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Background: Ceramic fragmentation is a rare but serious complication after total hip arthroplasty (THA). We reviewed the PubMed literature from 1990 to 2023 and found only 31 case reports of ceramic fragmentation after THA. Our case reports help to expand understanding of this rare complication. We shared our surgical experience and identified an ideal material for revision surgery, which can serve as a useful reference for other orthopedic surgeons to perform ceramic fragmentation revision surgery in the future. We also analyzed the possible causes, diagnosis, and treatment opinions of ceramic fragmentation.



Case presentation: This study presents two cases of ceramic fragmentation after THA. One patient had ceramic head fragmentation 10 years after the primary THA, and one patient had ceramic liner fragmentation 5 years after the primary THA. Both patients presented with pain, and one patient also reported a clicking sound in the hip. The two patients described here had BMIs of 23.7 and 23.1, respectively. Both patients' ceramic fragmentation were due to aseptic loosening, not periprosthetic joint infections, as confirmed by negative microbiological cultures. Radiographic examinations of both patients revealed radio-opaque wear debris around the hip joint prostheses and we describe the surgical protocols and intraoperative findings in both cases in detail.



Conclusion: Our cases and the literature suggest that ceramic fragmentation can occur at any time after THA. The most immediate symptoms are pain and noise, but some patients may be asymptomatic. Ceramic on polyethylene bearings is recommended for revision surgery whenever possible; metal bearings should be avoided.
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1 Introduction

Ceramic fragmentation after total hip arthroplasty (THA) is a rare complication that was first reported by Israel et al. in 1989 as a potentially catastrophic complication requiring revision surgery (1). Although the incidence of ceramic fragmentation is low, ceramic fragments may induce metallosis or osteolysis (2).

Understanding the factors that contribute to ceramic fragmentation is helpful to prevent it after THA. The main causes of ceramic fragmentation after THA include a high body mass index (BMI) (3), direct or indirect trauma (4), surgical design flaws, such as the choice of bearing surface type (5), neck-cup impingement (6), small head size (4), surgical approach (7), and improper manipulation during the operation, such as misplacement of the acetabular liner (8) or incorrect ceramic insertion (9). Once ceramic fragmentation occurs, the most immediate symptom is sudden severe pain with functional impairment (9). However, ceramic fragmentation has been found incidentally in asymptomatic patients, suggesting that it may be underdiagnosed (10). Therefore, any indication for THA should prompt the orthopedic surgeon to be alert to the possibility of ceramic fragmentation.

In this report, we present two cases of ceramic fragmentation after THA: one following an accidental sprain and the other occurring suddenly with no obvious cause. Both patients had received primary THA in our hospital several years before. We describe their clinical and radiological features, treatment options, and outcomes to improve understanding of the disease, alert orthopedic surgeons to ceramic fragmentation after THA, reduce missed diagnosis and misdiagnosis, and provide an appropriate revision plan.



2 Case presentation


2.1 Case 1

A 59-year-old woman, weighing 63 kg with a height of 163 cm and a BMI of 23.7 kg/m2, presented with a 10-day history of right hip discomfort with clicking sounds. She had undergone THA following a right femoral neck fracture 10 years earlier. Ten days ago, she inadvertently strained her hip while working on her farm, leading to the onset of discomfort and clicking in her hip joint. This incident was characterized by restricted movement but was not accompanied by redness, swelling, or abnormal skin temperature. The sudden onset of pain and a snapping sensation in her hip, following the strain, were particularly noteworthy. Upon presentation, she was in pain and limping, but there was no significant deformity or tenderness in the right hip joint. Hip radiography ruled out aseptic loosening or infection, and her blood parameters, including erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) were within the normal range. Plain radiograph revealed significant ceramic flaking (Figure 1A), prompting the recommendation for right hip prosthesis revision. During surgery, a fractured femoral head and surrounding bone spurs were discovered after a “T”-shaped incision in the joint Subsequently, we conducted proactive surgical debridement, cleared the proliferative tissues, and removed the fragmented femoral head prosthesis (Figure 2A). During the revision, it was found that only the ceramic head was broken, with no loosening detected, leading to the decision to replace it with a new pink Aesculap ceramic head. After testing the new 28 mm ceramic head, it was inserted, and the tightness was satisfactory (Figure 2B). The patient has recovered well after the surgery. Follow-up x-rays confirmed well-positioned acetabular and femoral prostheses with normal anteversion and abduction angles, as well as proper fit and stability, resulting in a satisfactory surgical outcome (Figure 1B). The pain was well controlled at the 2-week follow-up, and she returned to her normal activities six weeks after surgery.
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FIGURE 1
Pelvic and hip x-rays in case 1. (A) Preoperative anteroposterior radiographs of both hips. (B) Postoperative bedside DR anteroposterior radiographs of both hips.
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FIGURE 2
Revision surgery in case 1. (A) Ceramic fragments. (B) New 28 mm pink Aesculap ceramic head.




