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Summary

Introduction

Total hip replacement is one of the most successful surgical
procedures of the 20th century (World Health Organisation).
The success rate is dependent on the chosen endpoint.
Evaluation of the outcome in joint replacement surgery has
shifted from the revision rate toward patient satisfaction
and quality of life. Patient satisfaction is reported to be
up to 96% 16 years postoperatively, but the prevalence of
groin pain after conventional total hip replacement ranges
from 0.4% to 18.3% and activity-limiting thigh pain is still
an existing problem linked to the femoral component of uncemented hip replacement in up to 1.9% to 40.9% of cases
in some series.
The aim of our article is to review the aetiology, diagnostic
procedures and treatment of the painful primary total hip
replacement. We discuss the most relevant intrinsic and
extrinsic aetiological factors responsible for chronic pain
after total hip arthroplasty focusing on comparative studies
and randomised controlled trials including diagnostics and
management. Detailed analysis of history, clinical examination, imaging and laboratory tests are required prior to
any revision for painful total hip arthroplasty. Revision surgery without knowing the underlying pathology should be
avoided.

Total hip replacement (THR) is one of the most successful
surgical procedures in the 20th century. Mainly through
technological advances, the 10-year survival rate of THR
improved from 86% between 1979 and 1981 to 96%
between 2000 and 2002 (Swedish Hip Arthroplasty Register [SHAR] 2011). In some series a 100% survival rate
has been achieved [1].
However, the success rate is dependent on the chosen endpoint. Evaluation of the outcome has shifted from the revision rate toward patient satisfaction and quality of life
[2]. These data are more controversial and show a broader
range than survival rates. Patient satisfaction is reported to
be as high as 96% 16 years postoperatively [3] and only
0.948% of primary THRs were revised because of pain
without any other reason (SHAR 2011).
However, a nationwide survey in Denmark reported chronic ipsilateral pain in 28.1% of patients and 12.1% had moderate or severe limitations of daily activities [4]. Patient
time incidence rates per 1,000 years for pain were found
to be 1.37 and for aseptic loosening 1.44 as the cause of
revision (10th annual report of the National Joint Registry
[NJR] of England and Wales). That means that the revision
rate due to pain expressed as the number of revision operations per 1,000 patient years is the second highest after the
rate of revision due aseptic loosening.
Looking at pain as cause of revision in terms of incidence
per 1,000 patient years by type of bearing and fixation,
uncemented metal-on-metal has the highest incidence followed by uncemented ceramic-on-ceramic and uncemented
metal-on-polyethylene constructs. Cemented metal-onpolyethylene with a 28 mm head has the lowest pain incidence; however, this construct is mainly applied in the
elderly with lower levels of physical activity (9th annual
report NJR England 2012).
In the following review we address intrinsic and extrinsic
aetiologies. Intrinsic causes originate from the hip joint. All
other causes are extrinsic.
Intrinsic causes include aseptic loosening, prosthetic joint
infection, instability and impingement, thigh pain (micromotion, modulus mismatch, unnoticed periprosthetic fractures), iliopsoas impingement or hypersensitivity to metal
debris.
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CRP C-reactive protein
ESR erythrocyte sedimentation rate
GTPS greater trochanteric pain syndrome
HO heterotopic ossification
HPF high-power field
LLD leg-length discrepancy
MRI magnetic resonance imaging
NJR National Joint Registry
PCR polymerase chain-reaction
PJI prosthetic joint infection
PMC polymorphonuclear cells
SHAR Swedish Hip Arthroplasty Register
THR total hip replacement
WBC white blood cell
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Local extrinsic causes are those related to the hip region
such as trochanteric pain syndrome, heterotopic ossification and insufficiency fractures. Remote extrinsic causes
include spinal pathology, postsurgical pain syndrome and
causes unrelated to the musculoskeletal system radiating to
this area.
In our review we intend to give a comprehensive overview
of the recent literature of the last 5 years giving practical
information for interested general practitioners and specialists on all the orthopaedic aspects of painful total hip replacement.

