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Background
Owing to recent improvements in the quality, shape and 

surface area of the implants for total hip arthroplasty, wear 
problems, which is one of the chronic complications of total hip 
arthroplasty, have been solved up to a certain level. However, 
instability and dislocation of the implants, which is the second 
most common complication after component loosening, remain 
unsolved, negatively affecting quality of life and furtherly causing 
failure of implants. Using femoral head implants smaller than the 
patient’s natural femoral head is a major cause of dislocation. We 
would like to discuss several issues of using large head implants 
as a bearing surface.

Wear
Contact surface and sliding distance are major factors in the 

occurrence of wear particles. As the diameter of the femoral head 
increases, contact area and the sliding distance of the articular 
surface also increase. Though the degree of wear may differ 
by material, this increase also leads to increased volumetric 
wear, according to the formula υ=πγ2w (υ, volume of debris 
from wear; γ, radius of the femoral head; w, linear migration 
distance of the femoral head). Grinding and adhesion between 
the femoral head and the acetabular cup is the main mechanism 
of wear after total hip arthroplasty. In terms of wear, the sliding 
distance and the repetition of sliding is more important than the 
load given to the hip joint [1-4]. In case of metal-on-polyethylene 
implants, volumetric wear increase about 7.5% to 10% for each 
1mm increase in femoral head diameter [1]. Frictional torque, 
which increases proportionally to the femoral head size, is an 
important factor in the destruction of the contact area between 
the component and the bone, and in the loosening of the 
component [5-8]. However, if an articular surface is resistant to 
wear and enables stable fixation between the component and 
bone while being minimally affected by changes in femoral head 
size, using large head implants during total hip arthroplasty 
may be promising due to its high stability. Therefore, choosing 
articular surfaces which are highly resistant to wear is a key 
prerequisite for the use of femoral head implants larger than 
36mm [9-10]. 

Dislocation
Hip joint dislocations are caused by 3 factors; patient-

related, operative-related, and implant-related. Implant-related 
factors include femoral head size, head-to-neck ratio, head-to-
metal shell size, and types of the inner liner [11-13]. Compared 
to small femoral heads, large femoral heads require longer 
distances of displacement to be dislocated, and thus is more 
stable. Other advantages of large femoral heads include [1] 
increased range of motion (ROM) in any direction, [2] decreased 
component-to-component impaction and while delayed bone-
to-bone impingement, proper debridement of the bone causing 
impaction leads to increased joint motion [3] No need for the 
use of skirts, which are used with long-neck implants to increase 
stability of trunnion and femoral head socket area (due to 
relative increase in head-to-neck ration). For each 1mm increase 
in femoral head diameter, the ROM in any direction increases 
by 0.84±0.43 degrees, and the peak moment which resists to 
dislocation increases by 3.6%. Compared to 32mm-diameter 
femoral heads, 38mm- and 42mm-diameter femoral heads show 
increase in ROM of 6% and 16% respectively. 

Wear on Trunnion-bore Interface
Morse tapers achieve stability by the cone-in-cone principle, 

which is caused by compression between the trunnion and the 
femoral head socket wall. While intimate conical connection 
between the trunnion and the bore may enable firm contact, 
ingress and micromovement of the fluid may occur during 
cyclical mechanical loading due to preexisting microscopic gaps 
(crevice) on the matins surface of male and female cones. This 
may lead to disruption of the passive surface oxide layer and 
susceptibility to mechanically assisted crevice corrosion (MACC, 
tribocorrosion). Taper design, metal-alloy mismatch (Galvanic 
corrosion), implant positioning, joint loading magnitude, 
numbers of loading cycles, frictional torque at the bearing 
surface, patient and surgical factors (tissue interpositioning, 
failure to achieve initial engagement) are associated with the 
development and deterioration of MACC. Particulate debris 
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and metal ions are released through mechanical and corrosive 
mechanism, and may lead to several adverse tissue reactions, 
and in severe cases, may case mechanical failure at the taper 
junction. The use of larger femoral heads increases frictional 
torque, and this results in additional stress at the taper junction, 
especially in metal-on-ceramic or ceramic-on-ceramic bearing 
surfaces, rather than metal-on-polyethylene or ceramic-on-
polyethylene bearing surfaces. Also, increased offset between 
the head center and the trunnion interface center of pressure 
increases the bending moment, and leads to micromotion 
between male and female tapers, and may trigger trunnionosis-
type wear. These reasons provide theoretical support for why 
the reactions which occur on metal-on-polyethylene bearing 
surfaces due to metal debris from the taper junction are similar 
with local adverse tissue reactions caused by metal particles 
from metal-on-metal bearing surfaces [14-20]. 