2.2 Case 2

A 60-year-old man, weighing 66 kg, with a height of 169 cm and a BMI of 23.1 kg/m2, presented with left hip pain lasting for 1 month. He had previously undergone THA following a left femoral neck fracture 5 years earlier. The pain in his left hip developed suddenly one month ago, without any clear cause. It was described as dull and intermittent, worsening with excessive activity and weather changes, but there was no joint swelling or redness. Since his retirement, his lifestyle had become more sedentary, with only limited outdoor activities. Upon presentation, he arrived at the hospital on crutches; his lower limbs were of equal length, and he had tenderness in the left inguinal region and over the greater trochanter. Plain radiographs showed many small ceramic fragments flaking around the hip joint (Figure 3A). Therefore, he was scheduled for revision of the left hip prosthesis. After opening the joint capsule through a lateral incision and removing it, we discovered a fractured ceramic liner in the acetabulum. The presence of a significant amount of black wear debris and turbid fluid accumulation in the surrounding area suggested a more chronic process than initially apparent (Figure 4A). Despite the patient's history indicating symptoms for only one month, the extent of debris accumulation raises the possibility that the underlying issue may have been present for a longer duration. Subsequently, we completely excised the joint capsule and the tissues stained black due to the ceramic wear debris (Figure 4B). We then dislocated the joint, removed the femoral head prosthesis, and cleaned the surrounding synovial tissues. Then we removed the original screw and yellow ceramic head. There were many traces of metal on the surface of the ceramic head due to prolonged friction with the metal cup (Figure 4C). Although the acetabular cup was firmly fixed to the bone, we faced a challenge as the yellow ceramic liner had been discontinued. Consequently, we had to remove the original yellow ceramic head and opted to use a polyethylene liner, affixed to the original acetabulum with bone cement, while replacing the head with a zirconia one. To facilitate the penetration of bone cement, we removed the screws from the original acetabulum. If the acetabular prosthesis had been loose, it would have been possible to remove it for revision. The acetabular side surface was then roughened with an electric drill to ensure better adhesion. After placing the cement on the polyethylene liner, we maintained pressure for 10 min until the cement dried. This step was crucial for the successful adhesion of the cement. The operation was completed successfully. Postoperatively, we conducted microbial cultures on the intraoperative samples (tissue and synovial fluid), which resulted in negative findings. Although the patient showed a slight increase in ESR and C-reactive protein levels after surgery, it is likely due to trauma and stress.
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FIGURE 3
Pelvic and hip x-rays in case 2. (A) Preoperative anteroposterior radiographs of both hips. (B) Postoperative bedside DR anteroposterior radiographs of both hips.
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FIGURE 4
Revision surgery in case 2. (A) A large amount of black debris. (B) Tissue stained black by ceramic debris. (C) The removed screws and original yellow ceramic head. (D) Applying pressure to the polyethylene liner.


After the revision surgery, the patient's left hip pain was significantly improved. Postoperative radiographs showed well-positioned acetabular and femoral prostheses with appropriate anteversion and abduction angles, and no signs of loosening. (Figure 3B). The patient had a satisfactory surgical outcome, was discharged on the fifth day, and received instructions on limb exercises, nutrition, and infection prevention. Pain resolved by the 3-week follow-up, and normal activities resumed six weeks post-surgery. The patient was readmitted two months later for congenital hip dysplasia and underwent right hip replacement surgery. Two months post-surgery, the patient had a good prognosis with no complications and satisfactory hip mobility. Long-term follow-ups showed excellent recovery, full hip motion without discomfort, improved daily function, and stable joint health without further interventions.




