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Abstract Total hip arthroplasty (THA) is one of the most
successful operations that can restore function and relieve
pain. Although a majority of the patients achieve significant
pain relief after THA, there are a number of patients that
develop chronic pain for unknown reasons. A literature
search was performed looking for chronic pain after total
hip arthroplasty and stable THA. Major causes of chronic
pain include aseptic loosening or infection. However, there
is a subset of patients with a stable THA that present with
chronic pain which can have several aetiologies. These
include soft tissue, bony, neurological, vascular and psycho-
logical causes. Essential for successful treatment is the ability
to make the correct diagnosis. Thus therapy may be either
non-operative or operative. In addition, diagnosis and man-
agement often may require multidisciplinary approaches to
successfully alleviate chronic pain in these patients with a
stable prosthesis.

Introduction

Total hip arthroplasty (THA) is extremely successful in
restoring function and improving the quality of life in

patients with osteoarthritis related groin pain [1]. Modern
minimally-invasive approaches help to reduce the postoper-
ative pain and accelerate the rehabilitation [2]. Although a
majority of the patients achieve significant pain relief after
THA, there are a number of patients with radiographically
stable THA implants that develop chronic pain for unknown
reasons. In a recent nationwide survey of 1,231 THA
patients in Denmark, up to 28.1 % had chronic ipsilateral
hip pain at more than one year following the procedure and
12.1 % of these patients had moderate to significant limi-
tations of their daily activities secondary to the chronic hip
pain [3]. This article gives an overview of the possible
predictors and causes of chronic hip and groin pain in
patients with a stable THA.

The International Association for the Study of Pain
(IASP) defines pain as “an unpleasant sensory and emotion-
al experience associated with actual or potential tissue dam-
age, or described in terms of such damage” [4]. Acute pain
signals a specific nociceptive incident and is self-limited. In
contrast, chronic pain is defined as pain that lasts longer
than three to six months and is associated with a loss in the
alert and protection function. This differs from acute pain in
that localisation of the cause can be difficult in chronic pain
patients. Investigation of patients that are experiencing very
debilitating pain with a stable THA implant may not reveal
any tissue damage around the prosthesis. Furthermore,
chronic pain may develop from an acute painful condition,
but continues beyond the normal time expected for the
healing process or persists or recurs for different reasons.

Somatic predictors

In the literature, concurrent evidence has been reported
regarding somatic predictors for developing chronic hip
pain. Certain healthy populations have an increased risk of
developing hip pain even without surgery. Women had
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double the risk of developing hip pain when compared to
men. Other risk factors are age, high body mass index
(BMI), whole-body vibration and physically demanding
work [5]. The same risk factors as above have also been
found in patients who developed chronic pain after THA
with stable implants. These studies further confirm that
women have the greatest risk of developing postoperative
pain after surgery. Furthermore, patients with high preoper-
ative pain levels as well as the elderly, obese and depressive
individuals had persistent increased pain levels two to
five years postoperatively [6]. In terms of revision THA
operations, female gender, higher BMI, depression and age
are independently significantly associated with each of the
following outcomes: higher moderate to severe pain, use of
non-steroidal anti-inflammatory drugs (NSAIDs), moderate to
severe activity limitation and dependence on walking aids [7].

Psychological factors

A study by Rolfson et al. [8] reports that certain psycholog-
ical factors may predispose women to have a worse outcome
than men after THA as measured by pain, satisfaction and
health-related quality of life (HRQoL) scores. Rolfson et al.
evaluated the association between anxiety and patient-
perceived outcomes with respect to pain and satisfaction
after THA. This study demonstrated that a factor previously
poorly understood in hip surgery, pre-operative anxiety/de-
pression, might contribute to persistent discomfort and
poorer outcomes after THA. In fact, the pre-operative Euro-
Qol System (EQ-5D) dimension of anxiety/depression was
among the strongest predictors of pain relief and satisfaction
after THA. Furthermore, in contrast to these psychological
factors, the authors report that the pre-operative severity of
the radiographs and patient function was not related to
postoperative outcome [8].