While the increase in femoral head size from 32mm to 36mm 
leads to 10% improvement in stability, the increase in femoral 
head size from 40mm to 48mm only leads to 4.7% improvement. 
This indicates that the increase of femoral head size beyond a 
certain level may not significantly influence on stability. On the 
other hand, the peak stress imposed on the trunnion during 
ambulation increases as the femoral head diameter increases. 
Compared to 32mm-diameter femoral heads, 40mm-, 44mm-
, 48mm-, 52mm-, and 56mm-diameter femoral heads showed 
peak stress increment of 3.5%, 9.5%, 24%, 40%, and 51% 
respectively. Considering pros of stability and cons of trunnion-
related problems, the use of femoral heads smaller than 40mm 
is recommended.

Conclusion
Femoral heads larger than 32mm in diameter offer multiple 

advantages in terms of both function and activity, including 
improved hip joint stability, decreased dislocation rate, and 
increased ROM. However, various concerns, including wear 
generation at the trunnion-bore interface and increased 
component-bone interface stress due to additional frictional 
torque, should always be considered when using large femoral 
head implants. Considering the benefits in stability and 
trunnion-related problems, femoral heads smaller than 40mm 
are recommended to be used for total hip arthroplasty.

References
1. Jasty M, Goetz DD, Bragdon CR, Lee KR Hanson AE, Elder JR and 

Harris WH (1997) Wear of polyethylene acetabular components in 
total hip arthroplasty. An analysis of one hundred and twenty-eight 
components retrived at autopsy or revision operations. J Bone and 
Joint Surg 79(3): 349-58.

2. Kabo JM, Gedhard JS, Loren G, Amstutz HC (1993) In vivo wear of 
polyethele acetabular components. J Bone Joint Surg Br 75(2): 254-
8.

3. Lee PC, Shih CH, Chen WJ, Tu YK, Tai CL (1999) Early polyethylene 
wear and osteolysis in cement - less total hip arthroplasty: the influence 
of femoral head and polyethylene thickness. Journal of Arthroplasty 
14(8): 976-981.

4. Livermore J, Ilstrup D, Morrey B (1990) Effect of femoral head size 
on wear of the polyethylene acetabular component. J Bone and Joint 
Surg 72(4): 518-528.

5. Hallstrom BR (2000) Advantages of the large head: Range of the 
motion, displacement and bone to bone contact-presented at: The 
31th Harvard Hip Course for A new era in total hip arthroplasty: The 
era of the big head; October 2, Hyatt Regency Hotel. Cambridge, 
MA, USA.

6. Cooper HJ, Della Valle CJ (2014) Large diameter femoral heads. 
Is bigger always better? J Bone Joint Surg 96B(11): 23-25.

7. Burroughs BB, Hallstrom BR, Golladay GJ and Harris WH (2001) 
Dislocation without impingement-presented at: The 31th Harvard Hip 
Course for A new era in total hip arthroplasty: The era of the big 
head; October 2; Hyatt Regency Hotel, Cambridge, MA, USA.

8. Berry DJ, Barness CL, Scott RD, Cabanela ME and Poss R (1994) 
Catastrophic failure of the polyethylene liner of uncemented acetabular 
components. J Bone and Joint Surg 76(4): 575-578.