3 Discussion and conclusions

Ceramic fragmentation after THA is rare, with a 0.004% incidence of ceramic head fragmentation and 0.21% incidence of ceramic lining fragmentation (11). Our review of PubMed from 1990 to 2023 found 31 case reports of ceramic fragmentation after THA (Table 1). The male-to-female ratio was 2:1 and the average age was 52.6 (range 21–82) years. In these case reports, the interval from primary THA to revision ranged from a few days to several years, suggesting that ceramic fragmentation can occur at any time after THA. All patients who have undergone a THA should immediately have plain radiographs taken once they experience postoperative pain or an abnormal sound in the hip. When radio-opaque particles are seen around the prosthesis, orthopedic surgeons should be alert to the possibility of ceramic fragmentation and perform revision surgery immediately after diagnosis. If a ceramic fracture is suspected and cannot be identified on plain radiographs, over-penetration using image intensification should be considered to help identify a subtle ceramic liner fracture (30). Computed tomography can also play an important role in the diagnosis (13). Rapid diagnosis of ceramic fragmentation after surgery is particularly important, as a long delay may cause extensive bone damage with irreversible consequences (37). Generally, after the fracture of a ceramic femoral head, the resulting fragments tend to be larger due to the absence of further grinding interactions. On the other hand, after the fracture of a ceramic liner, as the ceramic head continues to interact with the corresponding component, it can further grind the liner, leading to the generation of smaller fragments. This was observed in both of our cases according to the preoperative x-ray images.


TABLE 1 Review of ceramic fragmentation after THA (1990–2023).
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The causes of ceramic fragmentation are complex and multifactorial, encompassing various factors such as a high BMI, strenuous activity, direct or indirect trauma, and errors during the primary THA procedure. Although the BMI values of the patients in our two cases were within the normal range, it should be noted that high BMI, profession, and level of daily activities have been identified as potential risk factors for ceramic fragmentation (4, 38).

Additionally, factors related to the ceramic head itself, such as diameter, material, and impaction, also play a significant role in head fragmentation (39). In THA, it is advisable to avoid the use of short-neck ceramic femoral heads as they may carry a higher risk of fracture (40, 41). The design of short-neck ceramic femoral heads may make them more susceptible to fracture under specific stresses. This design characteristic could increase the stress concentration on the ceramic material, making it more vulnerable to damage. However, it is important to note that the specific choice of components should be based on individual patient's factors and bone anatomy. Short-neck ceramic femoral heads might be a suitable choice for certain patients, while they may not be appropriate for others. This includes factors such as a patient's bone quality, bone density, bone structure, age, activity level, and other potential risk factors. Therefore, during THA, it is essential to consider each patient's unique situation, carefully assess their bone condition and risk factors, and choose the most suitable implant components under the guidance of a healthcare professional.

To address the issue of ceramic fracture, the BIOLOX Delta ceramic femoral head was introduced and showed promise in reducing the incidence of fractures during early follow-up (42). However, despite these advancements, fractures of the BIOLOX Delta ceramic femoral head have still been reported. In a case report by Rankin et al. (21) in 2019, a fourth-generation BIOLOX Delta ceramic femoral head fracture was documented in a patient who experienced severe pain after swimming. The occurrence of ceramic fractures is still closely related to the surgeon's surgical technique. Improper impaction of the femoral head prosthesis during surgery has also been identified as a potential risk factor for ceramic head fracture (43). Although the use of fourth-generation ceramics significantly improves the material's resilience, making it less prone to brittle fracture, orthopedic surgeons still need to pay attention to obtaining proper head seating on a clean taper during femoral head assembly as a prerequisite to reduce the risk of any damage occurring at the head-taper junction (44). The surgeon's clinical experience and expertise play a crucial role in ensuring the success of the surgery and the safety of the patient.

Regarding ceramic liner fragmentation, factors such as size, material, and placement have been implicated as contributors to this issue. Ceramic liner fractures can be classified into two types: central fractures involving the entire liner and chip fractures at the peripheral rim (39). The occurrence of central fractures is often associated with incorrect installation of the ceramic liner (42). On the other hand, ceramic edge fractures are believed to result from an impact between the inner edge of the ceramic liner and the stem neck, but the exact mechanism remains unclear (45). When selecting the femoral stem, surgeons should be cautious and avoid using a large-diameter or thick-stemmed femoral component whenever possible. This is because such thick-stemmed femoral components can create a high risk of impingement with the ceramic liner, leading to ceramic liner fractures (6).

Ceramic liner fractures can occur due to impingement, which happens when the femoral stem's neck impinges against the inner edge of the ceramic liner during certain movements. The impact can cause stress concentrations on the ceramic liner and may result in fractures or chipping of the ceramic material. To minimize the risk of impingement-related ceramic fractures, surgeons should carefully assess the patient's anatomy and choose an appropriately sized femoral stem. Using a femoral component with a suitable neck length and diameter can help ensure sufficient clearance between the femoral stem and the ceramic liner, reducing the likelihood of impingement during joint movement. It is crucial for surgeons to consider the specific patient's anatomy, biomechanics, and implant compatibility when selecting the femoral stem and other components during total hip arthroplasty. A thorough preoperative evaluation and careful surgical planning are essential to achieve optimal outcomes and minimize potential complications, including ceramic liner fractures.

