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Background: Periprosthetic osteolysis is a serious complication following total hip arthroplasty (THA). However, most
orthopedic surgeons only focus on bone loss and hip reconstruction. Thus, it was required to understand the treat-
ment algorithm for periprosthetic osteolysis integrally.

Case Presentation: A 52-year-old Asian male presented with chronic hip pain. A mass appeared on the medial side
of the proximal left thigh at more than 20 years after bilateral THA. Radiographs revealed catastrophic periprosthetic
osteolysis, especially on the acetabular side. Large amounts of necrotic tissue and bloody fluids were thoroughly
debrided during revision THA. A modular hemipelvic prosthesis was used for revision of the left hip. Four years later,
the patient presented with right hip pain, where a mass appeared on the medial side of the proximal right thigh. A pri-
mary acetabular implant with augment was used for revision of the right hip. Laboratory evaluation of bloody fluid
retrieved from surgery revealed elevated levels of inflammatory markers.

Conclusion: Inflammatory responses to polyethylene wear debris can lead to severe bone resorption and aseptic loos-
ening in the long-term following THA. Therefore, in spite of revision THA, interrupting the cascade inflammatory might
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be the treatment principle for periprosthetic osteolysis.
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Introduction

he major indications for revision of total hip

arthroplasty (THA) include periprosthetic osteolysis,
aseptic loosening, hip instability, and periprosthetic infec-
tion. The burden of revision surgery continues to increase
with the popularity of primary THA." Due to a large num-
ber of patients carrying older implant designs with conven-
tional polyethylene, periprosthetic osteolysis has remained a
common cause of revision THA.> Periprosthetic osteolysis
originates from chronic inflammatory responses triggered
by implant-derived particulate debris, which cause recruit-
ment of cells, including macrophages, fibroblasts, lympho-
cytes and osteoclasts. These cells secrete proinflammatory

and osteoclastogenic cytokines, exacerbating the inflammatory
response.” Here we describe a case of catastrophic per-
iprosthetic osteolysis 20 years after bilateral THA, where the
composition of the bilateral pelvis including the ilium, pubic
branch, and ischial ramus almost disappeared, resulting in a
mass on the proximal thigh and hip dysfunction. To our
knowledge, this is the first report of catastrophic per-
iprosthetic osteolysis leading to an inflammatory cascade in
response to tissue necrosis at an extended time period of 20
years after primary THA. We discuss the clinical findings,
appropriate diagnostic workup, and treatment for this
unique case. In the workup of a patient with periprosthetic
osteolysis, it is important to recognize the possibilities prior
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to catastrophic failure, such as component dislocation or
loosening.

The patient was informed that data concerning the case
would be submitted for publication, and has provided consent.

Case Presentation
52-year-old Asian male with past medical history of
ankylosing spondylitis involving bilateral hip, now with
bilateral THA, presented with chronic left hip pain. A mass
appeared on the medial side of the proximal left thigh and
has increased in size. On review of previous medical records,
the patient’s bilateral THA was performed in 1996 at our
hospital, more than 20 years prior to his clinical presentation
for hip pain. Operative reports detailed the use of a metal
acetabular shell with a 32-mm polyethylene insert (JingHang,
China). On the femoral side, JingHang size #4 hip stem was
used and paired with a 28-mm femoral head, creating a
metal on polyethylene (MoP) construct. On physical

PERIPROSTHETIC OSTEOLYSIS AFTER THA

examination, he confirmed left hip and groin pain leading to
no range of motion of the hip joint. Radiographic imaging of
the pelvis showed severe left periprosthetic osteolysis
(Paprosky IIIB) (ilium, pubic branch and ischial ramus), as
well as displacement of the acetabular shell (Figure 1). After
preoperative planning (Figure 2), a revision surgery was con-
ducted through his previous anterolateral incision and poste-
rior approach. On direct visualization of the implant, there
was evidence of acetabular shell loosening and extensive dark
necrotic tissue (Figure 3). After excision of the associated
periprosthetic necrotic tissue, a modular hemipelvic prosthe-
sis was fixed with screws (GPS II, AK Medical, Beijing,
China) and a 28-mm metal femoral head (JingHang, China)
were used without conducting revision for the femoral stem
due to no obvious loosening (Figure 4). The intraoperative
bleeding was about 750 mL.

