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Objective : To study the area of cannulated screw in femoral neck whether it will cause the biomechanical effect to 

femoral neck in terms of strength and stability or not and to consider the procedure to position the screws with 

multiple screw fixation method to gain appropriate placement and stable strength according to principle of 

biomechanics. 

Material and methods : 24 cadaveric femurs were brought to do an osteotomy at the center of the femoral neck with 

60 degree to the horizontal (Pauwel II) by using Image J photo analyzing program to calculate the cross-sectional area 

of femoral neck and defined screw placement in the form of an inverted triangle in three different positions by 

dividing the screw area of femoral neck in 3 different areas which were the area A, B and C. Reduction and fixation 

done with Cannulated screw No. 6.0. The femur was tested with mechanical test (Instron series IX) to analyze Axial 

stiffness, Axial load to failure, Axial Failure Displacement and Axial failure energy. This data was collected and 

interpreted.                                                                                                        

Results : Femoral neck fracture fixation by using a multiple screw fixation method with cannulated screw, was 

divided screw area in femoral neck into 3 areas which are area A (4.19 cm.2), area B (2.64 cm.2) and area C (1.35 cm.2). 

It found that area A which was the most covered areas in femur had a better biomechanical effect than area B and C 

which were less covered area in femur, respectively. Biomechanical effect in area B was better than area C in Axial 

stiffness, Axial load to failure, Axial failure displacement and Axial failure energy and there was a statistically 

significant difference.                                                                                 

Conclusion : The result of femoral neck fracture fixation by using a multiple screw fixation method with a cannulated 

screw which its placement was in the form of an inverted triangle showed that the more screw placement covers the 

femoral neck area the more it causes a biomechanical effect and the most stability after the operation. 
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(นิพนธต์น้ฉบบั) 

การศึกษาทางชีวกลศาสตรพ์ื้ นทีข่องสกรูทีย่ดึตรึงคอกระดูกตน้ขาหกั ในกระดูกตน้ขา 

 

ยทุธพงศ์  วจสีิงห์ พบ. 

กองออรโ์ธปิดิกส์ รพ.ภมิูพลอดลุยเดช พอ. 

 

ความเป็นมา : ในคอกระดูกตน้ขาหกัชนิดไมเ่ลือ่น (Femoral neck fracture Garden type 1, 2) และคอกระดูกตน้ขาหกั ในผูท้ี่อายุนอ้ย

นัน้ วธิีการรกัษาคือการยดึตรึงกระดูกที่หกัดว้ยCannulated screw (Cannulated Screw Fixation) โดยการใช ้screw 3  ตวั วาง

ต าแหน่งเป็นรูปแบบสามเหลีย่มหวักลบัเพื่อท าการยดึตรึงกระดูก ซึ่งวธิีดงักล่าวน้ีจะส่งผลทางดา้นชีวกลศาสตร ์โดยท าใหค้อกระดูกตน้ขาที่

ไดร้บัการยดึตรึงดว้ยสกรูนัน้สามารถรบัและทนต่อต่อแรงที่มากระท ารวมท ัง้มคีวามแขง็แรงม ัน่คง มากที่สุดเมือ่เทยีบกบัการยดึตรึงดว้ยสกรู

ในรูปแบบอื่น ๆ ถงึอย่างไรก็ตามยงัไมม่กีารศึกษาในเรื่องของพื้นที่ของสกรูในคอกระดูก ตน้ขานัน้มผีลต่อทางชีวกลศาสตรห์รือไม ่ดงันัน้

ผูว้จิยัจึงท าการวจิยัน้ีขึ้น โดยจะท าการศึกษาในกระดูกตน้ขาของอาจารยใ์หญ่ (Cadaveric) 

วสัดุและวิธีการ : น า Cadaver  ที่เป็นกระดูกตน้ขามาท ัง้หมด  24 ช้ิน ท า osteotomy ต าแหน่งกึ่งกลางของคอกระดูกตน้ขาท ามมุ 60 

degree to horizontal (Pauwel II) ใชโ้ปรแกรมวเิคราะหรู์ปภาพ Image J ในการค านวณพื้นที่ในแนวหนา้ตดัของ คอกระดูกตน้ขาและ