While we found that some patients had a history of direct or indirect trauma, the majority of patients had no obvious predisposing factors for ceramic fragmentation, and a few were asymptomatic when it occurred (summarized in Table 1). Our second patient had experienced sudden-onset pain without an obvious trigger or trauma. Lucchini et al. (44) demonstrated that ceramic head fracture can occur even without complications or significant previous trauma. Slight micromotion can lead to interface damage, leading to the loosening of the ceramic head and ultimately resulting in ceramic femoral head fracture.

Revision surgery should be performed immediately in patients with ceramic fragmentation to reduce the trauma to the surrounding tissue caused by the ceramic. It is important to be sure to remove all ceramic fragments, as this will increase the longevity of the new bearing (46). During revision surgery, the femoral head should be made of the same or stiffer material to prevent catastrophic wear and tear (26). However, metal bearings should be avoided because the metal head wears easily (19) and may even cause periprosthetic metallosis (29). The use of metal-based articulation and grinding of residual ceramic particles on the femoral head prostheses during revision surgery are associated with cobalt toxicity (47, 48). Excessive cobalt levels can lead to systemic prosthetic hip-associated cobalt toxicity (48). Kim et al. reported a case of fatal heart failure caused by cobalt poisoning after successful revision THA (49). To reduce the wear rate, ceramic on polyethylene bearings are a good choice (16). Although the fourth-generation BIOLOX delta ceramic bearing was developed to reduce wear fragments and improve fracture resistance (50), cases of ceramic fragmentation have still been reported with a BIOLOX delta femoral head on a polyethylene liner (23–25). Using the Delta CoC bearing reduced the breakage rate of the ceramic lining to 0.18% (50), which is better than using conventional ceramic, so it can also be considered in revision surgery.

We report two cases of ceramic fragmentation after THA, describing how it occurred and how we managed it during revision surgery. The first patient was diagnosed with ceramic head fragmentation. It was necessary to find a femoral head with the same taper as the femoral neck preoperatively. If the taper is consistent, the new ceramic head is less likely to fracture. It would be better if there were ceramic heads that could prevent fragmentation, such as the pink Aesculap ceramic head that we used here; its surface is coated with a layer of metal so that makes it more resistant to breakage. To the best of our knowledge, we are the first to report the use of this pink Aesculap ceramic head. We feel that this is an ideal revision material. If a ceramic head with a consistent taper cannot be found, the femur will have to be revised as well.

Our second patient was diagnosed with ceramic liner fragmentation. There were several preoperative options. First, a new ceramic liner could be inserted, but none of the existing ceramic liners were suitable, and the original ceramic liner had been discontinued, so this plan was not viable. Second, we could remove the original acetabular cup and replace it with a new acetabular cup and liner. During the operation, the acetabular cup was well fixed to the bone with no signs of loosening. If we forced the acetabular cup out, we would lose too much bone, so this plan was also rejected. The third option, which we ultimately chose, was to preserve the original acetabular cup and then attach a polyethylene liner to it with bone cement. This procedure was quicker and involved less trauma to the patient, but the long-term fixation outcome was uncertain. In addition, some details needed to be considered during the operation, such as removing the screws and roughing the inner side of the original acetabular cup to facilitate the penetration of bone cement. After we placed the acetabular cup, it needed to be held in position with a constant force until the cement set.

We report two cases of ceramic fragmentation after THA, describing the symptoms in detail and sharing our surgical experience. Ceramic fragmentation can occur at any time after primary THA; the main symptoms are pain and noise, although some patients may be asymptomatic. When performing revision surgery, it is essential to formulate an appropriate surgical plan, select appropriate bearings, and correct intraoperative handing of the components. We are the first to report the use of pink Aesculap ceramic head, which we consider to be an ideal material for revision surgery. All orthopedic surgeons should be alert to the occurrence of ceramic fragmentation after primary THA.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.



Ethics statement

This study was approved by the Ethics Committee of the Affiliated Hospital of Qingdao University and obtained written informed consent from the patient and family members. This case report and any accompanying images have been published with written consent for publication from the patient.



Author contributions

TW: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Resources, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. SG: Investigation, Validation, Visualization, Writing – review & editing. YJ: Supervision, Validation, Visualization, Writing – review & editing. WS: Validation, Visualization, Writing – review & editing. YW: Resources, Supervision, Validation, Visualization, Writing – review & editing. TL: Funding acquisition, Resources, Supervision, Validation, Visualization, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article.

