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A B S T R A C T   

Local and remote complications can be observed in hip prosthesis failures associated with metallosis. Structural 
changes in the periprosthetic bone and soft tissues may not always be precisely assessed preoperatively due to 
metal artifacts. The unpredictability of the damage extension, potentially leading to complex and insidious 
surgeries, requires the availability of alternative surgical plan(s) for the reconstruction of the joint. The aim of 
the study is to present and analyze, with the literature data support, practical tips for the revision of the pros-
thetic components, the management of ARMD and of intraoperative complications in the unusual scenario of 
metallosis.   

1. Introduction 

Total hip arthroplasty is a widespread and highly successful ortho-
pedic procedure. The constant increase in the number of total hip 
arthroplasties is associated with the substantial burden of revision total 
hip arthroplasty. The cause of a prosthetic hip failure influences the 
prognosis of revision surgery and, to some extent, can determine local 
and sometimes remote pathological manifestations. In hip prosthesis 
failures associated with metallosis, local complications of varying de-
grees can be observed, ranging from small asymptomatic soft tissue le-
sions to dramatic osteolysis, necrotic processes and solid or cystic 
pseudotumors, which can cause secondary pathological effects (often 
related to mass effect).1,2 Structural changes in the periprosthetic bone 
and soft tissues may not always be precisely assessed preoperatively 
because of the magnitude of metal artifacts in diagnostic imaging. The 
unpredictability of the damage extension requires the availability of 
alternative surgical plan(s) and extra implants for reconstruction on 
both the acetabular and femoral sides, potentially leading to unexpect-
edly complex and insidious surgeries even for experienced surgeons. 
This study aims to report and analyze the surgical strategies adopted in a 
case series of 15 hip prosthetic failures in metallosis. 

2. Materials and methods 

A retrospective study was conducted recruiting an original consec-
utive series of patients who underwent THA revision surgeries in the 
Orthopedic Unit of the University of Sassari, Italy, between May 2013 
and May 2019. Initially, all revision procedures were considered. 

From the total series of 196 THA revisions, the study was focused on 
15 cases (both MoM and MoP bearings) in which the indication for 
revision was mainly due to metallosis. Thirteen cases were included on 
account of one symptomatic pseudotumor visible to instrumental images 
(MRI, CT, ultrasound) and later confirmed as an adverse reaction to 
metal debris (ARDM); two other MoM THA revision cases were included 
since an ARDM (confirmed on histological examination) located within 
the femoral canal and not extended in the periarticular soft tissues was 
intraoperatively highlighted. 181 patients were excluded from the study 
in the lack of metal debris production or macroscopic histological 
changes in the periprosthetic tissues found on the revision surgery. Five 
cases out of 181 were MoM THA revisions for causes other than metal-
losis (3 MoM THA revisions for traumatic non-pathological peri-
prosthetic fracture and 2 revisions in early failure for aseptic loosening: 
1 acetabular cup migration, 1 subsident undersized femoral stem; in 
none of these 5 cases macroscopic or microscopic signs of reaction to 
metals debris or radiographic signs of osteolysis were found, except for a 
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periprosthetic radiolucent line around the subsident stem; no patho-
logical levels of metal ions in the blood of these 5 patients were 
detected). 

Patients, implants and surgical characteristics were collected from 
medical records. Data were reviewed by 3 investigators (F.E., A.F., R.M.) 
not involved in the original patient care. Patients’ characteristics 
included first diagnosis, gender, age, BMI, and affected side. Implant 
characteristics collected were: implants’ model and bearing surface. The 
surgical assessment included indication for revision surgery, clinical 
signs and symptoms, radiographic assessment of component stability 
and positioning, bone loss/osteolytic lesions, intraoperative findings, 
complications, and solutions adopted. 

The radiologic evaluation was made through the systematic assess-
ment of preoperative anteroposterior radiographs of the pelvis and frog- 
leg view; cross-sectional imaging (MRI and CT scan) were used to assess 
major osteolytic areas and soft tissue lesions to discriminate solid, cystic 
(Fig. 1) and multicystic pseudotumors; ultrasounds were mainly used to 
evaluate superficial inguinal and peritrochanteric region and deep 
intrapelvic lesions, but also to perform ultrasound-guided drainage from 
pelvic pseudotumors. Preoperative C-reactive protein (CRP) and white 
blood cell count (WBC) were used as a routine screening tool for 
infection in all patients. For postoperative assessment, anteroposterior 
pelvic radiographs were also digitally recorded. A widespread spread-
sheet software (Microsoft Excel for Windows) was used to analyze im-
ages and measure leg length discrepancy and vertical and lateral offset 
from the hip joint center (HJC). The physiological HJC was determined 
in the geometrical center of the opposite unaffected hip; in patients with 
a bilateral pathological deviation of the rotational center (both hips 
affected or bilateral THA), the hip center was determined following 
Fessy’s method.3 Component loosening and location of bone resorption 
and osteolysis were radiographically evaluated according to DeLee and 
Charnley4 for acetabular side and Gruen et al.5 for the femoral side. The 
acetabulum and femur abnormalities were described intraoperatively in 
accordance, respectively, with Paprosky6 et al. and D’antonio7 et al. 
classifications. Regarding surgical management, the type of revision 
prosthesis, the implants’ additional fixation (screws, augments) and 
osteosynthesis systems (plates, cerclages), the use of bone substitutes or 
grafts, the duration of the surgery, the surgical procedure associated (e.g. 
pelvic drainage) and the intraoperative complications were recorded 
and evaluated. 