Personal attitude and expectations regarding surgery are
assumed to influence postoperative analgesia and pain re-
lief. Gandhi et al. found that the patient expectation of
greater pain relief from surgery independently predicted
greater improvements in the WOMAC (Western Ontario
McMaster University Osteoarthritis Index) pain score
one year after surgery [9]. This finding agrees with several
reports in the literature [10, 11]. Furthermore, the perioper-
ative setting such as the quality of the admission process or
medical and nursing care related to the patient’s surgery
seem to also play a major role for better health-related
quality of life after THA. In a study by Baumann et al. the
immediate postoperative patient satisfaction with peri-
operative care was a good predictor of self-perceived health
status after surgery. In addition, these patients with good
self-perceived health status preoperatively also have high
postoperative HRQoL. However, patients reporting poor

preoperative HRQoL showed no improvement in HRQoL
after surgery [12].

Exogenic predicting factors

Apart from somatic and psychological predictors for the
development of chronic hip pain after THA, there are vari-
ous exogenic factors that may influence the outcomes. A
systematic review by Macfarlane et al. with the search terms
“THA, THR, hip operation and analgesia/anesthesia” con-
cluded that the use of regional analgesia significantly reduced
postoperative pain after THA. However, this review did not
evaluate chronic pain development after THA [13]. Another
factor is the administration of neuroactive drugs (Ketamine)
may have a positive effect on the postoperative pain level after
stabile primary hip implant. Patients who received an intra-
venous Ketamine infusion at the time of the incision and
24 hours postoperatively needed significantly less morphine
in the perioperative time period. In addition, Ketamine also
showed a morphine-sparing effect after THA, even when
morphine was combined with multimodal systemic analgesia.
Furthermore, Ketamine also facilitated rehabilitation and
reduced persistent postoperative chronic pain up to six months
after surgery [14].

Basic science experiments have also shown that noxious
stimuli related to surgical damage of the soft tissues may
produce a hyperexcitable and hypersensitive state in the neu-
rons of the central nervous system [15]. Clinical manifestation
of hypersensitivity is poorly understood, however, persistent
pain in the setting of a stable implant may be attributed to the
consequence of cellular hyperexcitability that can be second-
ary to inflammation or nerve damage [3]. Current animal
models of neuropathic pain have found that multiple inflam-
matory mediators released from the damaged tissue may
excite the primary sensory neurons in the peripheral nervous
system and also cause a persistent increase in their excitability
[16]. At the cellular level, formation of new channels, both up-
regulating and down-regulating of certain receptors and alter-
ing the local and distance inhibition are some of the biological
features that contribute to the excitability of neuron upregula-
tion that may be a factor in chronic pain after THA [17].

Management of patients with chronic hip pain after a
stable THA can present a challenging problem for the or-
thopaedic surgeon. Successful treatment requires making
accurate diagnosis of the aetiology of pain. Aseptic loosen-
ing and infection are two important factors that will cause
chronic hip pain after a THA and these must be ruled out
before considering other less common causes. The differen-
tiation between various origins, causes and time of onset of
chronic pain in a stable THA must be elicited to facilitate in
making the correct diagnosis. Persisting pain similar to the
preoperative pain reported by the patient after a stable THA
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may raise questions if the indications for surgery were
correct and must be differentiated from new and dissimilar
hip/groin pain that arises during the postoperative period.
There may be other cofounding variables including psycho-
logical factors, workers compensation, retirement payments,
and legal situations relating to the operation that may con-
tribute to the chronic pain. Looking more closely at the
possible causes for new onset of chronic pain in a stable
THA, it is necessary to differentiate between soft tissue,
bony, neurological or vascular aetiologies.