This work was supported by grants from National Natural Science Foundation of China; Grant number: 82272489, 82203588; TaiShan Scholars Project Special Fund; Grant number: NO.tsqn202306396; Qingdao Traditional Chinese Medicine Science and Technology Project; Grant number: 2021-zyym28; Science and technology Development Project of Shandong Geriatric Society; Grant number: LKJGG2021W082. The funding body played no role in the design of the study and collection, analysis, and interpretation of data and in writing the manuscript.



Acknowledgments

We would like to express our gratitude to all the staff in the department, as well as the patients and their families, for their contributions and consent to use clinical data for this research.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Israel C, Linke R. Two rare complications following implantation of total hip endoprostheses with a ceramic head. Beitr Orthop Traumatol. (1989) 36:310–2. PMID: 2803193

2. Hoskins W, Rainbird S, Peng Y, Lorimer M, Graves SE, Bingham R. Incidence, risk factors, and outcome of ceramic-on-ceramic bearing breakage in total hip arthroplasty. J Arthroplasty. (2021) 36:2992–7. doi: 10.1016/j.arth.2021.03.021

3. Kocadal O, Ozler T, Bolukbasi AET, Altintas F. Non-traumatic ceramic head fracture in total hip arthroplasty with ceramic-on-ceramic articulation at postoperative 16th years. Hip Pelvis. (2019) 31:124–7. doi: 10.5371/hp.2019.31.2.124

4. Howard DP, Wall PDH, Fernandez MA, Parsons H, Howard PW. Ceramic-on-ceramic bearing fractures in total hip arthroplasty: an analysis of data from the National Joint Registry. Bone Joint J. (2017) 99-b:1012–9. doi: 10.1302/0301-620x.99b8.Bjj-2017-0019.R1

5. Steinhoff A, Hakim V, Walker RH, Colwell Jr CW, Copp SN (2015) Ceramic liner fracture and impingement in total hip arthroplasty. HSS J 11:50–5. doi: 10.1007/s11420-014-9415-7

6. Kim HS, Park JW, Lee SJ, Lee YK, Ha YC, Koo KH. High risk of neck-liner impingement and notching observed with thick femoral neck implants in ceramic-on-ceramic THA. Clin Orthop Relat Res. (2022) 480:690–9. doi: 10.1097/corr.0000000000002022

7. Allain J, Roudot-Thoraval F, Delecrin J, Anract P, Migaud H, Goutallier D. Revision total hip arthroplasty performed after fracture of a ceramic femoral head: a multicenter survivorship study. J Bone Joint Surg Am. (2003) 85:825–30. doi: 10.2106/00004623-200305000-00009

8. Higuchi Y, Hasegawa Y, Komatsu D, Seki T, Ishiguro N. Incidence of ceramic liner malseating after ceramic-on-ceramic total hip arthroplasty associated with osteolysis: a 5- to 15-year follow-up study. J Arthroplasty. (2017) 32:1641–6. doi: 10.1016/j.arth.2016.11.044

9. Kim SM, Rhyu KH, Yoo JJ, Lim SJ, Yoo JH, Kweon SH, et al. The reasons for ceramic-on-ceramic revisions between the third- and fourth-generation bearings in total hip arthroplasty from multicentric registry data. Sci Rep. (2021) 11:5539. doi: 10.1038/s41598-021-85193-7

10. Sariali E, Stewart T, Mamoudy P, Jin Z, Fisher J. Undetected fracture of an alumina ceramic on ceramic hip prosthesis. J Arthroplasty. (2010) 25:658.e651–655. doi: 10.1016/j.arth.2009.05.013

11. Viste A, Chouteau J, Desmarchelier R, Fessy MH. Fractures of a sandwich ceramic liner at ten year follow-up. Int Orthop. (2012) 36:955–60. doi: 10.1007/s00264-011-1375-7

12. Callaway GH, Flynn W, Ranawat CS, Sculco TP. Fracture of the femoral head after ceramic-on-polyethylene total hip arthroplasty. J Arthroplasty. (1995) 10:855–9. doi: 10.1016/s0883-5403(05)80087-7

13. Goretti C, Polidoro F, Paderni S, Belluati A. Ceramic on ceramic total hip arthroplasty and liner fracture. Two case reports and review of literature. Acta Biomed. (2019) 90:192–5. doi: 10.23750/abm.v90i12-S.8961