All acetabular screws were fixed in safe areas in accord with 
Wasielewski’s acetabular-quadrant system theory.8 

An ad hoc electronic form was used to collect demographic, epide-
miological, and clinical variables. Qualitative variables were described 

with absolute and relative (percentage) frequencies, whereas quantita-
tive variables were summarized with means and standard deviations 
(SD). 

3. Results 

Patients and first implants characteristics are summarized in Tables 1 
and 2. 

In all the selected cases, uncemented prosthetic components were 
used during primary total hip replacement. In 12 cases the coupling was 
MoM, in 3 cases MoP, in 1 of which the constrained tripolar cup pre-
sented a CoP inner coupling and a MoP outer coupling. In MoP implants, 
wear of polyethylene generated direct contact between metal compo-
nents leading to a rapid worsening of the clinical symptoms related to 
the formation of large pseudotumors (in two cases with intrapelvic 
localization and in one with periarticular localization). 

All patients complained of groin pain and coxalgia but in two cases 
remote signs predominated due to systemic cobalt intoxication, and 
mass effect producing constipation caused by an ALVAL with a large 
retroperitoneal cystic collection. In 15 out of 15 cases (100%) an ARMD 
was found with a pleomorphic pseudotumoral manifestation. Intra-
operative cultures were negative for infection in all cases. At the time of 
revision surgery, 5 acetabular cups (including the 3 MoP implants) and 5 
stems (2 MoP implants) were loosened; in all these cases severe peri-
prosthetic osteolysis was evident. In one case, the periprosthetic 
osteolysis caused a spontaneous fracture of the greater trochanter and 
stem loosening. Bone loss locations in different Gruen regions and 
DeLee-Charnley areas, as well as D’Antonio’s grading and Paprosky’s 
classification, are shown in Tables 3 and 4. 

3.1. Femoral stem revision 

Femoral abnormalities and surgical management of stem revision are 
summarized in Tab 3. 

In 14/15 femurs (93,3%) an obvious proximal femoral area of bone 
resorption was found. One patient (early cup and prosthetic head revi-
sion) showed a minimal loss of bone density (compatible with stress 
shielding) in Gruen zones 1 and 7 (tab 3 case 1). In all cases, granulo-
matous tissue related to the ARMD filled the osteolytic areas. In three 
patients with minimal loss of bone density and no cavitary defects on the 
femoral side, a stable stem with taper not visibly damaged was not 
replaced and a partial revision was performed, changing only the ce-
phalic component in 1 case (by switching to dual mobility), and 
replacing head and cup in two cases (and switch to a MoP coupling). In 
12/15 cases the stem was revisioned. In 5 cases the stems were loosened 
(2 of these were osteointegrated at the very distal end, with the tip fixed 
in a strong pedestal). 

In all stem revisions except one, a long (190–240 mm) cementless 
tapered fluted stem (2 modular and 8 monoblock Redapt, Smith and 
Nephew; 1 modular Restoration Stryker) was used to bypass the prox-
imal osteolytic area (Fig. 2). In one case a single wedge stem commonly 
used in primary surgery was implanted (Accolade Stryker). In all cases, 
an excellent meta-diaphyseal or diaphyseal stability was obtained. The 
proximal bone defects, in the presence of an evident metaphyseal- 
diaphyseal mismatch, were filled with biomimetic bone substitutes 
(Mg-doped hydroxyapatite in granules or in paste, SINTlife, Fincera-
mica). In this series, all bone substitutes used in the femoral side had a 

Fig. 1. Intrapelvic fluid collection displacing iliac vessels.  

Table 1 
Patients’ characteristics.  

Male, n (%) 6 (40) 

Mean (SD) age (years) 71.8 (7.5) 
Mean (SD) BMI (Kg/m2) 26.6 (4.6) 
Side, n (%) Right 11 (73.3) 

Left 4 (26.7)  
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filling function without providing any mechanical support. 

3.2. Acetabular CUP revision 

Table 4 reports periacetabular bone loss assessment and surgical 
management of acetabular components. Patients are grouped according 
to bone loss as in Paprosky’s classification. Among the 6 Paprosky’s 
grade I patients, four stable cups with a mirror-polished internal surface 
were not replaced and a mixed THA was assembled with an off-label 
cup-dual mobility head (MDM/ADM, Stryker) coupling (in 3 cases in 
association with the femoral stem revision). A hemispherical cup (HC) 
fixed with screws (2–5) was implanted in all revisions of the acetabular 
component. As reported in Tab 4 one HC had iliac winglets and a caudal 
hook. All screws (except one fixed in the superior pubic ramus (Fig. 3)) 
were fixed in posterior quadrants. 

Synthetic bone grafts were used in all revisions of the acetabular 
component for Paprosky grade II bone defects (except in one case graded 
IIa, in which no graft was used). Structured bone grafts were used to 
augment acetabular defects in patients with a grade IIIa bone loss. 

3.3. ARMD management 

Macroscopic anatomy findings revealed unequivocal aspects of 
metallosis in all cases. 

