
COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 
SZCZEPANSKI ET AL.  
SURGICAL TREATMENT OF PELVIC DISCONTINUITY. A SYSTEMATIC REVIEW AND META-ANALYSIS 
http://dx.doi.org/10.2106/JBJS.RVW.18.00176 
Page 1 
 

The following content was supplied by the authors as supporting material and has not been copy-edited or verified 
by JBJS. 
 
Appendix 1. Medline Search Strategy. A similar search was used for Embase. 
1 pelvic discontinuity.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique identifier] 
2 acetabular def$.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique identifier] 
3 ("anterior column" or "posterior column").ti,ab. 
4 (revision or reoperation).ti,ab. 

5 (THA or total hip arthroplasty).ti,ab. 
6 4 and 5 
7 2 or 3 
8 6 and 7 
9 1 or 8 
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Appendix 2. Quality Assessment of Included Studies according to the MINORS instrument [39]. Each of the eight categories are scored out of 
two. 
Author Total out 

of 16 
1. 

A clearly 
stated aim 

2. 
Inclusion of 
consecutive 

patients 

3. 
Prospective 
collection of 

data 

4. 
Endpoints 
appropriate 

to the aim of 
the study 

5. 
Unbiased 

assessment 
of the study 

endpoint 

6. 
Follow-up 

period 
appropriate 

to the aim of 
the study 

7. 
Loss to 

follow up 
less than 5% 

8. 
Prospective 
calculation 
of the study 

size 

Abolghasemian et 
al. [3] 

9 2 2 0 1 0 2 2 0 

Abolghasemian et 
al. [65] 

10 1 2 1 2 0 2 2 0 

Abolghasemian et 
al. [46] 

10 1 2 1 2 0 2 2 0 

Abolghasemian et 
al. [51] 

9 2 2 0 2 0 2 1 0 

Amenabar et al.  
[56] 

10 2 2 0 2 0 2 2 0 

Ballester Alfaro et 
al. [35] 

10 1 2 1 2 0 2 2 0 

Bostrom et al. [42] 11 2 2 1 2 0 2 2 0 

Colen et al. [45] 9 2 1 1 1 0 2 2 0 

DeBoer et al. [7] 8 2 0 1 2 0 2 1 0 

Hansen et al. [49] 8 2 0 0 2 0 2 2 0 

Herrera et al. [55] 11 2 2 1 2 0 2 2 0 

Hosny et al. [44] 11 2 2 1 2 0 2 2 0 
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Hourscht et al. [53] 11 2 2 1 2 1 2 1 0 

Jenkins et al. [64] 10 2 2 1 1 1 2 1 0 

Kim et al. [62] 9 2 2 1 2 0 2 0 0 

Konan et al. [52] 10 2 2 1 1 1 2 1 0 

Kosashvili et al. 
[5] 

10 2 2 0 2 0 2 2 0 

Makita et al. [58] 11 2 2 1 2 1 2 1 0 

Martin et al. [47] 10 2 2 1 1 1 2 1 0 

Paprosky et al. 
[48] 

9 2 2 0 2 0 2 1 0 

Ramappa et al. 
[60] 

8 1 2 1 2 0 2 0 0 

Rees et al. [54] 8 1 2 0 2 0 2 1 0 
Regis et al. [59] 11 2 2 1 2 0 2 2 0 

Rogers et al. [23] 10 2 2 0 2 0 2 2 0 
Sporer et al. [61] 8 1 2 0 1 0 2 2 0 

Sporer et al. [63] 9 2 2 1 2 0 2 0 0 

Stihsen et al. [50] 10 2 2 1 1 1 2 1 0 

Taunton et al. [30] 10 2 2 1 2 1 1 1 0 

Van Haaren et al. 
[57] 

10 2 2 0 2 0 2 2 0 

Wind Jr et al. [43] 9 2 2 1 2 0 2 0 0 



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 
SZCZEPANSKI ET AL.  
SURGICAL TREATMENT OF PELVIC DISCONTINUITY. A SYSTEMATIC REVIEW AND META-ANALYSIS 
http://dx.doi.org/10.2106/JBJS.RVW.18.00176 
Page 4 
 
REFERENCES 

1. Petrie J, Sassoon A, Haidukewych GJ. Pelvic discontinuity: current solutions. The bone & joint journal 2013;95-B(11 Suppl A):109 
10.1302/0301-620X.95B11.32764 

2. Berry DJ, Lewallen DG, Hanssen AD, Cabanela ME. Pelvic discontinuity in revision total hip arthroplasty. The Journal of bone and joint 
surgery American volume 1999;81(12):1692  