9. Muratoglu OK, Bragdon CR, O’connor DO, Jasty M and Harris WH 
(2001) A novel method of cross- linking ultra-high-molecular weight 
polyethylene to improve wear, reduce oxidation, and retain 
mechanical properties. Journal of Arthroplasy 16(2): 149-160.

10. Muratoglu OK, Bragdon CR, O’connor DO, Jasty M, Harris WH et 
al. (1999) Unified wear model for highly crosslinked ultra- high 
molecular weight polyethylene (UHMWPE). Biomaterials 20(16): 
1463-1470.

11. Lavernia CJ, Iacobelli DA, Villa JM, Jones K, Gonzalez JL, Jones 
WK (2015) Trunnion-Head Stresses in THA: Are Big Heads Trouble? J 
Arthroplasty 30: 1085-1088.

12. Bartz RL, Noble PC, Kadakia NR, Tullos HS (2000) The effect of 
femoral component head size on posterior dislocation of the artificial 
hip joint. J bone and Joint Surg 82(9): 1300-1307.

13. Chandler DR, Glousman R, Hull D, McGuire PJ, Kim IS et al. (1982) 
Prosthetic hip range of motion and impingement. The effects of head 
and neck geometry. Clin Orthop Relat Res 166: 284-291.

14. Gilbert JL, Buckley CA, Jacobs JJ (1993) In vivo corrosion of 
modular hip prosthesis components mixed and similar metal 
combinations. The effect of crevice, stress, motion, and alloy 
coupling. J Biomed Mater Res 27(12):1533-1544.

15. Goldberg JR, Gilbert JL (2003) In vitro corrosion testing of 
modular testing of modular hip tapers. J Biomed Mater Res B 
Appl Biomater 64(2):78-93.

16. Cooper HJ, Della Valle CJ, Berger RA, et al (2012) Corrosion 
at the head-neck taper as a cause for adverse local tissue 
reactions after total hip arthroplasty. J Bone Joint Surg (Am) 
94(18): 1655-1661.

17. Botti TP, Gent J, Martel JM, Manning DW (2005) Trunnion 
fracture of a fully porous-coated femoral stem. Case report. J 
Arthroplasty 20(7):943-945.

18. Gilbert JL, Burkley CA, Jacobs JJ, Bertin KC, Zernich MR (1994) 
Intergranular corrosion-fatigue failure of cobalt-chromium 
femoral stems. A failure analysis of two implants. J Bone Joint 
Surg (Am) 76(1): 110-115.

19. Jacob ME, Callage nJJ, Brown TD (2013) Stability and trunnion 
wear potential in large-diameter metal-on-metal total hips. 
A finite element analysis. Clin Orthop Relat Res 472(2): 529-
542.

20. Berstock JR, Whitehouse MR, Duncan CP (2018) Trunnion 
Corrosion-What surgeons need to know in 2018. J Bone and 
Joint Surg 100-B(1 suppl A): 44-49.