In 2/15 cases a friable collection mainly circumscribed inside the 
femur and minimally extended in the intra-articular space was found, 
not associated with an organized periarticular mass (Table 5). In 13 
cases pseudotumors in different locations were observed: mainly intra-
pelvic localization in 3 cases, prevalent periarticular localization in 7 
cases, and with both extensive intrapelvic and periarticular diffusion in 
3 cases. 

In most cases the liquid collections were drained through the surgical 
approach used for the prosthetic revision; in some cases, intrapelvic 
fluid collection spontaneously drained through bone defects after or 
during cup removal; in two cases, with a spreading lesion along the 
psoas sheath, additional ilioinguinal access was performed for drainage 
and curettage of large retroperitoneal pseudotumors adherent to the 
iliac vessels. Histological examination revealed a cellular infiltrate of 
macrophages and giant cells (foreign body granulomas-like) with 
several fibroblastic reactive zones in a context of altered connective 
tissues. The most frequent findings were: foam-like cytoplasmic histio-
cyte accumulations, widespread black pigmentation (hemosiderin-like), 
metal particles and extracellular metal deposits, intracytoplasmic debris 
in multinuclear giant cells. Less frequently a lymphocytic dominated 
reaction (ALVAL) depicted an immune-mediated type IV delayed hy-
persensitivity reaction. Fibrosis-surrounded necrotic tissue with lym-
phohistiocytic infiltrate and hemosiderin-like pigments deposits and 
small perivascular lymphocyte infiltrate was also found. In MoP THA 
revision, areas characterized by the infiltration of both metal and 
polyethylene have been described, with foamy histiocytes containing 
metallic debris and giant polynucleated cells containing threadlike 
particles, refractive under polarized light. In all cases, an accurate 
debridement of the peritrochanteric reactive and necrotic tissue was 
performed, as well as surgical removal of fibrosis and muscle-fascial scar 
adhesions (see Fig. 5 and 6). 

3.4. Intraoperative complications 

In one patient with proximal stenosis (due to an old fracture) and a 
slight angular deformity of the femur, an extended trochanteric osteot-
omy (ETO) was made to remove a well-fixed stem. Fixation of ETO was 
achieved with a cable-plate (Accord, Smith and Nephew 200 mm + 5 
cerclage) and a long cementless modular tapered fluted stem (Redapt 16 
× 240mm, high offset neck) was implanted (Fig. 7). 

An intraoperative intertrochanteric pathological fracture (associated 
with a cavitary or segmental-cavitary combined defect in the 

Table 2 
Primary THA indications and implant features; AVN avascular necrosis.  

THA indication, n (%) Coxarthrosis 11 (73.3) 
Post-traumatic 
coxarthrosis 

2 (13.3) 

Hip dysplasias 1 (6.7) 
AVN of femoral head 1 (6.7) 

Bearing surfaces, n (%) MoM 12 (80) 
MoP 3 (20) 

Mean (range) implant survivorship 
(years) 

MoM 6.9 (2–10) 
MoP 18.3 

(14–22) 
Tot. 9.2 (2–22)  

Table 3 
Surgical management of femoral stem revision: cases (C) in alphabetical order. 
Femoral osteolysis refers to the radiographical assessment of femoral remodel-
ling/osteolysis in Gruen zones, in brackets when bone loss is minimal. Fem Grad 
refers to femoral grading in accordance with the D’Antonio grading system. 
Stem revision cementless and monoblock unless otherwise stated, NO stem was 
not replaced, TFS long tapered fluted stem, SWS single wedge stem, M modular; 
revision stem length expressed in mm in brackets; bone filler * Mg-HA magne-
sium doped hydroxyapatite in granules or in paste. ETO extended trochanteric 
osteotomy.  

C Femoral 
osteolysis 

Fem 
Grad 

Stem 
Stability +
(taper 
corrosion) 

Stem 
revision 
Length 
(mm) 

Notes 

1 (1),(7) I Well-fixed+
(no) 

NO Proximal stress 
shielding 

2 1,(6),7 II Loosened+
(yes) 

TFS, 
(240) * 

Intraoperative femoral 
cortex perforation 

3 1,2,6,7 II Loosened+
(yes) 

TFS, 
(240) * 

Intraoperative 
intertrochanteric 
fracture fixed with 
Ethibond and distal 
cortex perforation 

4 1,(7) II Loosened+
(yes) 

TFS, 
(240)  

5 1,7 I Well-fixed+
(yes) 

TFS, 
(190) 

Intraoperative isolated 
trochanteric fracture 
fixed with Ethibond; 
prophylactic femoral 
cerclage 

6 1,(2),(6),7 II Loosened+
(yes) 

TFS,M, 
(240) 

Preoperative 
spontaneous greater 
trochanter fracture 

7 1,(7) I Well-fixed+
(yes) 

TFS, 
(190)  

8 1,7 I Well-fixed+
(no) 

NO Proximal stress 
shielding 

9 1 I Well-fixed+
(no) 

NO  

10 1,2,(3), 
(5),6,7 

II Loosened+
(yes) 

TFS, 
(240) * 

Femoral ectasia and 
strong pedestal 

11 1 I Well-fixed+
(yes) 

TFS,M 
(235) 

Pedestal 

12 1,2,(6),7 II Well-fixed+
(yes) 

TFS, 
(240) 