ก าหนดการวางต าแหน่งของ screw เป็นรูปแบบสามเหลีย่มหวักลบั ที่แตกต่างกนัออกเป็น  3 พื้นที่ ไดแ้ก่พื้นที่ A, B และ C  ท าการ

reduction และ Fixation ดว้ย Cannulated screw No 6.0 แลว้น ามาทดสอบดว้ยเครื่อง mechanical test  (Instron series IX)   เพื่อ

หา  Axial  stiffness, Axial load to failure, Axial  Failure Displacement, Axial  failure energy เก็บบนัทกึขอ้มลูและแปลผล 

ผลการศึกษา : การยดึตรึงคอกระดูกตน้ขาหกัดว้ยวธิี multiple screw fixation ดว้ย cannulated screw นัน้ จากการ แบ่งพื้นที่ของสกรู

ในคอกระดูกตน้ขาออกเป็น 3 พื้นที่คือพื้นที่ A (4.19 ตร.ซม.) พื้นที่ B (2.64 ตร.ซม.) และพื้นที่ C (1.35 ตร.ซม.) พบว่าพื้นที่ A ซึ่งมพีื้นที่

ครอบคลุมกระดูกตน้ขามากที่สุดนัน้ ใหผ้ลทางชีวกลศาสตร ์(Biomechanics) ที่ดกีว่าพื้นที่ B และ C ซึ่งมพีื้นที่ครอบคลุมคอกระดูกตน้ขา

ที่นอ้ยกว่าลงมาตามล าดบั และพื้นที่ B นัน้ก็มผีลทางชีวกลศาสตรท์ี่ดกีว่าพื้นที่ C ท ัง้ Axial stiffness, Axial load to failure, Axial 

failure displacement  และ Axial failure energy ตามล าดบั  โดยมคีวามแตกต่างกนัอย่างมนียัส าคญัทางสถติิ   

สรุป : ในการยดึตรึงคอกระดูกตน้ขาหกัดว้ยวธิี multiple screw fixation ดว้ย cannulated screw โดยวธิีการวาง ต าแหน่งสกรูใหเ้ป็นรูป

สามเหลีย่มหวักลบันัน้ ควรวางต าแหน่งของสกรูใหม้พีื้นที่ครอบคลุมคอกระดูกตน้ขาใหม้ากที่สุด เพื่อใหไ้ด ้ผลทางดา้นชีวกลศาสตร ์

(Biomechanics) ที่ดแีละมคีวามม ัน่คงแขง็แรงมากที่สุดตามมาภายหลงัจากการfixation 

ค ำส  ำคญั : ชีวกลศำสตร,์ พ้ืนที่ของสกรูที่ยดึตรึงคอกระดูกตน้ขำหกั 

 

Introduction 

      Femoral neck fracture Garden type 1, 2 and Femoral neck fracture in young patients, the treatment is a 

Cannulated screw (Cannulated Screw Fixation) by fixing 3 screws to hold the bones together (1-5). There are many 

studies which concluded that the screw placement in the form of an inverted triangle in three positions are inferior 

screw along calcar, posterior/superior screw and anterior/superior screw(6-10). It caused biomechanical effect by causing 

femoral neck, which was fixed by screw could endure and tolerate any forces, including stability as much as possible 

comparing with the screw fixation in other forms and positioning the distance between the screws should be 



 

extended around femoral neck and made the most of it. Nevertheless, there is no study about the screw area of 

femoral neck whether it can affect in biomechanical way or not.  Thus, the researcher aims to know how the screw 

placement to extend around the femoral neck as much as possible, as mentioned previously. When the screw area of 

the femoral neck is considered by determining different areas, whether it will cause the biomechanical effect to 

femoral neck in terms of strength and stability or not by studying in the femoral neck of Cadaver. 