3. Abolghasemian M, Tangsataporn S, Kuzyk PRT, Safir OA, Backstein DJ, Gross AE. Cup-Cage Solution for Pelvic Discontinuity. 
Seminars in Arthroplasty 2012;23(3):171  

4. Berry DJ. Identification and management of pelvic discontinuity. Orthopedics 2001;24(9):881  
5. Kosashvili Y, Backstein D, Safir O, Lakstein D, Gross AE. Acetabular revision using an anti-protrusion (ilio-ischial) cage and trabecular 

metal acetabular component for severe acetabular bone loss associated with pelvic discontinuity. The Journal of bone and joint surgery 
British volume 2009;91(7):870 10.1302/0301-620X.91B7.22181 

6. Stiehl JB, Saluja R, Diener T. Reconstruction of major column defects and pelvic discontinuity in revision total hip arthroplasty. The 
Journal of arthroplasty 2000;15(7):849 10.1054/arth.2000.9320 

7. DeBoer DK, Christie MJ, Brinson MF, Morrison JC. Revision total hip arthroplasty for pelvic discontinuity. The Journal of bone and 
joint surgery American volume 2007;89(4):835 10.2106/JBJS.F.00313 

8. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision hip and knee arthroplasty in the United States from 
2005 to 2030. The Journal of bone and joint surgery American volume 2007;89(4):780 10.2106/JBJS.F.00222 

9. Villanueva M, Rios-Luna A, Pereiro De Lamo J, Fahandez-Saddi H, Bostrom MP. A review of the treatment of pelvic discontinuity. HSS 
journal : the musculoskeletal journal of Hospital for Special Surgery 2008;4(2):128 10.1007/s11420-008-9075-6 

10. Mayle Jr R, Paprosky W. Massive bone loss Allograft-prosthetic composites and beyond. Journal of Bone & Joint Surgery, British 
Volume 2012;94(11 Supple A):61  

11. Wilson MG, Nikpoor N, Aliabadi P, Poss R, Weissman BN. The fate of acetabular allografts after bipolar revision arthroplasty of the hip. 
A radiographic review. The Journal of bone and joint surgery American volume 1989;71(10):1469  

12. Paprosky WG, O'Rourke M, Sporer SM. The treatment of acetabular bone defects with an associated pelvic discontinuity. Clinical 
orthopaedics and related research 2005;441:216  

13. Robertson DD, Sutherland CJ, Lopes T, Yuan J. Preoperative description of severe acetabular defects caused by failed total hip 
replacement. J Comput Assist Tomogr 1998;22(3):444  

14. Joshi AB, Lee J, Christensen C. Results for a custom acetabular component for acetabular deficiency. The Journal of arthroplasty 
2002;17(5):643  



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 
SZCZEPANSKI ET AL.  
SURGICAL TREATMENT OF PELVIC DISCONTINUITY. A SYSTEMATIC REVIEW AND META-ANALYSIS 
http://dx.doi.org/10.2106/JBJS.RVW.18.00176 
Page 5 
 

15. Christie MJ, Barrington SA, Brinson MF, Ruhling ME, DeBoer DK. Bridging massive acetabular defects with the triflange cup: 2- to 9-
year results. Clinical orthopaedics and related research 2001;393(393):216  

16. Berend ME, Berend KR, Lombardi AV, Cates H, Faris P. The patient-specific Triflange acetabular implant for revision total hip 
arthroplasty in patients with severe acetabular defects: planning, implantation, and results. The bone & joint journal 2018;100-B(1 Supple 
A):50 10.1302/0301-620X.100B1.BJJ-2017-0362.R1 

17. Kerboull M. Traitement par rescellement d ‘une nouvelle prothèse. Rev Chir Orthop 1975;61(Suppl II):78  
18. Lamo-Espinosa J, Duart Clemente J, Diaz-Rada P, Pons-Villanueva J, Valenti-Nin JR. The Burch-Schneider antiprotrusio cage: medium 

follow-up results. Musculoskelet Surg 2013;97(1):31 10.1007/s12306-012-0233-0 
19. Berry DJ, Muller ME. Revision Arthroplasty Using an Anti-Protrusio Cage for Massive Acetabular Bone Deficiency. Journal of Bone 

and Joint Surgery-British Volume 1992;74(5):711  
20. Goodman S, Saastamoinen H, Shasha N, Gross A. Complications of ilioischial reconstruction rings in revision total hip arthroplasty. The 

Journal of arthroplasty 2004;19(4):436 10.1016/j.arth.2003.11.015 
21. Kosashvili Y, Safir O, Backstein D, Lakstein D, Gross AE. Salvage of failed acetabular cages by nonbuttressed trabecular metal cups. 