Intraoperative 
intertrochanteric 
fracture fixed with 
Ethibond 

13 1,2,(6),7 II Well-fixed+
(yes) 

TFS, 
(190) 

Intraoperative 
intertrochanteric 
fracture fixed with 
Ethibond 

14 1,2,(6),7 II Well-fixed+
(yes) 

TFS,M, 
(240) 

Femoral proximal 
stenosis and slight 
angular deformity, ETO 
+ cable plate 

15 1,(7) I Well-fixed+
(yes) 

SWS, 
(120)   
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metaphyseal region) occurred during removal of the femoral stem in 3 
cases (cases 3, 12, 13) and an isolated fracture of the greater trochanter 
occurred during femoral reaming in one more case. In all cases, after the 
implantation of the femoral stem, the fragments were reduced and fixed 
with a non-absorbable, braided Polyester Suture (Ethibond). When it 
was necessary to pass the sutures, holes were made with a K-wire on the 
fragments and the intact femur. The number of sutures varied according 
to the size and instability of the fracture fragments. In a single case of an 

iatrogenic trochanteric fracture produced during the reaming of the 
femur, before the stem implantation, a prophylactic cerclage was made 
to prevent crack propagation. 

An intraoperative iatrogenic perforation of the femoral cortex 
occurred in 2 cases (during the removal of the stem in one case, and 
during the reaming through the bone pedestal in the second case); in 
both cases, no additional surgical solutions were used, as the long 
cementless stem bypassed the cortical defect. 

Table 4 
Surgical management of acetabular cup revision: cases (C) categorized accordingly with Paprosky classification. Bone loss: intraoperative assessment according to the 
Paprosky system. Gruen: radiographical assessment of periacetabular osteolysis according with Gruen zones, * retroacetabular stress-shielding. Cup stability and 
integrity: bearing surface damaged and MoM coupling unless otherwise stated, intact: mirror-polished bearing surface. Cup replacement: HC hemispherical cup, the 
difference in cup diameter (in millimeters) before and after revision; the number of screws is provided between brackets, screws are fixed in posterior quadrants unless 
otherwise stated, AI screw in the anterior-inferior quadrant. Bone substitutes: Mg-HA Magnesium doped hydroxyapatite, Coll-(Mg-HA) collagen-Mg-HA composite 
scaffold; struct structured, autolog autologous, homolog homologous. Notes: COR center of rotation. OL off-label.  

Bone 
loss 

C Gruen Cup stability and 
integrity 

Cup replacement (screws) Bone substitutes Notes 

1 5 none stable intact / / OL: Primary cup + DMA 
6 * stable intact / / OL: Primary cup + DMA 
7 * stable HC +6 (2) / Remarkable cup lateralisation before revision. 
8 * stable intact / / OL: Primary cup + DMA 
11 none stable HC+2 (3) / / 
14 none stable intact / / OL: Primary cup + DMA 

2a 1 1,3 stable HC +4(2) / Remarkable cup migration directed superiorly with 
intact superior acetabular rim 

2 1,3 loosened MoP HC -2 (5) Coll-(Mg-HA) Revision with undersized cup and COR elevation 
2c 4 1*,2,3 stable HC +0(3 + 1 AI) Mg-HA granules, Coll-(Mg-HA) / 

9 2,3 loosened HC +4 (3) / Coxa profunda 
10 2,3 stable HC +2 (2) Mg-HA granules, Coll-(Mg-HA) / 
12 1,2 loosened MoP HC -10 (2) Mg-HA granules, Coll-(Mg-HA) Undersized cup with elevated COR was implanted ( 

Fig. 4) 
3a 3 1,2,3 loosened MoP HC +0 (5) struct autolog bone graft, Mg-HA 

granules 
/ 

13 1,2,3 loosened HC +4 (3) struct autolog bone graft, Mg-HA 
granules, Coll-(Mg-HA) 

Early failure of the structured graft. 

15 1,2,3 stable HC +6, 3 iliac winglets and 
caudal hook (4) 

struct and morcelized homolog bone 
graft 

Hip dysplasia; intraoperative fracture of posterior 
column  

Fig. 2. Cementless tapered fluted stems monoblock (a) and modular (b, c) were used to bypass the proximal osteolytic area; bone substitutes used in the femoral side 
did not provide any mechanical support. 
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A fracture of the posterior column of the acetabulum occurred during 
cup removal in 1 case (case 15: woman, 72 years old, Paprosky’s grade 
IIIa, hip dysplasia); a hemispherical cup with 3 iliac winglets and caudal 
hook (Delta Revision TT cup, Lima) fixed with 4 screws in poster-
osuperior quadrant (3 extra-acetabular and 1 intra-acetabular iliac 
screws), was implanted after bone defects augmentation with homolo-
gous morselized and structured bone grafting. 

In this series, although some acetabular screws crossed the far bone 
cortex, any neurovascular lesion was reported. 

3.5. Outcomes 

Radiographic and clinical assessment are summarized in Table 6. 

