal 

proximal with the center at the end of the canal in each 

projection. The length of the individual medullary canal 

was then divided into steps of 10% for a better 

interindividual comparison and the width of the respective 

canal was measured at each measuring point from the 

middle axis to the border of the canal using an electronic 

caliper with accuracy 0.1 mm. 

Statistical analyses were made using Sigma Plot™. A non-

parametrical test was used (Rank Sum Test) to compare 

male with female and right with left side. The difference 

was considered to be significant with p < 0,05. The exact 

values are given in a Table 3. 

 

Results 

 

    The mean total length of the 22 humeri was 31,0 cm 

(from 27,9 to 35,2; see a in Table 1) 

     The mean length of the canal was 23,1 cm (from 19,4 

to 27,5) The length of the canal correlated with the 

respective total bone length. The mean evaluated section 

of the canal was 19,6 cm (60% of the total humeral length). 

The proximal cancellous section measured 6,9 cm (mean 

value, n = 22; from 5,2 cm to 8,1 cm). The thickness of 

this section did not correlate with either gender or side. 

Values are given in Table 1 with correction factor for the 

radiographic enlargement. The 3-D graphic in Figure 3 

was built on the mean values of all 22 specimens 

illustrating the basic shape of the humeral cavity. The 

cross-sections along the entire length of the evaluated 

canal show a nearly circular geometry (see also Figure 7). 

     The data (mean values) are provided in Table 2 with 

basic statistical values. On average (all specimens, n=22) 

the width at the entry point of the medullary canal 

(measurement at 0%) is 17,3 mm in the frontal plane (a.p.) 

and 16,1 mm in the lateral plane. The size of this nearly 

circular cross section decreases continuously to the distal 

end of the humerus, where it measures 10,6 mm (frontal 

plane) and 9,6 (lateral plane). Statistically significant 

differences are only detected comparing the values of male 

to female in the proximal half of the lateral plane (Table 

3).
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Sex Side Age a a* b c d e f g 

w li 53 31,4 34,3 21 24 6 5,5 2,9 0,92 

w re 54 29,7 32 20 22 6,2 4,8 2,3 0,93 

m li 63 31 32,8 18 22,6 8 4,8 1,8 0,95 

w re 63 29,4 31,9 20,5 24 5,2 4,7 2,5 0,92 

m re 64 32,3 34,9 21 25 7 4,5 2,6 0,93 

w re 69 29,5 32,1 19 21,5 6,5 5,4 2,6 0,92 

w li 71 31,4 33,8 20 22,5 6,5 5,5 2,4 0,93 

m re 73 30,4 32,5 17 21,5 8 5 2,1 0,94 

m re 74 31,2 33,3 21 24,7 6,5 4,3 2,1 0,94 

m li 74 31,3 33,8 20 25 7 4,5 2,5 0,93 

m li 75 32,9 35,9 21 24,5 7,1 5,4 3 0,92 

m li 75 30,9 33,7 19 23,5 7,5 4,5 2,8 0,92 

m li 76 33,5 35,9 22 27,5 7 5,2 2,4 0,93 

m re 76 31,1 33,7 17 20 8,1 6,8 2,6 0,92 

m re 77 35,2 37,8 24 27 7 5,5 2,6 0,93 

m re 78 32 34,9 20 24 7,5 5,4 2,9 0,92 

w li 81 30,9 33,3 20 24,5 6,5 4,5 2,4 0,93 

m re 84 33 36,4 21 25 8 5,2 3,4 0,91 

w li 84 28,4 30,4 17 19,4 7,1 5 2 0,93 

w li 85 28,5 29,9 17 19,5 6,5 5,2 1,4 0,95 

w li 86 27,9 30,4 16,5 19,5 6,6 5,2 2,5 0,92 

w re 90 30,5 32,9 19 22 7 5 2,4 0,93 

           

   Age a a* b c d e f g 

 n 22 22 22 22 22 22 22 22 22 

 Mean 73,9 31 33,5 19,6 23,1 6,9 5,1 2,5 0,9 

 Min 53 27,9 29,9 16,5 19,4 5,2 4,3 1,4 0,91 

 Max 90 35,2 37,8 24 27,5 8,1 6,8 3,4 0,95 

 St dev 9,8 1,8 2 1,9 2,3 0,7 0,5 0,4 0,01 

atotal bone length; a*total bone length in the x-ray; bevaluated section of the medullary canal; ctotal length of medullary canal; dlength between 

Head and evaluated canal; elength between distal end of the humerus and evaluated canal; fdifference between true bone length and length in 

the x-ray; gmagnification factor (x-ray) 

Table 1: Values as per Figure 1. 