Soft tissue damage/irritation

Soft tissue damage or irritation (tendinopathies or bursitis) is
a common cause of chronic pain after THA. The generic
term for this type of pain is the greater trochanteric pain
syndrome (GTPS). The GTPS describes pain in the hip
region that typically involves the area from the lateral thigh
to the knee. Various entities or spectrum of disease are
classified under the GTPS such as trochanteric bursitis,
tendinopathy of the gluteus medius and minimus tendon,
rupture of the gluteal muscles or tendons, as well as snap-
ping hip syndrome. Risk factors include female gender,
rheumatoid arthritis, overweight, low back syndrome, fibro-
myalgia, and hyperuricemia [18–20]. The GTPS is triggered
by chronic microtrauma, overload, muscle dysfunction, or
acute trauma [21–23]. Clinically, the pain can be elicited
over the greater trochanter with palpation. In addition, active
abduction and rotation movements of the hip may also
provoke pain. A positive Trendelenburg’s sign may also be
detected in patients with GTPS [24].

In addition to the clinical examination, the diagnosis can
be confirmed by MRI scans or by ultrasound examination. It
is essential to evaluate for fatty degeneration of the gluteal
muscle and the extent of the gluteal tendon rupture, as well
as the irritation of the bursa to make the diagnosis of GTPS
[25–28]. The first line of management should be conserva-
tive with anti-inflammatories and avoidance of activities.
Other nonsurgical treatment options include physical thera-
py, shock wave therapy and local infiltrations [29–31]. In
the case of gluteal tendon rupture, conservative management
does not have much of a role. Ruptures of the gluteal tendon
should be surgically repaired, or in chronic cases, a bursec-
tomy and resection of prominent osseous bumps causing
soft tissue irritation can be performed [29]. It is essential to
repair the tendon during the acute period before fatty infil-
tration and retraction to improve the success rate and out-
come. In the case of snapping hip syndrome, a Z-plasty of
the iliotibial band is recommended if conservative measures
are unsuccessful [32]. For all these surgical therapies endo-
scopic methods are proving increasingly popular [32–34].

Impingement of the iliopsoas is a rather uncommon cause
of soft tissue irritation and therefore a contributor of groin

pain after THA. It can cause a bursitis of the iliopectineal
bursa and occurs in up to 4.3 % of patients. O’Sullivan et al.
and Nunley et al. both reported the mean time from primary
hip surgery to presentation of symptoms from iliopsoas
tendonitis was characteristically several months [35, 36]. A
typical clinical finding is an insidious onset of groin pain
during active hip flexion, passive hip extension, and exter-
nal rotation. A prominent anterior edge of the acetabular
component, which may exceed the margins of the native
acetabulum or be malpositioned, can exemplify an anatom-
ical cause for the irritation of the iliopsoas bursa and tendon.
Additional causes of pain related to the acetabular compo-
nent include fixation screws protruding through the ilium
and into the iliacus muscle or extruded cement debris
around the anterior rim of the cup. Nunley et al. demon-
strated that selective steroid and anaesthetic injections of the
iliopsoas bursa give adequate pain relief in the majority of
patients with iliopsoas bursitis. Selective injections with
steroids and an anaesthetic should be part of the non-
operative treatment both as a diagnostic and therapeutic
modality before surgical release of the iliopsoas tendon or
component revision surgery is considered [36]. Only in
cases of insufficient pain relief through conservative therapy
is revision surgery indicated. In contrast, Dora et al. stated
that the tenotomy of the iliopsoas and revision of the acetab-
ular component are both successful surgical options. They
found that the iliopsoas tenotomy provided the same pain
relief and functional results as revision of the acetabular
component but avoided the risks of the latter procedure [37].