After 4years, the patient presented with right hip pain,
whereby a mass appeared on the medial side of the proximal right

Fig. 1 Preoperative radiograph imaging of the pelvis demonstrating periprosthetic osteolysis of left hip. (A) Anteroposterior (AP) radiograph of the
pelvis. (B) Lateral radiograph of the left hip. (C) Bone scintigraphy showing no active bone metabolism. (D) 3D reconstruction of CT scan of the
pelvis. (E) 3D reconstruction of CT scan of left hip. CT = computed tomography.
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Fig. 2 Preoperative planning for reconstruction of left hip due to severe
periprosthetic osteolysis.

Fig. 4 Anteroposterior radiograph after left revision THA.

Fig. 3 Intraoperative gross examination of the surgical field with loosing acetabular shell and necrosis tissue. (A) Anterolateral incision to probe
mass appeared on the medial side of the left hip. (B) Exposure of large amounts of necrotic tissue inside the mass via posterior approach.
(C) Displaced acetabular shell in surgical field. (D) Large amounts of necrotic tissue and removed metal femoral head and acetabular shell.
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Fig. 5 Preoperative radiograph
imaging of the pelvis demonstrating
periprosthetic osteolysis of right hip.
(A) Anteroposterior (AP) radiograph of
the pelvis. (B) Lateral radiograph of
the right hip. (C) 3D reconstruction of
CT scan of the pelvis. (D) 3D
reconstruction of CT scan of right hip.
CT = computed tomography.

thigh. Physical examination of the right hip gave similar results
as previously with the left hip. Laboratory evaluation rev-
ealed elevated levels of inflammatory markers, with C-
reactive protein (CRP) at 47.8 mg/L and an erythrocyte
sedimentation rate (ESR) of 44 mm/h. Radiographic imag-
ing of the pelvis showed severe right periprosthetic
osteolysis (Paprosky IIIB) (Figure 5). Two plans were made
during preoperative planning, namely modular hemipelvic
prosthesis or primary prosthesis in the acetabular side
(Figure 6). A posterolateral approach was utilized, which
readily granted access to the implant and necrotic tissue in
the right hip. Samples of the periprosthetic necrotic tissue
were collected and sent for laboratory examination. Bloody
fluid in the surgical field was obtained and sent to the bio-
chemical laboratory for evaluation. A primary acetabular
shell, a 32-mm polyethylene insert secured with three can-
cellous bone screws, a slope augment (ACT, AK Medical,
China), and a 28-mm metal femoral head (JingHang,
China) were used without femoral side revision (Figure 7).
The intraoperative bleeding was about 500 mL. After sur-
gery, patient was instructed to be bedridden and partially
weight-bearing on the floor successively.

PERIPROSTHETIC OSTEOLYSIS AFTER THA

Scanning electron microscopy (SEM) findings indi-
cated that polyethylene particles originated from MoP wear
(Figure 8). Laboratory evaluation revealed an elevation of
inflammatory markers without infection, including TNEF-p,
IL-6, IL-8 and IL-1pB, which initiated a cascade of immune
responses (Table 1). Thus, the immune response caused by
polyethylene particles is the underlying cause of the occur-
rence of catastrophic periprosthetic osteolysis. Postoperative
radiographic imaging confirmed the initial stability of the
right hip prosthesis (Figure 9). After revision THA, the
patient underwent two additional procedures for hematoma
clearance and exploratory operations due to chronic bleeding
in the right hip. Although lower extremity angiography was
conducted, there was no active bleeding from iliac vessels.
The patient died after 6 months due to hemorrhagic shock
caused by coagulation abnormalities and malnutrition.

Discussion
he present study reported a severe catastrophic per-
iprosthetic osteolysis as a serious complication following
total hip arthroplasty. Further, we confirmed that polyethyl-
ene wear debris induced cascade inflammatory response was
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associated with bone resorption and aseptic loosening. The
process of this “silent” iatrogenic disease involves both
mechanical and biological factors that initiate a local
immune response in the periprosthetic tissue that eventually
led to implant loosening and failure.* Therefore, interrupting
the cascade inflammatory might be the treatment principle
for periprosthetic osteolysis. Currently, the interventions,
including operative and non-operative treatments, were to
inhibit osteoclastic bone resorption and to induce bone for-
mation (Table 2).