Following revision surgery, there were no cases of re-revision, recur-
rence of metallosis or ARMD related symptoms at the last follow-up 
(mean follow-up 3 years, range 1–9 years). All peri- and the intra- 
operative trochanteric fractures healed. The radiographic assessment 
showed in all cases a good bone graft incorporation but in two cases the 
bone substitutes partially invaded the intrapelvic pseudotumoral cystic 
cavity without further diffusion or complications. Two patients with 
massive bone deficit (Paprosky IIIa) and severe soft tissue degeneration 
reported major complications: one acute onset of nerve palsy, involving 
the peroneal division of the sciatic nerve, resulted in a permanent deficit 
(foot drop) on the treated limb; one early failure (within the first post-
operative month) of the structured graft. The comparison of the radio-
graphic control before and after weight-bearing showed a rotation of the 
acetabular cup around the sagittal axis with a cup inclination increase of 
about 16◦ (from 39◦ to 23◦) (Fig. 8). In the latter case, after non- 
operative treatment and protected weight-bearing for 8 weeks, the 
acetabular inclination did not further change and the periacetabular 
bone appeared consolidated at the radiologic assessment at 6 and 12 
months; at 2 years’ follow-up the patient complained of moderate pain 
but serious functional limitations (partially due to severe comorbidities, 
inter alia severe vascular dementia), being able to walk only in the house 
using a walker. 

Last Harris hip score assessment showed: 3 poor (<70), 4 fair 
(70–79), 7 good (80–89) and 1 excellent result (90–100), with a mean 
(SD), score on HHS pain scale of 38.1 (5.3) (44 is the best possible pain 
score indicating no pain). 

4. Discussion 

In our revision series, we preferred the postero-lateral approach to 
the hip because of its familiarity and its extensile nature. 

On the femoral side a granulomatous tissue related to the ARMD 
filled the osteolytic areas typically involving the great trochanter and 
the Gruen zones 1-7-2-6, progressing in an apparently centrifugal di-
rection from the osteotomy site and the modular junctions. We hy-
pothesize that the osteolytic process induced by metallic debris and the 
stress shielding can constantly amplify each other. ARMD related 
osteolysis can cause an alteration of the mechanical environment and a 

Fig. 3. Hemispherical multihole cup fixed with 3 iliac and 1 pubic screws; a 
radiotransparent collagen-Mg-HA composite scaffold fills the gap and aims to 
facilitate the osteogenesis and osseointegration of the implant. 

Fig. 4. Undersized cup with a center of rotation (COR) 5 mm medial and 25 mm proximal to ideal COR to get the full acetabular coverage in a severe periacetabular 
osteolysis (Paprosky 2c). 
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worsening of stress shielding which is determined by strain distribution. 
Anyway, due to the extreme fragility of the proximal femur, the decision 
was to perform a careful curettage of the bone and, in most of the cases, 
to bypass the proximal osteolytic area looking for diaphyseal stability by 
revisioning the femoral component with a long revision stem. The aim of 
the femoral implant revision was to obtain an adequate primary stability 
with a stem that “fixes as proximal as possible and as distal as necessary” 
to say it like Paul Böhm and Oliver Bischel.9 Surgical purpose was to 
bypass femoral defects, manage the leg length, the soft tissue tension, 
the neck orientation and the offset. According to the literature, in one 
case with minimal loss of bone density (Gruen 1–7, case 15) a single 
wedge stem was implanted.10 In 11/12 stem revisions a cementless 
tapered fluted stem (3 modular e 8 monoblock) was used to bypass the 
osteolytic area11; we preferred monoblock stems for the theoretical, 
although controversial, advantage of reducing the risk of stem fracture 
and fretting corrosion associated with modular junctions12,13 According 
to Bianchi et Al. we performed an impaction grafting technique (with 
magnesium doped hydroxyapatite in granules or paste) to improve bone 
stock in proximal femoral osteolytic cavitations without seeking any 
further mechanical supporting functions.14 Extreme caution is always 

necessary during the surgical dislocation of the replaced hip, the 
removal of the pseudotumoral mass and soft tissues, the removal of the 
stem and the preparation of the femoral canal because the creation of 
torque and high peak forces in a weak femur can cause an iatrogenic 
fracture. The bony pedestal drilling requires particular attention not to 
cause cortical perforations and is most safely performed with intra-
operative fluoroscopy. The extended trochanteric osteotomy (ETO) is a 
safe and useful procedure for removing a fixed stem. The ETO does not 
appear to affect the outcomes of a tapered fluted distal fixation stem 
regardless of whether the osteotomy consolidates or not.15 

In four patients of our series the acetabular cup was stable and with a 
mirror-polished internal surface, and in agreement with the literature a 
mixed THA was assembled with an off-label cup-dual mobility head 
(MDM/ADM, Stryker). Some Authors did not observe any significant 
difference between THAs treated with head and liner exchange, and 
those with the whole cup revised. Therefore, the head and liner revision 
may be still considered a viable option in a well fixed and positioned 
cup.16–19 

Various classifications based on acetabular bone loss can be used to 
help to choose the best management for cup revision. We used the 
Paprosky classification to plan the treatment, and focused on mini-
mizing iatrogenic bone loss during implant removal and maximizing 
implant contact with host bone.20,21 