Intrinsic causes
Aseptic loosening
Isolated acetabular revision (30%) is twice as common as
isolated revision of the stem (15%). Cup and stem revision
makes up approximately 45% of all revisions.
Acetabular loosening typically causes pain in the groin, although it also can lead to isolated buttock pain a little more
distally than referred pain from the lumbar spine. Femoral
stem loosening produces pain in the proximal region of the
thigh and occasionally in the groin [5].
No clear answer can be given to the question as to whether
cemented or uncemented implants perform best, because
the type of bearing and age of the patient plays a significant
role as well. However, the 10th annual report of the NJR
England 2013 reports slightly higher revision rates for uncemented THRs compared with cemented ones, depending
on the type of bearing. The least revision rate has been
found with hybrid THRs with ceramic heads and polyethylene liners, which we apply most frequently in our practice.
In this construct the acetabular cup is uncemented and the
stem is cemented.
To show the complexity of this topic we present results
from Scandinavian registers separately for acetabular and
femoral components.
Acetabular component
When aseptic loosening is the endpoint, uncemented cups
have a lower revision rate according to both the Swedish
and the Finnish arthroplasty registers, if the most frequently used brands and patients younger than 55 years are
considered [6, 7].
Stem
The most frequently used uncemented stems perform at
least as well as or better than cemented ones if aseptic
loosening is taken as an endpoint, especially in patients below 55 years of age. Again, this tendency is not supported
by the 10th annual report NJR England and Wales.
Pain and the type of bearing and method of fixation
Looking at pain as cause of revision in terms of incidence
per 1,000 patient years by bearing type and fixation uncemented metal-on-metal has the highest incidence followed by uncemented ceramic-on-ceramic and uncemented
metal-on-polyethylene constructs. Cemented metal-onpolyethylene with 28 mm head has the lowest incidence
(10th annual report NJR England 2012).
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When the type of bearing and fixation are considered, pain
is the third to fourth most frequent cause of revision for
ceramic-on-ceramic and metal-on-polyethylene bearings;
for metal-on-metal, it is the second after aseptic loosening.
Ceramic-on-polyethylene and metal-on-polyethylene bearings have the least incidence rate of revision due to pain per
1,000 patient years (10th annual report, NJR for England
and Wales). This is also supported by a randomised controlled trial comparing metal-on-metal, ceramic-on-polyethylene and metal-on-polyethylene bearings at the 7-year
follow-up. Rates of aseptic loosening were 3%, 0% and
0%, respectively [8].
Prosthetic joint infection (PJI)
One of the three most frequent causes of postoperative pain
after THR is prosthetic joint infection. The incidence of
prosthetic infection lies between 0.4% and 1% for THR
[9, 10]. Superficial infections are not difficult to diagnose,
but low grade infections may often be occult. Distinguishing aseptic from septic loosening is crucial; the preoperative diagnosis relies on anamnestic data, laboratory findings, imaging and aspiration.
One of the most important pieces of anamnestic information is the onset of pain, which occurs significantly earlier
in infections than in aseptic loosening (3 vs 9 years, respectively) and is found in 80% to 84% of patients [9, 11].
The index of suspicion has to be high if the patient had prolonged discharge postoperatively and if the patient has been
having pain since operation and reports pain at night. In a
number of cases modern antithrombotic drugs are responsible for prolonged oozing after THR, increasing the risk of
surgical site infection [12].
Elevated synovial fluid white blood cell (WBC) count cut
off 1.7×109/l) and elevated differential polymorphonuclear
cell (PMC) count in synovial fluid (≥65%) [13]. The C-reactive protein (CRP) level and erythrocyte sedimentation
rate (ESR) combined have a very high negative predictive
value, reliably excluding aseptic cases [11, 14]. Synovial
fluid tumour necrosis factor-α (TNF-α), interleukin-6 and
interleukin-1β are also significantly higher in infected
cases, but the positive predictive value of these markers is
low [11].
According to the 2011 guidelines of the Workgroup of the
Musculoskeletal Infection Society (MSIS), the diagnosis of
prosthetic joint infection is definitive when four of the following criteria are fulfilled: ESR ≥30 mm/h and CRP ≥10
mg/l, elevated synovial WBC count (≥2,000/μl), elevated