 

 

Frontal 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

n 22 22 22 22 22 22 22 22 22 22 22 

Mean 17,3 15,2 13,9 13 12,3 11,7 10,7 10,3 9,9 10,4 10,6 

St dev 12,6 12,6 12,6 12,6 12,6 12,6 12,6 12,6 12,6 12,6 12,6 

Min 13,7 11,1 9,2 8,5 8,1 7 5,8 5,8 6,1 6,3 5,4 

Max 22,2 19,3 18,8 17,7 17,8 17,8 16,7 15,9 13,4 13,2 12,6 

            

Lateral 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

n 22 22 22 22 22 22 22 22 22 22 22 

Mean 16,1 14,3 13,5 12,4 12,1 11,4 10,9 10,9 11 10,6 9,6 

St dev 12,6 12,6 12,6 12,6 12,6 12,6 12,6 12,6 12,6 12,6 12,6 

Min 11,2 9,6 8,9 8,2 8,6 8,8 8 8 8,5 8,3 7,8 

Max 20,6 19,9 19,5 17,9 16,6 15,8 15,8 13,2 13,4 12,3 11,8 

(a) frontal and lateral plane of all specimens (n=22) 
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Frontal 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

n 12 12 12 12 12 12 12 12 12 12 12 

Mean 18 16,3 14,9 13,7 13,3 12,4 11,4 11,1 10,4 10,6 10,7 

St dev 3,5 3,5 3,5 3,5 3,5 3,5 3,5 3,5 3,5 3,5 3,5 

Min 15 13,7 11,5 10,3 9,3 8,2 7,4 7,3 6,5 6,3 5,4 

Max 21,2 19,3 18,8 17,7 17,8 17,8 16,7 15,9 13,4 13,2 12,6 

            

Lateral 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

n 12 12 12 12 12 12 12 12 12 12 12 

Mean 17,4 15,6 15,1 14 13,4 12,2 11,8 11,6 11,7 11,1 9,7 

St dev 1,8 2,2 2 2 1,8 2 2,1 1,6 1,6 1,3 1,1 

Min 15 10,9 12,1 10,5 11,1 9,4 8,1 8 8,5 8,3 7,8 

Max 20,6 19,9 19,5 17,9 16,6 15,8 15,8 13,2 13,4 12,3 11,4 

(b) frontal and lateral plane of male specimens 

Frontal 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

n 10 10 10 10 10 10 10 10 10 10 10 

Mean 16,4 14 12,8 12 11,2 10,9 9,9 9,3 9,4 10,1 10,4 

St dev 2,6 2,2 2,2 2,4 1,9 2 1,9 1,7 1,6 1,6 1,4 

Min 13,7 11,1 9,2 8,5 8,1 7 5,8 5,8 6,1 6,5 7,2 

Max 22,2 17,5 15,4 15,1 13,4 13,1 11,7 11,2 11 12,4 12 

            

Lateral 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

n 10 10 10 10 10 10 10 10 10 10 10 

Mean 14,6 12,7 11,5 10,5 10,5 10,4 9,9 10,2 10,1 10,1 9,5 

St dev 2,2 1,7 1,3 1,3 1,2 1,6 1,6 1,3 1,5 1,2 1,3 

Min 11,2 9,6 8,9 8,2 8,6 8,8 8 8,5 8,5 8,4 8 

Max 18 15,4 13,1 11,9 12,5 12,6 12,6 12,3 13,3 12,3 11,8 

(c) frontal and lateral plane of female specimens 

Frontal 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

n 11 11 11 11 11 11 11 11 11 11 11 

Mean 17,9 15,9 14,5 13,5 12,8 12 11 10,5 10,2 10,6 10,9 

St dev 2,4 2,2 2,3 2,2 2,1 2,1 2 1,9 1,7 1,7 1,5 

Min 13,7 11,1 9,5 8,5 8,1 7 5,8 5,8 6,1 6,5 7,2 

Max 22,2 19,3 17,5 16,5 17,1 15,6 14,1 13,5 13,4 13,2 12,6 

            