Bony aspects

There are various types of mechanical impingement in THA
that can cause pain in an otherwise stable THA. Three types
of impingement exist: bone-to-bone, component-to-
component and component-to-bone. The bone-to-bone im-
pingement depends mainly on the offset of the prosthesis.
Whereas for the component-to-component impingement, the
orientation of the implants and the prosthesis design is the
main contributor. Lewinnek et al. established the so-called
safe zone for the positioning of the cup. When the cup
position is placed in the safe zone, the risk for dislocation
is significantly reduced. This safe zone is defined as 5–25°
of anteversion and 30–50° of inclination [38], given that the
impingement is not only dependent on the positioning of the
cup, but also on the orientation and design of the stem.
Therefore, the orientation of the cup to the stem to each
other is crucial as the orientation of one component deter-
mines the orientation of the other component. A reasonable
recommendation to balance stability while minimising the
risk of mechanical impingement is to use modular systems
(Fig. 1). This allows a dynamic examination of the impingement
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range of motion in the operative setting before final compo-
nent positions are taken. Attention should be turned to the
space between the lesser trochanter and the ischium and the
space between the greater trochanter and the ilium [39–41].
Also, computer navigation systems can help to prevent incor-
rect positioning of the implants [42].

A common cause (up to 90 %) of chronic pain in stable
THAs are heterotopic ossifications (HO). They are primarily
located posterior to the prosthesis. HO are assumed to
develop out of osteoblastic progenitor cells that are scattered
out of the bone marrow during intramedually broaching.
Furthermore, progenitor cells that are located in the soft
tissue (inducible osteogenic precursor cells [IOPC]) can be
activated through inflammatory stimuli. An HO usually
gains clinical relevance when it reaches the Brooker

classification III to IV by causing pain and restricted ROM
(Fig. 2) [43–45]. Standard prophylaxis can be accomplished
with medication (NSAID) or by radiation. However, neither
of these procedures seems to have a superior outcome [46].
Clinically relevant ossifications develop in 20–45 % of all
THA without prophylaxis compared to less than 5 % under
an appropriate prophylaxis. Risk factors for HO include
male gender, elderly, post-traumatic or hypertrophic osteo-
arthritis, rheumatoid arthritis, ankylosing spondylitis and
Paget’s disease [47–50]. Treatment of HO-related pain after
THA is necessary when the patient experiences any

Fig. 1 Increasing the offset with a modular system because of mechanical impingement of THA

Fig. 2 Heterotopic ossifications after THA (Brooker classification IV) Fig. 3 Stress shielding of the proximal femur
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discomfort or restriction of movement. The nonoperative
treatments include physiotherapy and analgesia. If the HO
have not reached the end of growth treatment with NSAID
or radiation can be tried to stop the growth of the HO. But
this is no use for pre-existing HO. If the nonoperative treat-
ments fail then surgical resection of the ossification is the
only therapeutic option [51]. However, it should be delayed
until the heterotrophic ossification reaches maturity and end
of growth which usually takes up to one year. To evaluate
the activity of the heterotrophic ossification, a three-phase
bone scintigraphy or alkaline phosphatase level (ALP) is
recommended [52].

Another controversial factor in the development of
chronic pain after stable THA is the influence of stress
shielding. Stress shielding is defined as a reduction of bone
density caused by a biomechanical load on the bone by an
implant. The mismatch of the implant’s and the bone’s
stiffness lead to a nonphysiological transmission of power.
Cementless hip prostheses are typically affected. This is
especially seen in the distal anchoring hip systems when
the proximal femur shows radiolucent bone loss, because
osteolysis typically takes place in the region of minor load
(Fig. 3). In particular, longer and more extensively porous
coated stems are affected. After stress shielding was first
described it was suggested that this loss of bone substance
would lead to increased pain, loosening and fractures. In
contrast to this initial hypothesis, recent studies have shown
that this is not the case. More problematic is the loss of
substance of the proximal bone to provide anchoring in a
revision prosthesis [53–59].

Another aetiology of bony causes of chronic pain in a
stable THA are fatigue fractures. These fatigue fractures are
typically found in the area of the acetabulum. They can
either occur directly during surgery, especially in cementless
press-fitted cups, but can also develop years after surgery.
The latter fatigue fractures are often caused by local osteolysis.
The appropriate treatment depends critically on the extent of
the fracture and in particular on the stability of the acetabular
component [60–64].