differential PMC count in synovial fluid (≥65%), pus in the
joint in question, one positive culture of tissue or fluid, and
more than five PMCs per high-power field on histological
examination [15]. However, the cut off value for the synovial fluid WBC count has been shown to be lower (cut off
1.6×109/l) [13, 16].
Polymerase chain-reaction (PCR) tests are an additional
useful tool in diagnosing prosthetic joint infection;
however, their value is still controversial. A recent metaanalysis showed 86% and 91% sensitivity and specificity,
respectively, that processing tissue samples instead of synovial fluid improved sensitivity, and that quantitative PCR
and sonication of prosthesis components improved specificity [17].
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A recent study including patients with systemic inflammatory disease and those already receiving antibiotic treatment has shown 100% sensitivity and specificity for the
diagnosis of PJI with the application of novel biomarkers.
Human α-defensin 1-3, neutrophil elastase 2, bactericidal/
permeability-increasing protein, neutrophil gelatinase-associated lipocalin, and lactoferrin, correctly predicted the
MSIS classification of all patients [96]. A further novel
approach is prerevision synovial biopsy, which proved to
be highly valuable for the diagnosis of PJI. The biopsy in
combination of the bacteriologic and histologic examinations showed a sensitivity of 82% (95% CI, ± 11%), specificity of 98% (95% CI, ± 4%) [97].
Retention with debridement or change of the prosthesis is
indicated, depending on the time of onset of symptoms
after the primary or last surgery and the stability of the
implant. The decision about one- or two-stage revisions is
also governed by the species and resistance profile of the
causative agent, and bone loss [9, 18–20].
Instability, impingement
Impingement is the cause of the majority of subluxations
and dislocations after THR, and in cases of recurrent dislocation prosthetic impingement could always be detected
[21]. Prosthetic impingement and instability not only limit
range of movement and activities of daily living, but also
increase the risk of cracking and thus third-body wear,
especially in hard bearing implants, and results in unexplained pain [22, 23].
Positioning of the components balances minimising instability and maximising range of motion. Technically
speaking the surgeon aims at minimal susceptibility to posterior or anterior prosthetic impingement. This can be
achieved by the optimal positioning of the components,
considering the combined anteversion of the acetabular and
femoral component. Simulation studies have shown that
anatomical anteversion and medial offset of the femoral
component and 45° inclination / 20° antversion of the acetabular component with less than 5 mm protrusion of the anterior or posterior lip of the component produce best results
in terms of stability and range of motion.
In clinical studies, significantly reduced rates of dislocation
with larger head sizes in cases with intact abductor muscles
were found [24]. Instead of absolute head size, significant
correlation was found between impingement and head to
neck ratio [21]. Notably, larger cup sizes (more than 56
mm) have an adjusted odds ratio of 2.4 (95% CI) for dislocation with the same head diameter [25]. It has to be
mentioned that in cases of metal-on-metal bearings, large
femoral heads induce groin pain significantly more frequently than small heads [26], possibly because of increased volumetric wear and hypersensitivity to metal
debris.
The treatment of recurrent dislocation is surgical and requires restoration of the femoral offset and optimal head
to neck ratio above 2. Revision of THR for instability is
challenging and has a high redislocation rate, especially if
only modular revision is done without correction of malpositioned implants. Redislocation rates in THRs revised
for instability with exchange of bone fixed components or
modular revisions were 18% and 39%, respectively [27,
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28]. Thus, it is advised to refer patients with recurrent dislocation to a specialist arthroplasty surgeon with experience in component revision.
Hypersensitivity and synovitis with metal-on-metal
components
The risk of revision with metal-on-metal bearings increases
with head size and is 2–3 times higher than for other bearing options. The highest revision rate, predicted for a
younger female patient with large head size (46 mm), is
9.1% at 7 years (9th annual report of the NJR of England
and Wales).
The main cause for revision for well-fixed metal-on-metal