14. McCarthy MJ, Halawa M. Lining up the liner: 2 case reports of early ceramic liner fragmentation. J Arthroplasty. (2007) 22:1217–22. doi: 10.1016/j.arth.2006.11.018

15. Patetta MJ, Kayupov E, Karam JA, Chmell SJ. Fourth-generation ceramic head fracture in dual mobility total hip arthroplasty: a case report. J Orthop Case Rep. (2022) 12:98–101. doi: 10.13107/jocr.2022.v12.i01.2638

16. Pawar ED, Yadav AK, Sharma A, Harsoor A. Ceramic liner fracture in ceramic on ceramic total hip arthoplasty: a case report. Int J Surg Case Rep. (2019) 65:242–4. doi: 10.1016/j.ijscr.2019.10.079

17. Kern S, Schreiber A, Hilfiker B. Ceramic head fracture–a rare complication in hip endoprosthesis. Case report and literature survey. Z Orthop Ihre Grenzgeb. (1990) 128:543–8. doi: 10.1055/s-2008-1039611

18. Stea S, Visentin M, Bordini B, Traina F, Squarzoni S, Toni A. A case report of fracture of ceramic head in total hip arthroplasty: histological and biochemical features of perimplant tissues. Int J Artif Organs. (2006) 29:800–8. doi: 10.1177/039139880602900810

19. Xing D, Yang C, Li R, Hou Y, Kou B, Li H, et al. Severe wear and multiple pseudotumor formation due to revision for ceramic head breakage after ceramic-on-ceramic total hip arthroplasty: a case report. BMC Musculoskelet Disord. (2019) 20:332. doi: 10.1186/s12891-019-2722-x

20. Aytekin K, Esenyel CZ. Acetabulum protrusion following ceramic liner fracture: a case report. Malays Orthop J. (2018) 12:45–7. doi: 10.5704/MOJ.1803.010

21. Rankin CS, Robinson PG, Beattie N, Gaston P. Fracture of a BIOLOX delta ceramic femoral head: a case report and update of the literature. JBJS Case Connect. (2019) 9:e0336. doi: 10.2106/JBJS.CC.18.00336

22. Otsuka NY, Schatzker J. A case of fracture of a ceramic head in total hip arthroplasty. Arch Orthop Trauma Surg. (1994) 113:81–2. doi: 10.1007/BF00572910

23. Heiner AD, Mahoney CR. Fracture of a BIOLOX delta ceramic femoral head articulating against a polyethylene liner: a case report. JBJS Case Connect. (2014) 4:e97. doi: 10.2106/JBJS.CC.N.00040

24. Valentini R, Vacchiano A, Sandri A, Regis D, Dall'Oca C, Magnan B. Fourth generation head fracture in ceramic-on-polyethylene bearing after hip revision surgery: a case report. Acta Biomed. (2020) 91:248–53. doi: 10.23750/abm.v91i4-S.9499

25. Pomeroy E, Rowan F, Masterson E. Atraumatic fracture of a BIOLOX delta ceramic femoral head articulating with a polyethylene liner: a case report. JBJS Case Connect. (2015) 5:e112. doi: 10.2106/JBJS.CC.O.00146

26. Lee LH, Langton D, Green S. Adverse sequelae following revision of a total hip replacement for a fractured ceramic component: case report. SICOT J. (2015) 1:28. doi: 10.1051/sicotj/2015030

27. Antoniac I, Negrusoiu M, Mardare M, Socoliuc C, Zazgyva A, Niculescu M. Adverse local tissue reaction after 2 revision hip replacements for ceramic liner fracture: a case report. Medicine (Baltimore). (2017) 96:e6687. doi: 10.1097/MD.0000000000006687

28. Artiaco S, Fusini F, Zoccola K, Masse A, Colzani G. Metallosis in sequelae of prosthetic revision for ceramic components fracture: a case report with clinical presentation mimicking periprosthetic hip infection. Joints. (2019) 7:215–7. doi: 10.1055/s-0041-1730981

29. Topolovec M, Milosev I, Cor A. Outcome after two sequential revision hip arthroplasties for CoC bearing fracture with 10 years follow-up: a case report. J Orthop Case Rep. (2021) 11:45–8. doi: 10.13107/jocr.2021.v11.i07.2310

30. Shafafy R, Foote J, Hargrove R. A novel technique for identification of fractured ceramic acetabular liner in total hip arthroplasty: a case report. Hip Int. (2015) 25:492–4. doi: 10.5301/hipint.5000236

31. Gallo J, Stewart T, Novotny R, Dusza J, Galusek D. Early fracture of a plasma cup ceramic liner: a case report and surface analysis. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. (2007) 151:341–6. doi: 10.5507/bp.2007.058