There are few reports in the medical literature of cata-
strophic periprosthetic osteolysis that originated from pro-
gressive, active and inflammatory cascade response to
polyethylene wear debris.'>'* Excessive production of wear
by-products induces a foreign body and chronic inflammatory

PERIPROSTHETIC OSTEOLYSIS AFTER THA

Fig. 6 Preoperative planning for reconstruction of right
hip. 3D reconstruction of pelvis by finite element
method from frontal view (A) and from lateral view (B).
Preoperative planning for reconstruction of right hip
based on modular hemipelvic prosthesis from frontal
view (C) and from posterior view (D). Preoperative
planning for reconstruction of right hip based on
primary prosthesis from frontal view (E) and from
posterior view (F).

reaction that accelerates periprosthetic bone destruction and
inhibits bone formation.'> Previous case reports were not as
severe as the current case.'® Conventional polyethylene that is
gamma irradiated in air generates increased amounts of free
radicals, which induce additional wear particles, osteolysis,
and eventual component loosening.'” Periprosthetic osteolysis
and aseptic loosening are the leading causes of revision THA
in patients with conventional, non-crosslinked polyethylene.'®
In this case, with non-cemented implants, any areas without
bony ingrowth could provide access to particle-laden joint
fluid and result in periprosthetic osteolysis.'” The process of
osteolysis begins with macrophage-mediated phagocytosis
of polyethylene wear debris.*** After ingesting the wear
debris, macrophages produce pyrolysis products which result
in further release of inflammatory cytokines from other



1923

ORTHOPAEDIC SURGERY
VoLuME 14 « NUMBER 8 « AuGusT, 2022

Fig. 7 Intraoperative examination of the surgical field
in right revision THA. (A) A large amount of bloody fluid
was seen flowing out of deep tissue during the
surgery. (B) Remove necrotic tissue completely to
expose acetabular side and femoral side. (C) Large
amounts of necrotic tissue. (D) Explanted acetabular
shell, polyethylenes insert and metal femoral head.
(E) Primary acetabular shell, polyethylenes insert
secured with three cancellous bone screws, a slope
augments were implanted. (F) Hip joint reduction with
femoral stem preservation.

macrophages, inducing an elevated immune response and
bone resorption.*"**

The treatment algorithm for treatment algorithm per-
iprosthetic osteolysis needs to consider the patient’s symp-
toms, activity level, and medical co-morbidities." The patient
in this case presented with worsening pain, appearance of
acetabular shell loosening, and severe bone loss, leading to
indications for revision surgery. Complete debridement of
the patient’s osteolytic lesions was of significant importance,
which could inhibit the inflammation by removing reservoirs
of cytokines. In a previous study, we reported that modular
hemipelvic endoprosthesis, coupled with the use of iliosacral
fixation showed stable reconstruction and good functional
outcomes for patients with severe acetabular bone loss.”’
Considering left hemipelvic absence in this case, a modular
hemipelvic prosthesis was used in the revision of the left hip.

PERIPROSTHETIC OSTEOLYSIS AFTER THA

After evaluation of acetabular bone loss in the right hip,
defects exhibited >60% deficiency of the host acetabular bone
stock, and the acetabular rim and columns were completely
non-supportive. Hence, a non-cemented acetabular shell was
used in conjunction with a modular porous metal augment
in the revision of the right hip.** After evaluation of the fem-
oral side, the stem was not revised in the left or right hip
due to their satisfactory stability.

Risk factors for periprosthetic osteolysis may be related
to patient, surgical, and implant aspects. Although highly
crosslinked polyethylene and newer implant designs have
been used in more recent THA procedures with improved
long-term survivorship,”> other factors such as appropriate
polyethylene thickness and proper positioning of compo-
nents might still contribute to osteolysis after THA." In the
diagnosis of osteolysis post-THA and treatment using
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Table 1 Immunity and inflammation evaluation of bloody fluid in

surgical field

Cytokines Result (pg/mL) Reference values
TNF-B 21.54% <2.54
IL-8 10725.41%* <15.71
IL-6 17706.63* <11.09
IL-1p 24.30% <3.40
IL-17F <1.00 <4.66
TNF-o <1.00 <4.50
INF-y <1.00 <4.43
IL-22 <1.00 <3.64
IL-17A <1.00 <4.74
IL-12p70 <1.50 <10.18
IL-10 2.33 <4.50
IL-5 <1.00 <4.15
IL-4 <1.50 <4.19
IL-2 <1.50 <6.64
* Indicated positive result.