bearing THRs is unexplained pain, well ahead of aseptic
loosening [29]. A special feature of this type of bearing is
pseudotumour formation within few years after implantation causing pain in patients with normal appearing postoperative X-rays [30]. Aseptic lymphocyte-associated vasculitic lesion (ALVAL) is the histological description of the
lesion. It is also referred to as adverse local tissue reaction
(ALTR).
Blood cobalt levels were found to be a sensitive and specific marker of abnormal wear in metal on metal bearings.
More than 4.5 µg/l is indicative of poor performance [31].
Early magnetic resonance imaging (MRI) is indicated in
patients presenting with unexplained pain after metal-onmetal hip arthroplasty to assess maximal synovial thickness
and synovial volume in order to identify pseudotumours
around the implants.
In these cases revision surgery with change of the components is indicated.
Iliopsoas impingement
Pain is typically exacerbated by getting in and out of bed
or a car. Ambulation and weight bearing do not aggravate
pain, but straight leg raise and resisted straight leg raise are
sensitive tests. Response to diagnostic infiltration strongly
suggests the diagnosis. Incidence of iliopsoas impingement
after primary THR is about 0.37% at a follow up of 20
months, which is the average time to the presentation of
clinical symptoms [32]. Iliopsoas impingement was the established diagnosis in 4.4% of painful THRs [33].
Insufficient anteversion of the cup resulting in prominence
above the anterior acetabular rim most frequently interferes
with the course of the iliopsoas tendon causing impingement and pain. Lengthening of the operative limb or excessive offset are also predisposing factors [34].
Conservative treatment is successful in 39% of the cases
[35] and operative treatment is advocated after a course of
physiotherapy and one or two image-guided diagnostic and
therapeutic infiltrations with corticosteroids [36]. Dora et
al. achieved a success rate of 82% with surgical treatment
with either tenotomy or revision of the acetabular component and tendon debridement. An alternative therapy option
is the endoscopic release of the iliopsoas tendon [37, 38].
Thigh pain
In spite of significant improvements in implant design and
the surface of uncemented stems, activity-limiting thigh
pain is still an existing problem linked to the femoral com-
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ponent of uncemented hip replacement. The incidence is
1.9% to 40.4% [39–41].
Possible causes for thigh pain after THR include excessive
micromotion, modulus mismatch between bone and prostheses, unnoticed intraoperative fractures and loosening of
the stem. Aseptic loosening is associated with excessive
micromotion.
Micromotion depends on implant design [42], surface
structure and roughness (Ra), as well as surgical technique.
Depending on the rate of micromotion, bony or fibrous ingrowth or loosening will result [43–45]. The mechanism of
bone apposition or ongrowth onto implant surfaces relies
on intramembranous ossification [46]. This process takes
approximately 4–12 weeks until the implant gains secondary stability [42]. The prerequisites for this are biocompatible implant material and surface, initial proximity of
implant and bone surface, stable fixation and sterile environment [47, 48]. It could be clearly shown that fibrous
ingrowth and stem subsidence correlates with thigh pain
[39, 49, 50]. In the revision setting thigh pain was seen in
7%, 16% and 75% of bony ingrown, stable fibrous fixated
and unstable uncemented extensively porous coated cobalt
chrome stems, respectively [51].
The rigidity mismatch between the stem and the femoral
diaphysis modulus mismatch is a well-documented cause
of thigh pain with uncemented stems [41, 52–54].
However, this is controversial in the literature and others
have found no correlation between thigh pain and stem diameter with these type of stems [55].
The dogma of extensively porous coated stems causing
thigh pain is also controversial, since proximally coated
cobalt-chrome stems were associated with more thigh pain
than extensively porous coated stems (19% and 42%, respectively) [40].
Another possible cause of postoperative thigh pain is an
occult intraoperative fracture. Up to 1 year postoperatively
the periprosthetic fracture rate of uncemented stems is significantly higher, which would imply that these patients are
more susceptible to periprosthetic fracture. However, the
risk ratio adjusted for age, sex and underlying diagnosis
contradicts this hypothesis. It seems to be more likely that
these fractures are caused inadvertently at the time of surgery and become apparent later [6].