Neurological or vascular causes

Injury or irritation of nerves can be another cause of hip pain
with a stable THA. Possible aetiologies include intraoper-
ative nerve injury or nerve irritation due to scar entrapment
or foreign body. Intraoperative nerve injury occurs through
direct injury to the nerve either via pressure of a hook/
retractor, over-stretching, or complete nerve transection.
Nerve irritation can be caused by haematomas, prosthetic
components, screws, scar tissue or bone cement. Further-
more, any pain of the groin or thigh region can have its
primary cause in the lumbar spine, especially when the pain
radiates in a dermatomal pattern. Therefore it is important to

rule out spine-related pain to the hip or groin in the preop-
erative setting. Other recent onset nerve root irritations can
also lead to pain that is very similar to those of a coxalgia
[65–68].

Vascular injury or irritation can also cause chronic pain in
a stable THA. Vascular-related pain can occur after total hip
arthroplasty and especially after revision THA, caused by
ischemia. This may occur through direct violation of the
vessels or by intraoperative traction on the leg (stretching of
the vessels) when there is a pre-existing vascular stenosis. In
addition, displacements of the vessels or injuries caused by
scar contraction or other aetiologies can result in the forma-
tion of arteriovenous fistulas and aneurysms [69–71]. In
these cases, the diagnosis can be confirmed with the assis-
tance of Doppler ultrasonography or angiography in addi-
tion to clinical examination. These patients can present with
a palpable groin mass, a bruit may be heard on a stetho-
scope, and there may be a sudden drop in the patient’s
haematocrit. Treatments include consultation with a vascu-
lar team and either open bypass or endovascular coiling of
the fistula or aneurysm [69–72].

References

1. Dahlen L, Zimmerman L, Barron C (2006) Pain perception and its
relation to functional status post total knee arthroplasty: a pilot
study. Orthop Nurs 25(4):264–270

2. Goebel S, Steinert AF, Schillinger J, Eulert J, Broscheit J, Rudert
M, Nöth U (2012) Reduced postoperative pain in total hip arthro-
plasty after minimal-invasive anterior approach. Int Orthop 36
(3):491–498

3. Nikolajsen L, Brandsborg B, Lucht U, Jensen TS, Kehlet H (2006)
Chronic pain following total hip arthroplasty: a nationwide ques-
tionnaire study. Acta Anaesthesiol Scand 50(4):495–500

4. International Association for the Study of Pain (IASP) (1994) Task
force on taxonomy, part III. Pain terms. A current list with defi-
nitions and notes on usage. In: Merskey H, Bogduk N (eds)
Classification of chronic pain, 2nd edn. IASP Press, Seattle, pp
209–214. Available at http://www.iasp-pain.org. Accessed 23 June
2008

5. Tüchsen F, Hannerz H, Burr H, Lund T, Krause N (2003) Risk
factors predicting hip pain in a 5-year prospective cohort study.
Scand J Work Environ Health 29(1):35–39

6. Halket A, Stratford PW, Kennedy DM, Woodhouse LJ (2010)
Using hierarchical linear modeling to explore predictors of pain
after total hip and knee arthroplasty as a consequence of osteoar-
thritis. J Arthroplasty 25(2):254–262

7. Singh JA, Lewallen D (2009) Age, gender, obesity, and depression
are associated with patient-related pain and function outcome after
revision total hip arthroplasty. Clin Rheumatol 28(12):1419–1430

8. Rolfson O, Dahlberg LE, Nilsson JA, Malchau H, Garellick G
(2009) Variables determining outcome in total hip replacement
surgery. J Bone Joint Surg Br 91(2):157–161

9. Gandhi R, Davey JR, Mahomed N (2009) Patient expectations
predict greater pain relief with joint arthroplasty. J Arthroplasty
24(5):716–721