 

Materials and Methods 

 Twenty four bone of Femurs  from Cadaver who donated body at forensic medicine, Bhumibol Adulyadej 

hospital were used in this study.  For inclusion Criteria was Cadaver over 20-yearold  and exclusion criteria  were  

there is femur surgery record there is femoral neck fracture record and there is obvious femur deformation. Researcher 

studied by selecting Cadaver, who donated body at forensic medicine, Bhumibol Adulyadej Hospital, according to 

inclusion and exclusion criteria so there are 24 of the femur.  The bone was cut in the middle of the femoral neck 

position in Transverse cut perpendicular to neck axis, 60 degrees to the horizontal (Pauwel II).Used  Image J photo 

analyzing program was used to calculate the cross-sectional area of femoral neck and defined screw placement in the 

form of an inverted triangle in three different positions by dividing the screw area of femoral neck in 3 different areas 

which were the area A, B and C  and using 8 bones per area. Guide pin drill was used according to the defined 

position.Reduction and fixation done with Cannulated screw No. 6.0 which 5 mm. apart from femoral head. The first 

screw was fed at inferior calcar which angled with femoral shaft at 130-135 degrees after that fed anterosuperior 

quadrant and posterosuperior quadrant, respectively.  

 

 

 

 

 

 

 

 

 

Figure 1. Show the use of the guide wire drill as specified in the template. After that reduction and inserted the 

cannulated screw No.6.0 according to the guide wire. 

 

 Feeding done in a parallel type by using Fluoroscopy to check the screw position in AP,Lateral. The bone, 

which was fixed with screws in each defined area was tested with mechanical test (Instron series IX)  to analyze 

Axial stiffness, Axial load to failure, Axial Failure Displacement and Axial failure energy. This data was collected and 

interpreted. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Shows the position of the three different cannulated screw after the fixation was  

completed, including area A, B and C 

 

Statistical Analysis 

 Data was analyzed by using SPSS (Statistical Package of Social Science) version 18 for windows computer 

package to compare the difference of Axial stiffness, Axial load to failure, Axial Failure Displacement and Axial failure 

energy in each area by using One-way ANOVA and Post Hoc test and determined statistical significance as P<0.05. 

 

Result 

 Femoral neck fracture fixation by multiple screw fixation method using cannulated screw, was divided screw 

area in femoral neck into 3 areas which area A (4.19 cm.2), area B (2.64 cm.2) and area C (1.35 cm.2).  After 



biomechanical testing by using Biomechanics test and the data was interpreted. It found that Axial stiffness in area A 

was better than area B and C with statistically significant difference (P<0.001) and Axial stiffness in area B was better 

than area C with statistically significant difference (P<0.001). Axial load to failure in area A was better than area B and 

C with statistically significant difference (P<0.001) and Axial load to failure in area B was better than area C with 

statistically significant difference (P<0.001). Axial failure displacement in area A was better than area B and C with 

statistically significant difference (P<0.001) and Axial failure displacement in area B was better than area C with 

statistically significant difference (P<0.001). Axial failure energy in area A was better than area B and C with 

statistically significant difference (P<0.001) and Axial failure energy in area B was better than area C with statistically 

significant difference (P<0.001).  (Table 1) From Demographic data, it found that in area A B and C there were 

samples which were 8 pieces of femur per area, equally. In each area, there were 4 pieces of male femur (50 %) 

(P=0.76) and 4 pieces of female femur (50 %) (P=0.53), equally. The gender data of femur in each area, there was no 

statistically significant difference at all. In part of age of the samples, it found that the average age of samples in area 

A was 73.75 years old, average age of samples in area B was 71.25 years old and the average age of samples in area C 

was 73.25 years old. There was no statistically significant difference of femur age in each area. (P=0.76) (Table 2) 

 

Table 1. Result of biomechanics  in the area of the Cannulated screw that was fixed in the three different Femoral 

neck areas : areas  A, B and C. 