a positive Trendelenburg's sign is compatible with tendon
tears of the gluteus medius [59]. Ultrasound and MRI can
differentiate gluteal tendinopathy and partial or full thickness tears from bursitis [60, 98].
Treatment involves stretching exercises of the iliotibial
band and ultrasound-guided infltration with corticosteroids
[57] and local anaesthetics. Response rate is slightly less
than in non-prosthetic trochanteric bursitis (80% vs 90.3%)
[61]. In a few recalcitrant cases open or arthroscopic bursectomy and Z-lengthening of the iliotibial band may be
indicated [62, 63]. In cases of tendon tear with relevant
functional impairment found at the time of primary THR or
postoperatively, repair has to be performed before fatty degeneration of the abductors [64, 65].
Notably, leg-length discrepancy (LLD) is an associated
factor of greater trochanteric pain [66].

Figure 1
Diagnostic algorithm for thigh pain after total hip replacement
(based on the American Academy of Orthopedic Surgeons Clinical
Practice Guideline) [ 94].
AP = anteroposterior; CRP = C-reactive protein; CT = computed
tomography; ESR = erythrocyte sedimentation rate; SPECT =
single photon emission computed tomography

Local extrinsic causes
Greater trochanteric pain syndrome (GTPS),
trochanteric bursitis, gluteal tendon tears
Lateral trochanteric pain was found to be associated with
the direct lateral versus the posterior approach in 4.9% and
1.2%, respectively [56]. It seems plausible that it is also associated with excessive offset of the prosthetic stem, but
studies could not verify this hypothesis [57].
Clinical diagnosis is established by use of the Ober test
or aggravation by active abduction against resistance and
direct palpation. Sensitivity and specificity for gluteal
tendinopathy and bursitis were 88% and 97.3%, respectively, with resisted external derotation in supine position
and were 100% and 97.3%, respectively, with single leg
stance for 30 seconds [58]. Weakness of abduction and
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Figure 2
Diagnostic algorithm for greater trochanteric pain after total hip
replacement [58, 95].
ITB = iliotibial band; MRI = magnetic resonance imaging; PT =
physiotherapy
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Heterotopic ossification
The incidence of severe (Brooker grade II to IV) heterotopic ossification (HO) limiting the range of motion after
major hip surgery has been reported to be about 9% [67].
The ossification in the periarticular musculature develops
during the first postoperative year. There is a trend towards
male patients with lower body mass index. Age is not an
independent factor [68].
The gold standard for prevention is 25 mg indomethacin
three times daily for 6 weeks. There is evidence that adding
radiotherapy (700 cGy) improves efficacy and thus length
of treatment can be reduced to 15 days [69]. Celecoxib, a
selective cyclo-oxygenase-2 (COX-2) inhibitor, at a dosage
of 200 mg twice daily for 28 days proved to be effective in
the prevention of HO after THR [68]. Aspirin 325 mg given twice daily for 6 weeks has been shown to effectively
prevent HO and thromboembolism [70]. The additional advantage of this treatment is the reduction of cardiovascular
morbidity [71–73].
Leg-length discrepancy
There is no universal definition of LLD after THR, yet
there is a consensus that less than 10 mm is acceptable.
It appears that lengthening causes more discomfort than
shortening [74]. More than 10 mm of lengthening after
THR significantly impairs outcome, resulting in a 27%
and 18% reduction of mean Oxford Hip Score at 3 and
12 months, respectively. The underlying cause is femoral
component malpositioning in 98% of cases [75]. It leads
to significant dissatisfaction, limping, lower back pain and
nerve palsy [76, 77].
Prevention should be emphasised in terms of preoperative
planning and intraoperative referencing to anatomical landmarks, positioning of the patient to allow intraoperative
checking of the contralateral leg and restoring femoral offset. Computer navigation is another possible method for
minimising LLD [78–80].
Treatment options are to be determined individually, depending on the extent of discrepancy and symptoms of the
patient. Operative correction is effective in half of the cases
and represents a last option [74].