Lateral 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

n 11 11 11 11 11 11 11 11 11 11 11 

Mean 16,8 15,1 14,1 12,7 12 11,4 11,2 11,1 11,1 10,7 9,5 

St dev 2,2 2,5 2,7 2,4 2,2 1,9 1,5 1,4 1,5 1,3 1 

Min 11,2 9,6 8,9 8,4 9,4 8,8 8,3 8,5 8,5 8,5 8 

Max 19,6 19,9 19,5 17,1 16,5 15,1 14 13,1 13,1 12,3 11,4 

(d) frontal and lateral plane of right specimens 

Frontal 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

n 11 11 11 11 11 11 11 11 11 11 11 

Mean 16,6 14,5 13,4 12,4 11,9 11,4 10,3 10,2 9,7 10,1 10,2 

St dev 2,2 2,2 2,6 2,6 2,6 2,8 2,6 2,6 1,7 1,8 2 

Min 13,8 11,1 9,2 8,9 8,6 8,2 7,4 7,2 6,5 6,3 5,4 
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Max 21,2 18,3 18,8 17,7 17,8 17,8 16,7 15,9 12,3 12,4 12,6 

            

Lateral 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

n 11 11 11 11 11 11 11 11 11 11 11 

Mean 15,4 13,5 12,9 12,2 12,1 11,4 10,6 10,7 10,9 10,5 9,7 

St dev 2,5 2,1 2,2 2,6 2,1 2,1 2,5 1,8 1,9 1,4 1,4 

Min 12,6 10,9 10,3 8,2 8,6 8,8 8 8 8,5 8,3 7,8 

Max 20,6 17,2 17,7 17,9 16,6 15,8 15,8 13,2 13,4 12,3 11,8 

(e) frontal and lateral plane of left specimens 

Table 2: Mean values of the diameter (proximal to distal) in the two major planes. 

 
 Frontal Lateral Frontal Lateral 
 right v. left right v. left male v. female male v. female 

0% NOT (0,158) NOT (0,082) NOT (0,065) YES (0,008) 

10% NOT (0,131) NOT (0,123) YES (0,035) YES (0,003) 

20% NOT (0,200) NOT (0,168) NOT (0,060) YES (0,001) 

30% NOT (0,293) NOT (0,577) NOT (0,166) YES (0,001) 

40% NOT (0,264) NOT (0,974) YES (0,035) YES (0,001) 

50% NOT (0,393) NOT (0,844) NOT (0,262) YES (0,048) 

60% NOT (0,123) NOT (0,430) NOT (0,187) NOT (0,064) 

70% NOT (0,599) NOT (0,718) YES (0,023) YES (0,030) 

80% NOT (0,844) NOT (0,895) NOT (0,113) YES (0,047) 

90% NOT (0,470) NOT (0,844) NOT (0,391) NOT (0,113) 

100% NOT (0,357) NOT (1,000) NOT (0,373) NOT (0,843) 

Table 3: Statistical analysis. Values are obtained using a Rank sum test (Sigma Plot™). p-Values are given in brackets. 

 

Canal ratio frontal plane 

HFL-100 all male female right left 

n 22 10 12 11 11 

Mean 1,7 1,8 1,6 1,7 1,7 

Min 1,2 1,2 1,3 1,3 1,2 

Max 3 2 3 2 3 

St dev 0,4 0,2 0,5 0,2 0,5 

            

HFL-50 all male female right left 

n 22 12 10 11 11 

Mean 1,5 1,5 1,5 1,5 1,5 

Min 1,1 1,1 1,3 1,3 1,1 

Max 2 2 2 2 2 

St dev 0,3 0,3 0,3 0,2 0,3 

 

Canal ratio lateral plane 

HFL-100 all male female right left 

n 22 12 10 11 11 

Mean 1,7 1,8 1,6 1,7 1,7 

Min 0,3 0,2 0,4 0,2 0,5 

Max 1,1 1,4 1,1 1,3 1,2 

St dev 2,2 2,2 2,2 2 3 

            

HFL-50 all male female right left 

n 22 12 10 11 11 

Mean 1,4 1,4 1,4 1,5 1,4 

Min 0,2 0,1 0,3 0,3 0,2 

Max 1,1 1,2 1,1 1,2 1,1 

St dev 2 1,6 2 2 1,6 

 

Table 4: Ratio of the canal width HFI-100 (proximal diameter at 0% / distal diameter at 100%) and Ratio of the canal width 

HFI-50 (proximal diameter at 0% / diameter at 50%) 

 

     Of interest in the samples that we reviewed was that 

there was no narrowing or isthmus at any position along 

the entire canal, and the configuration of the humeral canal 

presents more like a funnel or a carrot. In the proximal half 

of the canal the geometry is found to be nearly symmetrical 

displaying a conical shape. In the distal half the canal 

shows a slight bend with an amplitude of 3,5 mm relative 

to the central axis (Figure 6). This deviation from the 

central axis in the distal half is more clearly shown in 

Figure 7, where the cross section at 0% and at 100% are 

overlaid and the maximum deviation of the canal at 80% 

is demonstrated in relation to the central axis. 