32. Sodiwala V, Rao VB, Pillay J. The case of the hip grinders: fracture and failure of ceramic femoral head prostheses. Emerg Med J. (2006) 23:639–40. doi: 10.1136/emj.2006.034991

33. Bekler HI, Erdag Y, Ozsahin M. Intrapelvic protrusion of the ceramic head resulting from forte ceramic liner fracture without a significant trauma: a case report. Eklem Hastalik Cerrahisi. (2013) 24:173–7. doi: 10.5606/ehc.2013.37

34. Dirvar F. Role of computed tomography in determining the choice of treatment for delayed ceramic acetabular liner fracture: a case report. Jt Dis Relat Surg. (2020) 31:377–81. doi: 10.5606/ehc.2020.72241

35. Hasegawa M, Sudo A, Uchida A. Cobalt-chromium head wear following revision hip arthroplasty performed after ceramic fracture–a case report. Acta Orthop. (2006) 77:833–5. doi: 10.1080/17453670610013088

36. Allain J, Goutallier D, Voisin MC, Lemouel S. Failure of a stainless-steel femoral head of a revision total hip arthroplasty performed after a fracture of a ceramic femoral head. A case report. J Bone Joint Surg Am. (1998) 80:1355–60. doi: 10.2106/00004623-199809000-00016

37. Hannouche D, Zaoui A, Zadegan F, Sedel L, Nizard R. Thirty years of experience with alumina-on-alumina bearings in total hip arthroplasty. Int Orthop. (2011) 35:207–13. doi: 10.1007/s00264-010-1187-1

38. Migaud H, Putman S, Kern G, Isida R, Girard J, Ramdane N, et al. Do the reasons for ceramic-on-ceramic revisions differ from other bearings in total hip arthroplasty? Clin Orthop Relat Res. (2016) 474:2190–9. doi: 10.1007/s11999-016-4917-x

39. Konan S, Alazzawi S, Yoon BH, Cha YH, Koo KH. A focused update on preventing ceramic fractures in hip arthroplasty: is the ‘cup’ half full? Bone Joint J. (2019) 101-B:897–901. doi: 10.1302/0301-620X.101B8.BJJ-2019-0309.R1

40. Kim HS, Park JW, Ha JH, Lee YK, Ha YC, Koo KH. Third-generation ceramic-on-ceramic total hip arthroplasty in patients with osteonecrosis of the femoral head: a 10- to 16-year follow-up study. J Bone Joint Surg Am. (2022) 104:68–75. doi: 10.2106/jbjs.20.00720

41. Hallan G, Fenstad AM, Furnes O. What is the frequency of fracture of ceramic components in THA? Results from the Norwegian arthroplasty register from 1997 to 2017. Clin Orthop Relat Res. (2020) 478:1254–61. doi: 10.1097/corr.0000000000001272

42. Kim YH, Park JW, Kim JS. Alumina delta-on-alumina delta bearing in cementless total hip arthroplasty in patients aged <50 years. J Arthroplasty. (2017) 32:1048–53. doi: 10.1016/j.arth.2016.10.035

43. Hernigou P, Roubineau F, Bouthors C, Flouzat-Lachaniette CH. What every surgeon should know about ceramic-on-ceramic bearings in young patients. EFORT Open Rev. (2016) 1:107–11. doi: 10.1302/2058-5241.1.000027

44. Lucchini S, Baleani M, Giardina F, Martelli A, Castagnini F, Bordini B, et al. A case-driven hypothesis for multi-stage crack growth mechanism in fourth-generation ceramic head fracture. J Orthop Surg Res. (2022) 17:293. doi: 10.1186/s13018-022-03190-6

45. Lim SJ, Ryu HG, Eun HJ, Park CW, Kwon KB, Park YS (2018) Clinical outcomes and bearing-specific complications following fourth-generation alumina ceramic-on-ceramic total hip arthroplasty: a single-surgeon series of 749 hips at a Minimum of 5-year follow-up. J Arthroplasty 33:2182–2186.e2181. doi: 10.1016/j.arth.2018.02.045

46. Garino J, Rahaman MN, Bal BS. The reliability of modern alumina bearings in total hip arthroplasty. Semin Arthroplasty. (2006) 17:113–9. doi: 10.1053/j.sart.2006.09.004

47. Crutsen JRW, Koper MC, Jelsma J, Heymans M, Heyligers IC, Grimm B, et al. Prosthetic hip-associated cobalt toxicity: a systematic review of case series and case reports. EFORT Open Rev. (2022) 7:188–99. doi: 10.1530/EOR-21-0098