    Area of screw     Axial stiffness (N)        Axial load to         Axial failure         Axial failure  

    in the femoral         x (95 %CI)           failure (N)      displacement (mm)       energy (J)         P-value 

         neck             x (95 %CI)          x (95 %CI)           x (95 %CI) 

 

           A  605.37 (601.55-609.19)    862.87 (859.37-866.37)    10.06 (9.99-10.12)     14.83 (14.50-15.16)      < 0.001 

           B  241.50 (238.67-244.32)    622.62 (620.48-624.76)    12.11 (12.00-12.22)    12.06 (11.95-12.17)      < 0.001 

           C  150.62 (147.80-153.44)   324.37 (322.48-326.26)    15.15 (14.95-15.35)    10.21 (10.03-10.39)       < 0.001 

 

Discussion 

 This study showed that researcher, aimed to prove that femoral neck fracture fixation by a multiple screw 

fixation method whether there is a biomechanical effect from the screw area in femoral neck or not.  In previous 

study, Zdero R. et al. studied about the distance between screws which were used in femoral neck fracture fixation  

by multiple screw fixation method in femoral prosthesis(13-14). Screws were positioned in the form of an inverted 

triangle. The result was shown that position on femoral neck to have a lot of distance between screws caused 

biomechanical result better than less distance and there was a statistically significant difference. It showed that screw  

placement covered femur area as much as possible, which caused the biomechanical effect in a good way (15).   

 In this study, multiple screw area in the femur was divided into 3 different areas and the result showed that 

area A which was the most covered areas in femur had a better biomechanical effect than are B and C which were 

less covered area in femur, respectively. Biomechanical effect in area B was better than area C in Axial stiffness, Axial 



load to failure, Axial failure displacement and Axial failure energy and there was a statistically significant difference. 

The result was consistent with previous study, which have been mentioned. It also showed that screw placement, the 

more it covered femur area, the more biomechanical effect was caused in term of stability(16-17).        

 

Table 2. Demographic data 

           Sample data          Area of screw  in the femoral neck    P-value 

          A          B          C 

      Male    4 (50 %)    4 (50 %)   4 (50 %)     0.76 

      Female    4 (50 %)    4 (50 %)   4 (50 %)     0.53 

      Age (x + SD)   73.75 + 2.02  71.25 + 1.65  73.25 + 1.65     0.33 

                                                    

 The result can be used to adapt by the doctor who operated surgical treatment. It also can be used to 

consider in planning before the operation for a patient who has a femoral neck fracture fixation by using a multiple 

screw fixation method. Screw placement should cover femur area as much as possible because it affects to stability 

after the operation and help to reduce the risk of implant failure in the future. From the results of this study,  

it may lead to further study to develop new methods of screw placement to cover femur area as much as possible and 

increase in accuracy in the future.  The advantage of this study is using human femur which may close to reality 

more than previous study which used femur model.  Nevertheless, in this study there are limitations. First one is bone 

quality because cadavers for the study are elder’s so there are effects on stability of studied femur in term of 

osteoporosis, congenital disease, medication, etc. before the death. This record cannot be known, but there is a 

biomechanical measurement for each femur before the experiment by measuring three point bending forces using  

biomechanical tests to obtain equal stability of femur and experiment to reduce the error of data analyzation.  

However, there is also limitations of cadaver quantity, research fund and experimental equipment which is additionally 

designed to analyze three point bending force. With these limitations,                        

 The researcher could not select cadavers which have equal bone quality to experiment. Second limitation is 

biomechanics test which is in the laboratory cannot analyze tensional stiffness as the previous study. Therefore, 

tensional stiffness cannot be interpreted. The last limitation is a limited amount of cadaver cause none to experiment 

for the study. 

 

Conclusion 

 This study aims to determine suitable areas of multiple screw in femoral neck from Femoral neck fracture 

fixation by using a multiple screw fixation method with cannulated screw. Screw placement was in the form of an 

inverted triangle to obtain the biomechanical effect after proper and stabilized fixation. The result showed that the 

more screw placement covers the femoral neck area the more it causes a biomechanical effect in stability. The 



suggestion for femoral neck fracture treatment by using a multiple screw fixation method is to position the screw 

covering femoral neck as much as possible because it affects to stability after the operation and help to reduce the 

risk of implant failure afterwards. The result leads to further study in effect for the treatment and expect to cause new 

technique of screw placement to precisely cover femoral neck as much as possible in the future. 
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