In 11 cases (Table 4) a hemispherical cup fixed with screws was used. 
According to the literature, the main goal was to ensure good equatorial 
support and to fill bone defects.22 In Paprosky type 1 a press fit hemi-
spherical cup fixed with 2–3 postero-superior screws was used. In 
Paprosky type 2 A, 2B a coated revision cup fixed with screws was used. 
In these cases medium sized chip bone grafts were impacted into cavi-
tary defects. Holton et al. reported in their study23 that 10 mm3 size of 
bone chips provide better initial mechanical stability compared to 
smaller or larger bone chips. In Paprosky type 3 (case 13), we used 
structural graft (tricortical autologous graft from iliac tuberosity), a 
collagen Mg HA scaffold and Mg HA granules to fill the massive defect 
and a hemispherical cup was implanted. In this case an early failure of 
structural graft happened with an increase of acetabular inclination. The 
comparison of the radiographic control before and after weight bearing 
showed a rotation of the acetabular cup around the sagittal axis with a 
cup inclination increase of about 16◦ (from 39◦ to 23◦). We attributed 
the failure to the poor bone quality, to the weak distal grip and to the 
configuration of screw placement. An oversized component was not an 
option due to the poor bone quality, and the 3 screws were all located 
close to each other in the superior central region of the cup and in the 
same near-sagittal plane. Such configuration of the screws placement 
only reduces micromotions locally without improving cup fixation in the 
rim edge far from the screws as proven by Hsu et al.24 A more wide-
spread distribution of screws, while respecting safe areas, could be a 
more functional solution in such a scenario. In case 15 surgeons deal 
with a severe acetabular bone loss (Paprosky type 3a) (case 15) and an 
intraoperative fracture of the posterior column of the acetabulum; a 
good stability of the revision cup was obtained using a hemispherical 
cup with iliac winglets and a caudal hook, fixed with 6 screws to the 
supra-acetabular iliac bone. In this case a structural and morcelized 
homologous bone graft was used to restore the bone continuity. From 
literature analysis and clinical experience, considering not only the bone 
defects but also the poor quality of residual bone due to metallosis 
(comparable in many ways to a local metabolic bone disease), a viable 
option when dealing with a Paprosky type 3 defect, could be to prepare 
the acetabular bed with solid impaction of morcellized bone chips and 
autologous bone,22,25 to implant a oversized multihole revision cup, and 
to ensure a good primary stability to the construct with multiple screws 
in different quadrants and different directions. 

Despite the extensive literature about metallosis, the patient’s 
management is still controversial and challenging, especially regarding 
the pseudo tumoral mass removal technical aspects. The surgical indi-
cation is strongly given only in symptomatic patients with the presence 

Table 5 
Surgical management of the pseudotumor: cases (C) listed by location of the 
ARMD. Site: A periarticular, B intrapelvic retroperitoneal, C mainly circum-
scribed inside the femur. An accurate debridement of the reactive and necrotic 
tissue, associated with fluid drainage when a cystic cavity was present, was 
performed in all cases.  

ARMD 
site 

C ARMD 
type 

Perioperative and intraoperative notes 

A 1 Solid +
Cystic  

A 2 Solid  
A 5 Solid +

Cystic  
A 6 Solid +

Cystic 
Aggressive granulomatosis, spontaneous greater 
trochanter fracture associated with apparent acute 
loosening of the stem (asymptomatic patient before 
fracture) 

A 7 Solid +
Cystic  

A 9 Cystic Ultrasound guided percutaneous drainage from a 
relapsing aseptic fluid collection (3 months before 
revision surgery); widespread fibrosis and muscle- 
fascial scar adhesion. 

A 14 Solid +
Cystic  

A + B 3 Solid +
Cystic 

Retroperitoneal intrapelvic fluid collection 
spontaneously drained from acetabular bone 
defects 

A + B 11 Solid +
Cystic 

Retroperitoneal intrapelvic fluid collection 
spontaneously drained from acetabular bone 
defects 

A + B 15 Solid +
Cystic 

Severe degeneration and necrosis of abductors 
tendons; ilioinguinal approach to manage large 
retroperitoneal intrapelvic semi-cystic 
pseudotumor adherent to the left iliac vessels. 

B 8 Solid +
Cystic 

Misleading clinical manifestations of abdominal 
pain; diagnostic ultrasound guided percutaneous 
drainage from an intrapelvic semi-cystic 
pseudotumor (ALVAL); ilioinguinal approach to 
manage the semi-cystic pseudotumor at time of 
partial THA revision. 

B 12 Cystic Retroperitoneal intrapelvic fluid collection 
spontaneously drained from acetabular bone 
defects 

B 13 Solid +
Cystic 

Repeated ultrasound guided percutaneous drainage 
from an intrapelvic relapsing aseptic fluid 
collection before THA revision (being the 
correlation with ARMD unrecognized initially); 
ilioinguinal approach to manage the semi-cystic 
pseudotumor at time of THA revision. 

C 4 (Solid)  
C 10 (Solid)   
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of fluid or a mass on advanced imaging with or without elevated serum 
cobalt and chromium. In other cases, there is not a clear set 
management.26,27 

Revision THA for MoM arthroplasty varies widely in complexity 
given the heterogeneous nature of ARMD.28 Surgical goals include 

excision of the soft tissues involved in metallosis and implantation of 
well-positioned components to optimise stability and reduce 
re-revisions but shared and univocal indications on the treatment of the 
pseudotumor, especially with a pelvic localization, do not exist. 

The complete excision of the pseudotumoral lesion would 

Fig. 5. Local aspects of metallosis: brownish fluid collection and dark-grayish granulomatous tissue.  

