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論 文 内 容 の 要 旨 

INTRODUCTION 

Bone drilling is an essential technique in orthopedic surgery for skeletal disorders. When 

osteosynthesis is desired, a pilot hole is made prior to a screw's insertion into the bone. Since bone 

is a fragile material, the use of a drill bit made of a hard material such as metal is likely to cause 

damage to the wall of the drill hole. Such hole-wall damage contributes to subsequent screw 

loosening. Investigations of this damage have focused on the use of solid drills, although a 

cannulated drill has been more commonly used for medical purposes, such as for drilling a pilot 

hole for a cannulated cancellous screw (CCS). CCSs are used for a variety of applications, but one 

of the main uses is screw-only osteosynthesis at the metaphysis and epiphysis. We have searched 

for but found no published study concerning the hole-wall damage that occurs with a cannulated 

drill. Although cannulated drills are controlled by guide pins, it is still possible to damage the hole 

wall, depending on the bone quality. For example, surgeons have often observed that in patients 

with osteoporosis, sufficient screw fixation strength cannot be obtained when bone fragments at 

metaphysis and epiphysis are fixed with a CCS, making treatment difficult. The aim of this study 

was to clarify the relationship in cancellous bone between bone density and drill-hole diameters 

made by cannulated drills. We hypothesized that the drill-hole diameters in cancellous bone would 

be enlarged in osteoporotic bone compared to healthy bone, even with the use of hollow drills.  

 

MATERIALS AND METHODS 

Drill Bits 

Two types of surgical cannulated drill bits that have different tip shapes were prepared.  

The drill bits with a triple (Type “T”) flute (Teijin Medical Technologies, Osaka, Japan) and the 

drill bits with a quadruple (Type "Q") flute (Meira Co., Aichi, Japan). Type T1 bits with 3.5 mm 



and Type T2 bits with 4.4 mm diameters. Type Q1 bits with 3.5 mm and type Q2 bits with 4.2 mm 

diameters. 

Simulated Bone 

Polyurethane foam blocks (Sawbones, Vashon Island, WA, USA) with a density of 5, 10, 

15, or 20 pounds per cubic foot (pcf) were used as simulated bone. Composite blocks minimize 

inter-specimen variability and meet the American Society for Testing and Materials (ASTM) 

standard #F1839-08. 

Drilling Procedure 

Drilling was performed manually in simulated bones with four densities: 5, 10, 15, and 20 

pcf. Matching guide pins were manually inserted into small holes (40 holes/block and 160 holes 

in total) uniformly located in each of the bone blocks simulating one of the four bone densities. 

The drilling was then performed along the guide pin with the use of a rotary tool with a constant 

rotational speed of 1,900 rpm 

Measurment of Drill-Hole Diameters 

The diameter of each hole was measured using a coordinate-measuring machine (model 

UPMC850; Carl Zeiss Co., Oberkochen, Germany). Five measurement points were selected at 2, 

5, 10, 15, and 20 mm from the simulated bone surface, and measurements were performed once 

for each hole. 

Measurement of Screw Pull-out Strength 

Screw pull-out strengths were measured for the drill holes made by the Type T1 and Q1 drill 

bits (n=10 drill holes for each bit). The same cannulated cancellous screw made from titanium 

alloy was used in all cases. The pull-out strength was measured by a mechanical loading machine 

(model 5565; Instron, Canton, MA, USA). The maximum load achieved without the screw coming 

loose was defined as the pull-out strength. 

Statistical analysis 

The data were analyzed with the JMP 16 program (SAS Institute, Cary, NC, USA). A simple 

regression analysis was applied to examine the relationships between the drill-hole diameters and 

the density of the simulated bone. Mann-Whitney's U-test was used to compare the drill-hole 

diameters and screw pull-out strength between the different-type (T1 vs. Q1) drill bits with same 

diameter in each density of simulated bone. Probability (p)-values <0.05 were considered 

significant in all statistical analyses. 

 

RESULTS AND DISCUSSION 

In all cases, the diameter of the drill hole was larger than that of the drill bit. The diameters 

of the holes drilled using the Type T drill bits expanded by 1.3%–12.3% relative to the bit diameter. 

The diameters of the holes drilled using the Type Q drill were expanded by 1.1%–4.7%, which 



was less than for the Type T drill bits. These enlargement ratios tended to be greater in the low-

density simulated bone (5 or 10 pcf) and showed large differences between the drill types. In 

contrast, in the high-density simulated bone (15 or 20 pcf), the enlargement ratios were quite low 

and showed little difference between the drill types. 

For all four drill bits, the drill-hole diameter was negatively correlated with the density of 

the simulated bone. The regression coefficient indicated the ease of hole enlargement, with the T1 

drill bit having the largest value at −0.028, followed by the T2 drill bit at −0.016, the Q1 drill bit 

at −0.009, and the Q2 drill bit having the smallest value at −0.008. 

There were differences in the drill-hole diameters between the Type T1 and Type Q1 drill 

bits, even though they had same diameter. The drill-hole diameter made with the Type T1 drill bit 

was larger than that made with the Type Q1 bit, with the diameter difference being 0.267 mm at 5 

pcf, 0.204 mm at 10 pcf, 0.027 mm at 15 pcf, and 0.006 mm at 20 pcf. There were significant 

differences between drill types, with the exception being the 20-pcf simulated bone. In the 

osteoporosis model, differences in the drill-hole diameters between the drill bits were clearly 

observed. In the healthy bone model, we observed the same tendency for drill-hole diameter 

differences, but the differences were smaller, and the only significant difference was observed for 

the 15-pcf bone. 

The pull-out strength was lower in the Type T1 cases which had larger hole diameters 

compared to the Type Q1 cases, with the exception of the 20-pcf bone. The pull-out strength with 

Type Q1 was 2.31 times higher in 5 pcf, 1.21 times higher in 10 pcf, and 1.03 times higher in 15 

pcf than that of Type T1. At 20 pcf, the pull-out strength for the drill holes made with the Type T1 

bit was higher than that of the drill holes made with the Type Q1 bit. 

 

CONCLUSION 

At least in the case of cannulated drill bits of 3.5, 4.2 or 4.4 mm diameter, the drill-hole 

diameters for osteoporotic cancellous bone tend to be larger than those for healthy cancellous bone. 

Additionally, four-flute drills may achieve smaller hole diameter enlargement compared to three-

flute drills. Our findings underscore that drill-hole diameter should be considered for the 

prevention of implant loosening in osteoporotic bone, and further developments in both implants 

and related tools such as drill bits are expected.  