     As a proportion for the decrease of the canal diameter 

from proximal to distal the ratio between the diameter at 
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0% / 100% and at 0% / 50% is given in Table 4 as the 

humeral flare index (HFI-100, HFI 50). The HFI-100 is 1,7 

(from 1,6 to1,8). The HFI-50 is more uniform 1,5 (from 

1,4 to 1,5). Statistically significant differences between the 

tested groups have not been found. 

     The age of the donors ranged from 53 years to 90 years 

with an average of 74 years. The linear regression analyses 

did not reveal any dependency between age and diameter 

of the medullary canal (Figure 8). 

 

Figure 1: Distances measured. 

 

 

Figure 2: Cut through a proximal humerus. The dense cancellous 

bone in the head is seen. The medullary canal extends into the 

head. In the very proximal part of the medullary canal cancellous 

bone trabecula are attached to the cortical bone layer (B). 

Measurement in this study started at A just distal to the 

cancellous area. 

  

Figure 3: 3-D Graphic showing the basis shape and geometry of 

the medullary canal in the evaluated section. The calculation 

based on the mean values of all specimens (n=22). 

 

 

Figure 4: Diameter of the medullary canal in the two major 

planes. Values of male specimens are compared to values of 

female specimens. Circles show the mean values. Differences are 

statistically significant in the proximal half of the canal in the 

lateral plane.  
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Figure 5: Diameter of the medullary canal in the two major 

planes. Values of right specimens are compared to values of left 

specimens. Circles show the mean values. Differences are only 

shown in the proximal half of the canal. 

 

Figure 6: The graphic shows the deviation of the canal middle 

line relative to the straight central axis connection the center of 

the proximal cross section (0%) with the center of the distal cross 

section (100%). The deviation in the proximal half is very low. 

A bend is seen in the distal half of the canal. 

 

Figure 7: The circular cross section geometry of the proximal 

(0%) and distal (100%) canal is shown. The central axis passes 

to the center of these both circles. The deviation of the canal at 

80% is demonstrated (hollow circles). 

 

Figure 8: The diameters of all specimens according to age (x-

axis) is shown on the y-axis in the two major planes. For each 

specimen 10 values (measurement from 0% to 100%) are 

displayed. The linear regression does not detect any dependency 

of the canal width relative to age. 

 

     The size of the standard deviation and the range 

between minimum and maximum values indicates that 

there are great differences among the specimens. The basic 

configuration of the canal however is unaffected by these 

individual variations. The mean values in the two major 

planes (frontal and lateral) are displayed in Figure 4 for the 

right and left specimens and in Figure 5 for the differences 

between male and female.  The differences are clearly 

higher in the proximal half of the cavity. A statistically 

significant difference could not be recognized for the 

diameters of the canal in the frontal or lateral plane in 

relation to the right and left side. In the male specimens a 

larger diameter is recognized at the proximal half of the 

canal clearly visible in the lateral plane (Figure 5). These 

differences prove to be significant (Table 3). Mean values 

are given in Table 2. 

 

 

Discussion 

 

Morphometric features of the humerus differ remarkably 

from those of the other long bones. A characteristic feature 

of femur and tibia is a bottleneck (isthmus) in the middle 

section of the medullary canal [9,10]. In contrast to this the 

humerus shows a carrot or funnel-shaped configuration. 
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The geometry of cross-sections of the humeral medullary 

canal at the proximal and distal end is nearly circular. It 

starts proximally with a large diameter of 17,3 mm frontal 

and 18,0 mm lateral, tapering off to as little as 10,6 mm 

(frontal) and 9,6 mm (lateral). Problems with the 

intramedullary stabilization of humerus fractures due to 

the form of the humeral canal have already been pointed 

out in previous clinical studies [7, 8] However, the funnel 

shaped character of the medullary canal in the humerus 

was expressly first described by Akpinar [1].  