10. Mahomed NN, Liang MH, Cook EF, Daltroy LH, Fortin PR,
Fossel AH, Katz JN (2002) The importance of patient expectations

International Orthopaedics (SICOT)

Author's personal copy

http://www.iasp-pain.org


in predicting functional outcomes after total joint arthroplasty. J
Rheumatol 29(6):1273–1279

11. Gandhi R, Davey JR, Mahomed NN (2008) Predicting patient
dissatisfaction following joint replacement surgery. J Rheumatol
35(12):2415–2418

12. Baumann C, Rat AC, Osnowycz G, Mainard D, Cuny C,
Guillemin F (2009) Satisfaction with care after total hip or knee
replacement predicts self-perceived health status after surgery.
BMC Musculoskelet Disord 10:150

13. Macfarlane AJ, Prasad GA, Chan VW, Brull R (2009) Does
regional anaesthesia improve outcome after total hip arthroplasty?
A systematic review. Br J Anaesth 103(3):335–345

14. Remerand F, Le Tendre C, Baud A, Couvret C, Pourrat X, Favard L,
Laffon M, Fusciardi J (2009) The early and delayed analgesic effects
of ketamine after total hip arthroplasty: a prospective, randomized,
controlled, double-blind study. Anesth Analg 109(6):1963–1971

15. Woolf CJ, Salter MW (2000) Neuronal plasticity: increasing the
gain in pain. Science 288(5472):1765–1769

16. Ji RR, Strichartz G (2004) Cell signaling and the genesis of
neuropathic pain. Sci STKE 2004(252):reE14

17. Jensen TS, Baron R (2003) Translation of symptoms and signs into
mechanisms in neuropathic pain. Pain 102(1–2):1–8

18. Segal NA, Felson DT, Torner JC, Zhu Y, Curtis JR, Niu J, Nevitt
MC (2007) Greater trochanteric pain syndrome: epidemiology and
associated factors. Arch Phys Med Rehabil 88(8):988–992

19. Little H (1979) Trochanteric bursitis: a common cause of pelvic
girdle pain. Can Med Assoc J 120(4):456–458

20. Schapira D, Nahir M, Scharf Y (1986) Trochanteric bursitis: a
common clinical problem. Arch Phys Med Rehabil 67(11):815–817

21. Jones DL, Erhard RE (1997) Diagnosis of trochanteric bursitis
versus femoral neck stress fracture. Phys Ther 77(1):58–67

22. Johnston CA, Wiley JP, Lindsay DM,Wiseman DA (1998) Iliopsoas
bursitis and tendinitis. A review. Sports Med 25(4):271–283

23. Shbeeb MI, Matteson EL (1996) Trochanteric bursitis (greater
trochanter pain syndrome). Mayo Clin Proc 71(6):565–569

24. Bird PA, Oakley SP, Shnier R, Kirkham BW (2001) Prospective
evaluation of magnetic resonance imaging and physical examina-
tion findings in patients with greater trochanteric pain syndrome.
Arthritis Rheum 44(9):2138–2145

25. Tibor LM, Sekiya JK (2008) Differential diagnosis of pain around
the hip joint. Arthroscopy 24(12):1407–1421

26. Baker CL Jr, Massie RV, Hurt WG, Savory CG (2007)
Arthroscopic bursectomy for recalcitrant trochanteric bursitis.
Arthroscopy 23(8):827–832

27. Kong A, Van der Vliet A, Zadow S (2007) MRI and US of gluteal
tendinopathy in greater trochanteric pain syndrome. Eur Radiol 17
(7):1772–1783

28. Connell DA, Bass C, Sykes CA, Young D, Edwards E (2003)
Sonographic evaluation of gluteus medius and minimus tendinop-
athy. Eur Radiol 13(6):1339–1347