Clinical orthopaedics and related research 2010;468(2):466 10.1007/s11999-009-0935-2 
22. Perka C, Ludwig R. Reconstruction of segmental defects during revision procedures of the acetabulum with the Burch-Schneider anti-

protrusio cage. The Journal of arthroplasty 2001;16(5):568 10.1054/arth.2001.23919 
23. Rogers BA, Whittingham-Jones PM, Mitchell PA, Safir OA, Bircher MD, Gross AE. The reconstruction of periprosthetic pelvic 

discontinuity. The Journal of arthroplasty 2012;27(8):1499 10.1016/j.arth.2011.12.017 
24. Tangsataporn S, Abolghasemian M, Kuzyk PR, Backstein DJ, Safir OA, Gross AE. Salvaged failed roof rings and antiprotrusion cages: 

surgical options and implant survival. Hip international: the journal of clinical and experimental research on hip pathology and therapy 
2012;23(2):166  

25. Bobyn J, Pilliar R, Cameron H, Weatherly G, Kent G. The effect of porous surface configuration on the tensile strength of fixation of 
implants by bone ingrowth. Clinical orthopaedics and related research 1980;(149):291  

26. Bobyn JD, Stackpool GJ, Hacking SA, Tanzer M, Krygier JJ. Characteristics of bone ingrowth and interface mechanics of a new porous 
tantalum biomaterial. The Journal of bone and joint surgery British volume 1999;81(5):907  

27. Bobyn JD, Toh KK, Hacking SA, Tanzer M, Krygier JJ. Tissue response to porous tantalum acetabular cups: a canine model. The 
Journal of arthroplasty 1999;14(3):347  

28. Hacking SA, Bobyn JD, Toh K, Tanzer M, Krygier JJ. Fibrous tissue ingrowth and attachment to porous tantalum. J Biomed Mater Res 
2000;52(4):631  

29. Hanssen AD, Lewallen DG. Modular acetabular augments: composite void fillers. Orthopedics 2005;28(9):971  



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 
SZCZEPANSKI ET AL.  
SURGICAL TREATMENT OF PELVIC DISCONTINUITY. A SYSTEMATIC REVIEW AND META-ANALYSIS 
http://dx.doi.org/10.2106/JBJS.RVW.18.00176 
Page 6 
 

30. Taunton MJ, Fehring TK, Edwards P, Bernasek T, Holt GE, Christie MJ. Pelvic discontinuity treated with custom triflange component: a 
reliable option. Clinical orthopaedics and related research 2012;470(2):428 10.1007/s11999-011-2126-1 

31. Vasarhelyi EM, MacDonald SJ. The jumbo cup: The 95% solution. Seminars in Arthroplasty 2013;24(2):116  
32. Lachiewicz PF, Soileau ES. Fixation, survival, and dislocation of jumbo acetabular components in revision hip arthroplasty. The Journal 

of bone and joint surgery American volume 2013;95(6):543 10.2106/JBJS.L.00758 
33. Koster G, Willert HG, Kohler HP, Dopkens K. An oblong revision cup for large acetabular defects: design rationale and two- to seven-

year follow-up. The Journal of arthroplasty 1998;13(5):559  
34. Berry DJ, Sutherland CJ, Trousdale RT, Colwell CW, Jr., Chandler HP, Ayres D, et al. Bilobed oblong porous coated acetabular 

components in revision total hip arthroplasty. Clinical orthopaedics and related research 2000;(371):154  
35. Ballester Alfaro JJ, Sueiro Fernandez J. Trabecular Metal buttress augment and the Trabecular Metal cup-cage construct in revision hip 

arthroplasty for severe acetabular bone loss and pelvic discontinuity. Hip international : the journal of clinical and experimental research 
on hip pathology and therapy 2010;20 Suppl 7:S119 10.5301/HIP.2010.5297 

36. Siegmeth A, Duncan CP, Masri BA, Kim WY, Garbuz DS. Modular tantalum augments for acetabular defects in revision hip 
arthroplasty. Clinical orthopaedics and related research 2009;467(1):199 10.1007/s11999-008-0549-0 

37. Baauw M, van Hooff ML, Spruit M. Current Construct Options for Revision of Large Acetabular Defects: A Systematic Review. JBJS 
Rev 2016;4(11) 10.2106/JBJS.RVW.15.00119 

38. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-analysis of observational studies in epidemiology: a 
proposal for reporting. Jama 2000;283(15):2008  

39. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Methodological index for non-randomized studies (minors): 
development and validation of a new instrument. ANZ J Surg 2003;73(9):712  

40. Barendregt JJ, Doi SA, Lee YY, Norman RE, Vos T. Meta-analysis of prevalence. J Epidemiol Community Health 2013:jech  
41. Higgins J, Green S. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 [updated March 2011]. In: Higgins J, 

Green S, eds.: The Cochrane Collaboration. 2011 
42. Bostrom MP, Lehman AP, Buly RL, Lyman S, Nestor BJ. Acetabular revision with the Contour antiprotrusio cage: 2- to 5-year 

followup. Clinical orthopaedics and related research 2006;453:188 10.1097/01.blo.0000246533.37006.b0 
43. Wind Jr MA, Swank ML, Sorger JI. Short-term results of a custom triflange acetabular component for massive acetabular bone loss in 

revision THA. Orthopedics 2013;36(3):e260  
44. Hosny HAH, El-Bakoury A, Fekry H, Keenan J. Mid-Term Results of Graft Augmentation Prosthesis II Cage and Impacted Allograft 

Bone in Revision Hip Arthroplasty. The Journal of arthroplasty 2018;33(5):1487 10.1016/j.arth.2017.11.060 



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 
SZCZEPANSKI ET AL.  
SURGICAL TREATMENT OF PELVIC DISCONTINUITY. A SYSTEMATIC REVIEW AND META-ANALYSIS 
http://dx.doi.org/10.2106/JBJS.RVW.18.00176 
Page 7 
 

45. Colen S, Harake R, De Haan J, Mulier M. A modified custom-made triflanged acetabular reconstruction ring (MCTARR) for revision hip 
arthroplasty with severe acetabular defects. Acta Orthop Belg 2013;79(1):71  

46. Abolghasemian M, Sadeghi Naini M, Tangsataporn S, Lee P, Backstein D, Safir O, et al. Reconstruction of massive uncontained 
acetabular defects using allograft with cage or ring reinforcement: an assessment of the graft's ability to restore bone stock and its impact 
on the outcome of re-revision. The bone & joint journal 2014;96-B(3):319 10.1302/0301-620X.96B3.32850 

47. Martin JR, Barrett I, Sierra RJ, Lewallen DG, Berry DJ. Construct Rigidity: Keystone for Treating Pelvic Discontinuity. The Journal of 
bone and joint surgery American volume 2017;99(9):e43 10.2106/JBJS.16.00601 

48. Paprosky W, Sporer S, O'Rourke MR. The treatment of pelvic discontinuity with acetabular cages. Clinical orthopaedics and related 
research 2006;453:183 10.1097/01.blo.0000246530.52253.7b 

49. Hansen E, Shearer D, Ries MD. Does a cemented cage improve revision THA for severe acetabular defects? Clinical orthopaedics and 
related research 2011;469(2):494 10.1007/s11999-010-1546-7 

50. Stihsen C, Hipfl C, Kubista B, Funovics P, Dominkus M, Giurea A, et al. Review of the outcomes of complex acetabular reconstructions 
using a stemmed acetabular pedestal component. The bone & joint journal 2016;98(6):772  

51. Abolghasemian M, Tangsaraporn S, Drexler M, Barbuto R, Backstein D, Safir O, et al. The challenge of pelvic discontinuity: cup-cage 
reconstruction does better than conventional cages in mid-term. The bone & joint journal 2014;96-B(2):195 10.1302/0301-
620X.96B2.31907 

52. Konan S, Duncan CP, Masri BA, Garbuz DS. The cup-cage reconstruction for pelvic discontinuity has encouraging patient satisfaction 
and functional outcome at median 6-year follow-up. Hip international : the journal of clinical and experimental research on hip pathology 
and therapy 2017;27(5):509 10.5301/hipint.5000480 

53. Hourscht C, Abdelnasser MK, Ahmad SS, Kraler L, Keel MJ, Siebenrock KA, et al. Reconstruction of AAOS type III and IV acetabular 
defects with the Ganz reinforcement ring: high failure in pelvic discontinuity. Archives of orthopaedic and trauma surgery 
2017;137(8):1139 10.1007/s00402-017-2731-x 