48. Garcia MD, Hur M, Chen JJ, Bhatti MT. Cobalt toxic optic neuropathy and retinopathy: case report and review of the literature. Am J Ophthalmol Case Rep. (2020) 17:100606. doi: 10.1016/j.ajoc.2020.100606

49. Kim CH, Choi YH, Jeong MY, Chang JS, Yoon PW. Cobalt intoxication heart failure after revision total hip replacement for ceramic head fracture: a case report. Hip Pelvis. (2016) 28:259–63. doi: 10.5371/hp.2016.28.4.259

50. Lee YK, Lim JY, Ha YC, Kim TY, Jung WH, Koo KH. Preventing ceramic liner fracture after Delta ceramic-on-ceramic total hip arthroplasty. Arch Orthop Trauma Surg. (2021) 141:1155–62. doi: 10.1007/s00402-020-03515-2



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Ceramic fragmentation after total hip arthroplasty: two case reports and literature review

		1 Introduction



		2 Case presentation



		2.1 Case 1



		2.2 Case 2











		3 Discussion and conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Ceramic fragmentation after total
hip arthroplasty: two case reports
and literature review





OPS/images/fsurg-11-1357301-t001.jpg
First author and| No.of | Age/ Precipitating Preoperative symptoms Time from primary | Ceramic fracture

reference cases sex factors THA to revision
Callaway (12) 4 20F | Volleyball game; Crunching and pain; 5M Ceramic liner
62M | Climbed the stairs; Slight discomfort; oM Ceramic head
52M | Tripped; Intermittent groin pain; M Ceramic head
55F | N Snap and mild pain IM Ceramic head
Goretti (13) 2 58M | N Noise 9y Ceramic liner
oM N Noise and pain ny Ceramic liner
McCarthy (14) 2 7LF | Satand then stood; Pain; 7™ Ceramic liner
8F | N N 5W Ceramic liner
Patetta (15) X 45M | Tripped and fell on his | Severe pain in the right groin 45Y Fourth-generation
right hip ceramic head
Pawar (16) 1 M [N Squeaking 30 M Ceramic liner
Kem (17) 1 / N Pain 2Y Ceramic head
Stea (15) 1 60M | Fell A crunch with motion of the left hip | 7Y Ceramic head
Xing (19) 1 50M | Fell Continuous crepitus in the right hip | 6 Y Ceramic head
Aytekin (20) 1 57F [N Pain 6Y Ceramic liner
Rankin (21) 1 52M | Fell on his right hip Sharp pain and a sensation of grinding | 8 M Ceramic head
in his right hip
Otsuka (22) 1 48M (N Suddenly heard and felt a loud crack in | 4 Y Ceramic head
his right hip
Heiner (23) 1 45F A bicyele accident Moderately severe left hip pain 18 M BIOLOX delta
ceramic head
Valentini (24) 1 58 M | Direct trauma in skiing | Pain 6Y BIOLOX delta
activity ceramic head
Pomeroy (25) 1 aM N Clicking sound 10D BIOLOX delta
ceramic head
Lee (26) 1 aM N Pain 2Y Ceramic liner
Antoniac (27) 1 56 M | Road traffic accident | Pain 1Y Ceramic liner
35Y
Artiaco (25) 1 M [N Pain 3Y Ceramic liner
Topolovec (29) 1 50M | N Pain, crepitus noises, limited hip 1ny Ceramic liner
motion
Shafafy (30) 1 82M [N Right groin pain 15M Ceramic liner
Gallo (31) 1 7F N Squeaking noise accompanied each | 7Y Ceramic liner
step
Sodiwala (32) 2 39M | Fell on right hip; Continuing crunching in the right hip; | 8 M Ceramic head
M N Sudden onset pain to the right hip | 7Y Ceramic head
Bekler (33) 1 #F [N Pain, limitation of range of motion, | 14 M Ceramic liner
sudden cracking sound
Dirvar (34) 1 50 M | Traumatic event Pain, limb length shortening 5Y Ceramic liner
Hasegawa (35) 1 59F N A crepitus deep in the right hip during | 1Y Ceramic liner
motion
Allain (36) 1 54F | N Sudden onset of pain in the hip 5Y Ceramic head

S e N S R s,









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





OPS/images/fsurg-11-1357301-g001.jpg





OPS/images/fsurg-11-1357301-g002.jpg





OPS/images/fsurg-11-1357301-g003.jpg





OPS/images/fsurg-11-1357301-g004.jpg