longed ambulation draws attention to component loosening. Muscular weakness and atrophy, and diminished reflexes and sensibility are signs of spinal stenosis. Lumbar
stenosis with disc herniation L4–L5 is a documented cause
of groin pain [88]. L5 radicular compression can lead to
weakness of the gluteal muscles, mimicking Trendelenburg
positivity. Both of these features require a careful diagnostic approach when evaluating a painful THR.
Thus, coexisting osteoarthritis of the hip and spinal stenosis
is a challenging situation for the orthopaedic surgeon. Usually the hip should be treated first, in order to give a more
predictable relief for the patient. However, patients with
lumbar stenosis are at increased risk of peripheral nerve
injury and postoperative neurological deficit when THR
is performed. Thus, in such cases an asymtomatic lumbar
stenosis has to be considered. Decompression of the involved segments does improve symptoms in some cases
[89]. On the other hand THR improves low back pain and
spinal functional assessment indexes [90].
The above facts are important when counselling and obtaining consent from patients with spinal stenosis awaiting
THR.
Persistent postsurgical pain
Pain of any severity and severe to extreme persistent pain
was experienced 3 to 4 years postoperatively by 27% and
6% of patients, respectively. Major depression and the
number of other painful areas of the body were found to be
significant and independent determinants of chronic postoperative pain. Neuropathic type of pain was reported by
only 1% of these patients [91]. In contrast, the prevalence
of nerve injury-induced neuropathic pain was found to be
6% after THR in another study [92].
It is important to note that there is evidence that the intensity of early postoperative pain does have an effect on the
development of chronic pain after THR [4].

Insufficiency fractures
Insufficiency fractures after THR are relatively frequent
at the superior and inferior pubic ramus or the ischium
[81–83]. A rare finding is postoperative fracture of the medial acetabular wall. This occurs as a consequence of osteolysis and thus represents a separate entity, which eventually leads to pelvic discontinuity requiring osteosynthetic
stabilisation of the acetabulum [84–86].

Remote extrinsic causes
Figure 3

Spinal pathology
Differential diagnosis and management of spinal pathology
and osteoarthritis of the hip can be challenging [87].
Pain radiating below knee level from the lower back and
resolved by leaning forward is not characteristic for painful
THR. In contrast, a trimodal pain pattern with start-off
pain, reduction after a few steps and aggravation by pro-
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Diagnostic algorithm for groin pain after total hip replacement [93,
94].
AAOS = American Academy of Orthopedic Surgeons; AP =
anteroposterior; CRP = C-reactive protein; CT = computed
tomography; ESR = erythrocyte sedimentation rate; LLD = leglength discrepancy; MRI = magnetic resonance imaging; PT =
physiotherapy; SPECT = single photon positron emission computed
tomography
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Figures (large format)

Figure 1
Diagnostic algorithm for thigh pain after total hip replacement (based on the American Academy of Orthopedic Surgeons Clinical Practice
Guideline) [ 94].
AP = anteroposterior; CRP = C-reactive protein; CT = computed tomography; ESR = erythrocyte sedimentation rate; SPECT = single photon
emission computed tomography
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Figure 2
Diagnostic algorithm for greater trochanteric pain after total hip replacement [58, 95].
ITB = iliotibial band; MRI = magnetic resonance imaging; PT = physiotherapy
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Figure 3
Diagnostic algorithm for groin pain after total hip replacement [93, 94].
AAOS = American Academy of Orthopedic Surgeons; AP = anteroposterior; CRP = C-reactive protein; CT = computed tomography; ESR =
erythrocyte sedimentation rate; LLD = leg-length discrepancy; MRI = magnetic resonance imaging; PT = physiotherapy; SPECT = single photon
positron emission computed tomography
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