PERIPROSTHETIC OSTEOLYSIS AFTER THA

Fig. 8 Polyethylene particles leading
to periprosthetic osteolysis.

(A) Polyethylene particles were
observed under the microscope.

(B) Catastrophic wear from
polyethylene insert. (C) Normal area of
polyethylene insert in SEM imaging.
(D) Worn area of polyethylene insert in
SEM imaging.

revision THA, it is of prime importance to conduct a thor-
ough evaluation, meticulous radiographic examinations,
detailed preoperative planning, adequate implant prepara-
tion, and skillful surgical execution.
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Fig. 9 Anteroposterior (A) and lateral (B) radiograph after right revision THA.

PERIPROSTHETIC OSTEOLYSIS AFTER THA

Table 2 Treatments for periprosthetic osteolysis

Intervention Treatments

Mechanism

Operative treatment Revision surgery

Non-operative treatment Bisphosphonates

Denosumab
Aimed at specific pro-inflammatory cytokines

Targeted to upstream from the inflammatory
cytokines

The 1-34 amino acid portion (1-34) of
parathyroid hormone (PTH)

Recombinant OPG gene therapy

Icariin

Cell therapy

It is indicated to correct the failing articulation and address prior and
ongoing potential bone loss.®

These medications do not affect the pro-inflammatory profile of
periprosthetic tissues.®

It is @ human monoclonal antibody to RANKL that blocks the binding of
RANKL to RANK, thereby inhibiting osteoclast activity and function.”

It inhibit cytokine pathway that dramatically affect the consequences of
injury or other adverse stimuli.®

It can interfere with the key proinflammatory transcription factor.®

It is an anabolic substance that increases bone formation.®

It can inhibit osteolysis.*°

It can protect osteolysis by promoting osteogenic differentiation of MSCs. 1t

Local therapeutic delivery of cells can directly or indirectly affect
osteolysis.*?

University People’s Hospital Scientific Research Develop-
ment Funds (No. RXD2020-02). These funding bodies had

role in the collection and interpretation of data and in writ-
ing the manuscript.

References

1. Sheth NP, Rozell JC, Paprosky WG. Evaluation and treatment of patients with
acetabular osteolysis after total hip arthroplasty. J Am Acad Orthop Surg. 2019;
27(6):e258-67.

2. Engh CA Jr, Egawa H, Beykirch SE, Hopper RH Jr, Engh CA. The quality of
osteolysis grafting with cementless acetabular component retention. Clin Orthop
Relat Res. 2007;465:150-4.

3. Goodman SB, Gibon E, Yao Z. The basic science of periprosthetic osteolysis.
Instr Course Lect. 2013;62:201-6.

4. Noordin S, Masri B. Periprosthetic osteolysis: genetics, mechanisms and
potential therapeutic interventions. Can J Surg. 2012;55:408-17.

5. Kurcz B, Lyons J, Sayeed Z, Anoushiravani AA, lorio R. Osteolysis as it pertains
to total hip arthroplasty. Orthop Clin North Am. 2018;49:419-35.

6. Smith RL, Schwarz EM. Are biologic treatments a potential approach to wear- and
corrosion-related problems. Clin Orthop Relat Res. 2014;472:3740-6.

7. Cummings SR, San Martin J, McClung MR, Siris ES, Eastell R, Reid IR, et al.
Denosumab for prevention of fractures in postmenopausal women with
osteoporosis. N Engl J Med. 2009;361:756-65.

8. Purdue PE, Koulouvaris P, Potter HG, Nestor BJ, Sculco TP. The cellular and
molecular biology of periprosthetic osteolysis. Clin Orthop Relat Res. 2007;454:
251-61.



1926

ORTHOPAEDIC SURGERY
VoLuME 14 « NUMBER 8 « AUGUST, 2022

9. Abu-Amer Y, Darwech I, Clohisy JC. Aseptic loosening of total joint
replacements: mechanisms underlying osteolysis and potential therapies.
Arthritis Res Ther. 2007;9(Suppl 1):S6.