Fig. 6. Local aspects of metallosis: brownish fluid collection and dark-grayish granulomatous tissue.  
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theoretically reduce the infectious complication risk, since there is evi-
dence of statistically higher risk of periprosthetic hip infection in MoM 
implants, with the pseudotumoral lesion probably acting as a culture 
medium for microorganisms in the development of infection.29 On the 
other hand, radical excision of the lesion may cause additional damage, 
depending on the location, the extent of tissue destruction, and the 
surgical gestures necessary for the purpose, with possible abductor 
insufficiency, iatrogenic femoral and acetabular fractures, nerve damage 
and bleeding to keep in mind. Especially in the case of invasion of less 
familiar anatomical areas (such as for the removal of an intrapelvic 
pseudotumor), a reasonable approach may include the assistance of a 
general or vascular surgeon and consider the possibility of a staged 
procedure. In our series, although complete removal of the pelvic tumor 
was not always performed (and often the collection was spontaneously 
drained through the acetabulum) no cases of infection or recurrence of 
symptoms in the follow-up period were reported. 

The ilioinguinal approach may be necessary in the case of symp-
tomatic neurovascular or ureteral compression caused by the mass effect 

of a solid pseudotumor, or as more frequently observed, a cystic one 
with fluid content, recurrent despite percutaneous drainage and not 
drained during the prosthetic revision. 

According to the literature we have collected for every case a series 

Fig. 7. Proximal stenosis and slight angular deformity of the femur (a), cable-plate and long cementless modular tapered fluted stem (b).  

Table 6 
Radiographic and clinical assessment at mean 3 years follow-up: cup vertical 
and lateral offset report the distance of the prosthetic center of rotation from the 
physiological hip joint center, HHS Harris Hip Score.  

Mean (SD) cup 
abduction 
angle 

Mean (SD) 
cup vertical 
offset (mm) 

Mean (SD) 
cup lateral 
offset (mm) 

Mean (SD) leg 
length 
discrepancy (mm) 

Mean 
(SD) 
HHS 

47.1◦ (6.2) 6.8 (9.3) − 1.8 (4.1) 1.0 (14.9) 75.9 
(13.2)  

Fig. 8. Rotation of the acetabular cup with a cup inclination increase of about 
16◦; after non-operative treatment and protected weight-bearing for 8 weeks, 
the acetabular inclination did not further change and the periacetabular bone 
appeared consolidated at the radiologic assessment at 6 and 12 months. 
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of formal intraoperative photos, and we have taken and sent specimens 
for culture and histology.30,31 In our series the appearance of macro-
scopic intra-operative and laboratory microscopic findings in their 
variability and pleomorphism corresponds with the literature 
descriptions.32–35 

The location of a fluid collection, considered the most common 
subtype of pseudotumor, can depend on the surgical approach because 
the reactive fluid often dissects preferentially through the surgical 
tract.36 All patients of this series underwent THA through the postero-
lateral approach, and in this way, the capsular defect is posterior, and 
the reactive fluid can leak posteriorly to the great trochanter and 
accumulate all over. In our series the fluid collection was extended in 
periarticular spaces in 7 cases, mainly into the pelvis in 3 cases and in 
both spaces in other 3 cases. Ultrasounds were used to evaluate super-
ficial inguinal and peritrochanteric regions and deep intrapelvic lesions. 
This technique is inexpensive, and generally quickly available, but it is 
operator-dependent and images can be less simple to interpret for a 
non-radiologist. In 3 cases echography was used to perform guided 
percutaneous drainage from a relapsing aseptic fluid collection before 
revision surgery. In 3 cases (8, 13 and 15) we found a pseudo tumoral 
mass large enough to compress and stretch the surrounding soft tissues, 
causing a mass effect. Especially in case 13, the spreading of the lesion in 
the pelvic area along the psoas causes neuro-vascular compression. In 
case 15 we found a large retroperitoneal intrapelvic semi-cystic pseu-
dotumor adherent to the left iliac vessels; Algarni et al. reported a 
similar case of an iliopsoas bursal cystic lesion generating a venous 
obstruction and a unilateral lower limb swelling 5 years after a MoM 
total hip arthroplasty, and same surgical treatment: drainage of the cyst 
and THA revision.37 

In literature intra or postoperative complication rates between 8% 
and 38% have been reported for revisions of MoM THAs.38–42 The most 
common intraoperative complications in the revision of MoM THAs 
were femoral fracture at the calcar region (3.5%), greater trochanter 
fracture (0.8%), sciatic nerve damage (0.6%) and acetabulum fracture 
(0.3%).43,44 

Intraoperative periprosthetic femoral fractures (PFF) have received 
greater attention in the literature than acetabular fractures, possibly 
because it is more difficult to identify intraoperative acetabular fractures 
at the time of the surgery. Many studies collected and compared in 2019 
Thaler’s review have shown that the incidence of intraoperative PFF 
ranges between 1% in primary total hip arthroplasties to 7.8% in revi-
sion total hip arthroplasties procedures.45 

According to the literature, in our series, in 3 cases an intraoperative 
intertrochanteric pathological fracture occurred during removal of the 
femoral stem. In 2 cases an intraoperative iatrogenic perforation of the 
femoral cortex occurred during the removal of the stem and the reaming. 
In one more case, an isolated fracture of the greater trochanter occurred 
during femoral reaming. Accidental cortical perforation is most likely to 
occur during channel preparation and drilling, so fractures during bone 
preparation can be due to torque generated by power reamers and 
forceful femoral preparation.46,47 Mainly in all of these cases, the frac-
tures were associated with a cavitary or segmental-cavitary combined 
defect in the metaphyseal region. It’s proven that patients with 
ARMD-like osteolysis at the greater trochanter or stem loosening are at 
the greatest risk of developing intraoperative and postoperative 
PFF.48,49 

The surgery for PFF with the revision of the femoral component can 
be very demanding technically50 and is associated with a high rate of 
complications (18%) and reoperations (23%).45 In our series, neither of 
all femoral synthesis has failed in the follow-up period and no PFF has 
been missed. 