http://dx.doi.org/10.19080/JOJOOS.2018.02.555578
https://www.ncbi.nlm.nih.gov/pubmed/9070522
https://www.ncbi.nlm.nih.gov/pubmed/9070522
https://www.ncbi.nlm.nih.gov/pubmed/9070522
https://www.ncbi.nlm.nih.gov/pubmed/9070522
https://www.ncbi.nlm.nih.gov/pubmed/9070522
https://www.ncbi.nlm.nih.gov/pubmed/8444946
https://www.ncbi.nlm.nih.gov/pubmed/8444946
https://www.ncbi.nlm.nih.gov/pubmed/8444946
https://www.arthroplastyjournal.org/article/S0883-5403(99)90013-X/fulltext
https://www.arthroplastyjournal.org/article/S0883-5403(99)90013-X/fulltext
https://www.arthroplastyjournal.org/article/S0883-5403(99)90013-X/fulltext
https://www.arthroplastyjournal.org/article/S0883-5403(99)90013-X/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/2324138
https://www.ncbi.nlm.nih.gov/pubmed/2324138
https://www.ncbi.nlm.nih.gov/pubmed/2324138
https://www.ncbi.nlm.nih.gov/pubmed/25381403
https://www.ncbi.nlm.nih.gov/pubmed/25381403
https://www.ncbi.nlm.nih.gov/pubmed/8027143
https://www.ncbi.nlm.nih.gov/pubmed/8027143
https://www.ncbi.nlm.nih.gov/pubmed/8027143
https://www.ncbi.nlm.nih.gov/pubmed/11222887
https://www.ncbi.nlm.nih.gov/pubmed/11222887
https://www.ncbi.nlm.nih.gov/pubmed/11222887
https://www.ncbi.nlm.nih.gov/pubmed/11222887
https://www.ncbi.nlm.nih.gov/pubmed/10458559
https://www.ncbi.nlm.nih.gov/pubmed/10458559
https://www.ncbi.nlm.nih.gov/pubmed/10458559
https://www.ncbi.nlm.nih.gov/pubmed/10458559
https://www.ncbi.nlm.nih.gov/pubmed/25724112
https://www.ncbi.nlm.nih.gov/pubmed/25724112
https://www.ncbi.nlm.nih.gov/pubmed/25724112
https://www.ncbi.nlm.nih.gov/pubmed/11005521
https://www.ncbi.nlm.nih.gov/pubmed/11005521
https://www.ncbi.nlm.nih.gov/pubmed/11005521
https://www.ncbi.nlm.nih.gov/pubmed/7083681
https://www.ncbi.nlm.nih.gov/pubmed/7083681
https://www.ncbi.nlm.nih.gov/pubmed/7083681
https://www.ncbi.nlm.nih.gov/pubmed/8113241
https://www.ncbi.nlm.nih.gov/pubmed/8113241
https://www.ncbi.nlm.nih.gov/pubmed/8113241
https://www.ncbi.nlm.nih.gov/pubmed/8113241
https://www.ncbi.nlm.nih.gov/pubmed/12516082
https://www.ncbi.nlm.nih.gov/pubmed/12516082
https://www.ncbi.nlm.nih.gov/pubmed/12516082
https://www.ncbi.nlm.nih.gov/pubmed/23289127
https://www.ncbi.nlm.nih.gov/pubmed/23289127
https://www.ncbi.nlm.nih.gov/pubmed/23289127
https://www.ncbi.nlm.nih.gov/pubmed/23289127
https://www.ncbi.nlm.nih.gov/pubmed/16230251
https://www.ncbi.nlm.nih.gov/pubmed/16230251
https://www.ncbi.nlm.nih.gov/pubmed/16230251
https://www.ncbi.nlm.nih.gov/pubmed/8288652
https://www.ncbi.nlm.nih.gov/pubmed/8288652
https://www.ncbi.nlm.nih.gov/pubmed/8288652
https://www.ncbi.nlm.nih.gov/pubmed/8288652
https://www.ncbi.nlm.nih.gov/pubmed/24218160
https://www.ncbi.nlm.nih.gov/pubmed/24218160
https://www.ncbi.nlm.nih.gov/pubmed/24218160
https://www.ncbi.nlm.nih.gov/pubmed/24218160
https://www.ncbi.nlm.nih.gov/pubmed/29292339
https://www.ncbi.nlm.nih.gov/pubmed/29292339
https://www.ncbi.nlm.nih.gov/pubmed/29292339


How to cite this article: Myung R C, Jeong S D, Won K C. Using Large Femoral Head as A Bearing Surface in Total Hip Arthroplasty. JOJ Orthoped Ortho 
Surg. 2018; 2(1): 555578. DOI: 10.19080/JOJOOS.2018.02.5555780011

Juniper Online Journal of Orthopedic & Orthoplastic Surgery 

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                     Track the below URL for one-step submission 
            https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/JOJOOS.2018.02.555578

http://dx.doi.org/10.19080/JOJOOS.2018.02.555578
http://dx.doi.org/10.19080/JOJOOS.2018.02.555578

	Using Large Femoral Head as A Bearing Surface in Total Hip Arthroplasty
	Background
	Wear
	Dislocation
	Wear on Trunnion-bore Interface
	Conclusion
	References