10. Ulrich-Vinther M, Carmody EE, Goater JJ, S Balle K, O’Keefe RJ, Schwarz EM.
Recombinant adeno-associated virus-mediated osteoprotegerin gene therapy
inhibits wear debris-induced osteolysis. J Bone Joint Surg Am. 2002;84:1405-12.
11. Wang J, Tao Y, Ping Z, Zhang W, Hu X, Wang Y, et al. Icariin attenuates
titanium-particle inhibition of bone formation by activating the Wnt/p-catenin
signaling pathway in vivo and in vitro. Sci Rep. 2016;6:23827.

12. Pajarinen J, Lin T, Gibon E, Kohno Y, Maruyama M, Nathan K, et al.
Mesenchymal stem cell-macrophage crosstalk and bone healing. Biomaterials.
2019;196:80-9.

13. Ollivere B, Wimhurst JA, Clark IM, Donell ST. Current concepts in osteolysis.
J Bone Joint Surg Br. 2012;94(1):10-5.

14. McArthur BA, Scully R, Patrick Ross F, Bostrom M, Falghren A.
Mechanically induced periprosthetic osteolysis: a systematic review. HSS J.
2019;15:286-96.

15. Pearle AD, Crow MK, Rakshit DS, Wohlgemuth J, Nestor BJ. Distinct
inflammatory gene pathways induced by particles. Clin Orthop Relat Res. 2007;
458:194-201.

16. Massin P, Achour S. Wear products of total hip arthroplasty: the case of
polyethylene. Morphologie. 2017;101(332):1-8.

17. Callaghan JJ, Hennessy DW, Liu SS, Goetz KE, Heiner AD. Cementing
acetabular liners into secure cementless shells for polyethylene wear
provides durable mid-term fixation. Clin Orthop Relat Res. 2012;470(11):
3142-7.

PERIPROSTHETIC OSTEOLYSIS AFTER THA

18. Hall A, Eilers M, Hansen R, Robinson BS, Maloney WJ, Paprosky WG, et al.
Advances in acetabular reconstruction in revision total hip arthroplasty:
maximizing function and outcomes after treatment of periacetabular osteolysis
around the well-fixed shell. Instr Course Lect. 2014;63:209-18.

19. Urban RM, Hall DJ, Della Valle C, Wimmer MA, Jacobs JJ, Galante JO.
Successful long-term fixation and progression of osteolysis associated with
first-generation cementless acetabular components retrieved post mortem.

J Bone Joint Surg Am. 2012;94(20):1877-85.

20. Zhang R, Lin J, Chen F, Chen M. Worldwide trends of research on
periprosthetic osteolysis: a bibliometric study based on VOSviewer. Indian J
Orthop. 2021;55:1326-34.

21. Saleh KJ, Thongtrangan |, Schwarz EM. Osteolysis: medical and surgical
approaches. Clin Orthop Relat Res. 2004;427:138-47.

22. Goodman SB, Gibon E, Gallo J, Takagi M. Macrophage polarization and the
osteoimmunology of periprosthetic osteolysis. Curr Osteoporos Rep. 2022;20:
43-52.

23. JiT, Yang Y, Tang X, Liang H, Yan T, Yang R, et al. 3D-printed modular
hemipelvic endoprosthetic reconstruction following periacetabular tumor
resection: early results of 80 consecutive cases. J Bone Joint Surg Am. 2020;
102(17):1530-41.

24. Sheth NP, Nelson CL, Springer BD, Fehring TK, Paprosky WG. Acetabular
bone loss in revision total hip arthroplasty: evaluation and management. J Am
Acad Orthop Surg. 2013;21(3):128-39.

25. Engh CA Jr, Hopper RH Jr, Huynh C, Ho H, Sritulanondha S, Engh CA Sr. A
prospective, randomized study of cross-linked and non-cross-linked polyethylene for
total hip arthroplasty at 10-year follow-up. J Arthroplasty. 2012;27(8 Suppl):2-7.e1.



	 Catastrophic Periprosthetic Osteolysis in Total Hip Arthroplasty at 20Years: A Case Report and Literature Review
	Introduction
	Case Presentation
	Discussion
	Availability of data and material

	Conflict of interest
	Funding
	References