54. Rees HW, Fung DA, Cerynik DL, Amin NH, Johanson NA. Revision total hip arthroplasty without bone graft of high-grade acetabular 
defects. The Journal of arthroplasty 2012;27(1):41 10.1016/j.arth.2011.04.004 

55. Herrera A, Martinez AA, Cuenca J, Canales V. Management of types III and IV acetabular deficiencies with the longitudinal oblong 
revision cup. The Journal of arthroplasty 2006;21(6):857 10.1016/j.arth.2005.08.026 

56. Amenabar T, Rahman WA, Hetaimish BM, Kuzyk PR, Safir OA, Gross AE. Promising Mid-term Results With a Cup-cage Construct for 
Large Acetabular Defects and Pelvic Discontinuity. Clinical orthopaedics and related research 2016;474(2):408 10.1007/s11999-015-
4210-4 



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 
SZCZEPANSKI ET AL.  
SURGICAL TREATMENT OF PELVIC DISCONTINUITY. A SYSTEMATIC REVIEW AND META-ANALYSIS 
http://dx.doi.org/10.2106/JBJS.RVW.18.00176 
Page 8 
 

57. van Haaren EH, Heyligers IC, Alexander FG, Wuisman PI. High rate of failure of impaction grafting in large acetabular defects. The 
Journal of bone and joint surgery British volume 2007;89(3):296 10.1302/0301-620X.89B3.18080 

58. Makita H, Kerboull M, Inaba Y, Tezuka T, Saito T, Kerboull L. Revision Total Hip Arthroplasty Using the Kerboull Acetabular 
Reinforcement Device and Structural Allograft for Severe Defects of the Acetabulum. The Journal of arthroplasty 2017;32(11):3502  

59. Regis D, Sandri A, Bonetti I, Bortolami O, Bartolozzi P. A minimum of 10-year follow-up of the Burch-Schneider cage and bulk 
allografts for the revision of pelvic discontinuity. The Journal of arthroplasty 2012;27(6):1057 10.1016/j.arth.2011.11.019 

60. Ramappa M, Bajwa A, Kulkarni A, McMurtry I, Port A. Early results of a new highly porous modular acetabular cup in revision 
arthroplasty. Hip international : the journal of clinical and experimental research on hip pathology and therapy 2009;19(3):239  

61. Sporer SM, Paprosky WG. Acetabular revision using a trabecular metal acetabular component for severe acetabular bone loss associated 
with a pelvic discontinuity. The Journal of arthroplasty 2006;21(6 Suppl 2):87 10.1016/j.arth.2006.05.015 

62. Kim WY, Greidanus NV, Duncan CP, Masri BA, Garbuz DS. Porous tantalum uncemented acetabular shells in revision total hip 
replacement: two to four year clinical and radiographic results. Hip international : the journal of clinical and experimental research on hip 
pathology and therapy 2008;18(1):17  

63. Sporer SM, Bottros JJ, Hulst JB, Kancherla VK, Moric M, Paprosky WG. Acetabular distraction: an alternative for severe defects with 
chronic pelvic discontinuity? Clinical orthopaedics and related research 2012;470(11):3156 10.1007/s11999-012-2514-1 

64. Jenkins DR, Odland AN, Sierra RJ, Hanssen AD, Lewallen DG. Minimum Five-Year Outcomes with Porous Tantalum Acetabular Cup 
and Augment Construct in Complex Revision Total Hip Arthroplasty. The Journal of bone and joint surgery American volume 
2017;99(10):e49 10.2106/JBJS.16.00125 

65. Abolghasemian M, Tangsataporn S, Sternheim A, Backstein D, Safir O, Gross AE. Combined trabecular metal acetabular shell and 
augment for acetabular revision with substantial bone loss: a mid-term review. The bone & joint journal 2013;95-B(2):166 
10.1302/0301-620X.95B2.30608 

66. Holt GE, Dennis DA. Use of Custom Triflanged Acetabular Components in Revision Total Hip Arthroplasty. Clinical orthopaedics and 
related research 2004;429(429):209 10.1097/01.blo.0000150252.19780.74 

67. Morrey BF. Joint Replacement Arthroplasty. New York, NY: Churchill Livingstone, 2003 
68. Eggli S, Muller C, Ganz R. Revision surgery in pelvic discontinuity: an analysis of seven patients. Clinical orthopaedics and related 

research 2002;398(398):136  
69. Abdel MP, Trousdale RT, Berry DJ. Pelvic Discontinuity Associated With Total Hip Arthroplasty: Evaluation and Management. J Am 

Acad Orthop Surg 2017;25(5):330 10.5435/JAAOS-D-15-00260 