An intraoperative acetabular fracture of the posterior wall occurred 
in case 15, classified by Callaghan51 and by Della Valle as a type I-A.52 In 
line with the literature45 we used a revision cup with 3 iliac winglets and 
a caudal hook fixed with 4 screws in the posterosuperior quadrant (3 
extra-acetabular and 1 intra-acetabular iliac screws), which was 

implanted after bone defects augmentation with homologous morselized 
and structured bone grafting. Thaler shows that a not identified 
acetabular fracture during total hip arthroplasty leads to a higher rate of 
early loosening. Identification of those fractures and adequate treatment 
is essential for the long-term survival of the prosthesis. 

In this series, we did not observe neurovascular lesions due to the 
acetabular screws crossing the far bone cortex; we believe it is essential 
to be aware of and respect the safe areas for the trans acetabular 
placement of the screws described by Wasielewski8 to reduce the risk of 
such complications. 

In our case series no infections were detected both in the pre-
operatory and in the intraoperative time. 

Although generally speaking the good result of a surgical interven-
tion cannot be evaluated only with the survival of the implant, in the 
complex prosthetic revision surgery the complication rate and the 
implant survival are the main outcomes reported in the literature.53 

Initial outcomes following revision THA for ARMD in general liter-
ature were poor, with reported major complication rates of 38% 
including instability, deep infection, recurrence of ARMD, neuro-
vascular injury, component loosening, and reoperation.38,54 Early 
studies reported catastrophic short-term outcomes following ARMD 
revision, with one-third of patients requiring re-operations.38,55,56 

Differently, De Smet in 2011 has observed better outcomes with 
increased surgical experience,57 and Matharu reported a five-year 
implant rate of survival of 87.9% following ARMD revision.58 Nowa-
days Lainiala reported 7-year implant survivorship of 94% after revision 
of stemmed THAs and 91% after revision of hip resurfacings59. This is in 
line with our result: following revision surgery, there was no case of 
re-revision and there was no recurrence of metallosis or ARMD related 
symptoms at last follow-up (mean follow-up 3 years, range 1–7 years). 

Many authors have described dislocation as a common issue after a 
revision of MoM hip replacement,38,39,41,42,55,57 a larger head size has 
been suggested to decrease the risk for poor outcome.58,59 In our series 
despite an average increase of 3.7 mm in cup diameter, we have often 
switched to a head with a smaller diameter than the previous MoM head 
(except when it was revised with a dual-mobility head) and we have 
observed one isolated case of dislocation (case 15) in a suboptimal 
anteversion of the acetabular cup associated with Paprosky type 3 
acetabular defects, intraoperative fracture of the posterior column and 
hip dysplasia as the cause of primary hip replacement. In the same pa-
tient, we also recorded an acute onset of nerve palsy resulting in a 
permanent deficit with drop foot gait treated with specific rehabilitation 
and orthosis (AFO) with satisfactory functional results.60 

Whyles and Stryker observed a higher-than-expected rate of infec-
tion after revision of MOM THAs.39,61 No post-revision infection was 
observed in our case series, probably because as the literature suggests, 
we have carefully removed necrotic tissue and metal debris. Incomplete 
elimination or multiple operations, and retention of primary MoM 
components are described as risk factors for infection.38,62 

Routine follow-up with plain radiography and measurement of metal 
ion levels is necessary following revision surgery for ARMD. Serum co-
balt and chromium ion levels typically decrease dramatically in the first 
3 months of post-revision surgery63 but due to the number of compli-
cations and early failures careful followup seems desirable.64 

Our study has many limitations related to the retrospective design, 
the lack of a control group, and the small number of the series limiting 
the scientific value while providing some suggestions for clinical prac-
tice through a careful analysis of case studies and literature. However, 
despite a vast and not always univocal scientific production regarding 
the etiopathogenesis and incidence of metallosis as a complication of hip 
prosthetic surgery, its local or systemic clinical manifestations, the 
recommendations regarding the frequency of check-ups and the timing 
and indications for the prosthetic revision (failure of the prosthesis, 
symptoms, serum levels of metal ions), little or nothing has been shared 
on the possible practical options in the management of these specific 
surgical challenges. Therefore, through the retrospective analysis of our 
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experience and the review of the literature, we tried to describe the 
troubles and the complications that can be encountered, and the, albeit 
questionable, solutions that can be adopted in this infrequent scenario, 
hoping this could be a starting point for a constructive dialogue with 
those who have more experience than us, and a food for thought for all 
those who will face this insidious and challenging surgery. 
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