     As a second characteristic feature Akpinar [1] stated 

that the canal is almost straight. Nevertheless, an anterior 

angulation 9 degrees on average located in the distal third 

of the medullary canal was described in his study. This 

finding is mirrored by the description of Drews [3] who 

mention an anteversion at the distal part of the medullary 

canal. Our investigation confirms a straight canal axis in 

the proximal 50% to 60% of the total length. Distally we 

found a bend more than an angulation. The amplitude of 

the bend was located at 70% to 80%. This bend captures 

obviously the same geometrical feature, but unlike 

Akpinar [1] and Drews [3] we evaluated in our study the 

entire cortical abutted medullary canal by measurement of 

the anatomical specimens in multiple radiographic 

projections and referenced to a virtual middle axis, while 

they focused their investigation on X-ray images (only 

lateral projection) of the distal humerus and CT analyses 

respectively. 

     Robertson [6] described a retroversion of the proximal 

section of the canal that was found to have a similar 

orientation to that of the humeral head with an extremely 

variable morphology. Drew [3] also measured a 

retroversion at the proximal section of the medullary canal. 

In contrary to our investigation they included the proximal 

extension of the medullary canal into the cancellous area 

of the head. We started measurement distal to the humeral 

head and invariably evaluated the section of the medullary 

canal where no cancellous bone is present (see Figure 2). 

This may explain the differences. By excluding these 

uncertainties, we believe that the data collected here 

provides a clearer picture of the actual anatomical 

relationship of the relevant anatomical canal in the shaft 

diaphysis (see Arthroplasty below). 

     Statistically significant differences on either sex or side 

were low or undetectable in our material. Only the 

diameters between male and female donors in the lateral 

projection differ significantly (Rang sum Test, p < 0,05, 

see Table 3). However, these differences mainly affect the 

proximal half of the canal. Drews [3] found statistically 

significant differences also between right and left 

specimens and between male and female donors. The latter 

is in accordance with our data whereas significant 

differences on laterality could not be detected. An age-

related change of the geometry and size of the medullary 

canal could not be proved. However, the age distribution 

in this study is not meaningful enough. A greater spread of 

age is needed as well as a higher number of samples. 

     Description of size and diameter of the medullary canal 

that are described here may help to improve fracture 

stabilization techniques with retrogradely or antegrade 

introduced metal rods. The funnel shape of the entire canal 

suggests that other techniques like expanding resin rods 

that recently came to the market [4] may have a greater 

role in the repairs. A similar example is reverse. 

     Arthroplasty which became more popular in the last 

decade in order to restore function in the presence of 

severe degeneration of the rotator cuff in elderly patients 

[5,11]. The exact geometry at the proximal half of the 

canal may serve as a data base for the development of 

prosthesis stems that are better fitting into the bone 

marrow. To make the data more usable we started and 

ended with our measurement at a point where there was no 

cancellous trabecula at the inner wall of the cortical bone. 

The data can therefore help others to design a more press 

fit anchoring of the prosthesis stem. As there are broad 

variations in terms of the individual size of the canal an 

index that describes the tapering of the canal may be more 

useful. The flare index as a proportion of the entry of the 

canal to the distal end of the humeral canal (HFI-100) is 

relatively uniform (mean 1,8). For the design of press fit 

prosthesis stems a flare index with respect to the proximal 

50% of the canal (Hfl-50) including only the straight 

portion of the canal) varies less and therefore seems to be 

more useful (see Table 4). 

     Additionally, bone geometry has been shown to vary 

among different ethnical groups for other long bones [2] 

and should be taken into consideration in future studies. 

     A limitation of this study is the relatively small number 

of specimens (n=22). As in other investigations on the 

humerus the data show a wide variability. However, the 

typical form and geometry of the humeral canal could be 

clearly demonstrated. Further investigation is needed to 
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improve the data basis.  

 

Conclusion 

 

     Future development of intramedullary nails and 

prosthesis stems should refer to the conical shape in the 

proximal half of the canal. The straight axis of the 

proximal half of the canal in combination with a nearly 

circular geometry of the cross sections along the entire 

canal may help to improve a press fit stem design. Values 

on the width of the canal vary widely among the 

specimens. But statistically significant differences were 

only seen between male and female donors in the proximal 

half of the canal. Intramedullary nails for fracture 

stabilization are attractive because of the minor surgical 

trauma. Interlocking screw at the proximal half of the canal 

are necessary. Expandable nails could help to avoid 

proximal instability of the intramedullary implant. 
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