29. Schuh A, Hönle W (2010) Greater trochanteric pain syndrome—
etiology and therapy. MMW Fortschr Med 152(3):38–40

30. Butcher JD, Salzman KL, Lillegard WA (1996) Lower extremity
bursitis. Am Fam Physician 53:2317–2324

31. Shbeeb MI, O’Duffy JD, Michet CJ Jr, O’Fallon WM, Matteson
EL (1996) Evaluation of glucocorticosteroid injection for the treat-
ment of trochanteric bursitis. J Rheumatol 23:2104–2106

32. Robertson WJ, Gardner MJ, Barker JU, Boraiah S, Lorich DG,
Kelly BT (2008) Anatomy and dimensions of the gluteus medius
tendon insertion. Arthroscopy 24(2):130–136

33. Voos JE, Rudzki JR, Shindle MK, Martin H, Kelly BT (2007)
Arthroscopic anatomy and surgical techniques for peritrochanteric
space disorders in the hip. Arthroscopy 23(11):1246e1–1246e5

34. Voos JE, Shindle MK, Pruett A, Asnis PD, Kelly BT (2009)
Endoscopic repair of gluteus medius tendon tears of the hip. Am
J Sports Med 37(4):743–747

35. O’Sullivan M, Tai CC, Richards S, Skyrme AD, Walter WL,
Walter WK (2007) Iliopsoas tendonitis a complication after total
hip arthroplasty. J Arthroplasty 22:166–170

36. Nunley RM,Wilson JM, Gilula L, Clohisy JC, Barrack RL, Maloney
WJ (2010) Iliopsoas bursa injections can be beneficial for pain after
total hip arthroplasty. Clin Orthop Relat Res 468(2):519–526

37. Dora C, Houweling M, Koch P, Sierra RJ (2007) Iliopsoas im-
pingement after total hip replacement: the results of non-operative
management, tenotomy or acetabular revision. J Bone Joint Surg
Br 89:1031–1035

38. Lewinnek GE, Lewis JL, Tarr R, Compere CL, Zimmerman JR
(1978) Dislocations after total hip-replacement arthroplasties. J
Bone Joint Surg Am 60(2):217–220

39. Seki M, Yuasa N, Ohkuni K (1998) Analysis of optimal range of
socket orientations in total hip arthroplasty with use of computer-
aided design simulation. J Orthop Res 16(4):513–517

40. Barrack RL (2003) Dislocation after total hip arthroplasty: implant
design and orientation. J Am Acad Orthop Surg 11(2):89–99

41. Malik A, Maheshwari A, Dorr LD (2007) Impingement with total
hip replacement. J Bone Joint Surg Am 89(8):1832–1842

42. Moskal JT, Capps SG (2010) Improving the accuracy of acetabular
component orientation: avoiding malposition. J Am Acad Orthop
Surg 18(5):186–296

43. Board TN, Karva A, Board RE, Gambhir AK, Porter ML (2007)
The prophylaxis and treatment of heterotopic ossification follow-
ing lower limb arthroplasty. J Bone Joint Surg Br 89(4):434–440

44. Brooker AF, Bowerman JW, Robinson RA, Riley LH Jr (1973)
Ectopic ossification following total hip replacement. Incidence and
a method of classification. J Bone Joint Surg Am 55(8):1629–1632

45. Chao ST, Lee SY, Borden LS, Joyce MJ, Krebs VE, Suh JH (2006)
External beam radiation helps prevent heterotopic bone formation
in patients with a history of heterotopic ossification. J Arthroplasty
21(5):731–736

46. Vavken P, Castellani L, Sculco TP (2009) Prophylaxis of hetero-
topic ossification of the hip: systematic review and meta-analysis.
Clin Orthop Relat Res 467(12):3283–3289

47. Ahrengart L (1991) Periarticular heterotopic ossification after total
hip arthroplasty. Risk factors and consequences. Clin Orthop Relat
Res 263:49–58

48. Ashton LA, Bruce W, Goldberg J, Walsh W (2000) Prevention of
heterotopic bone formation in high risk patients post-total hip
arthroplasty. J Orthop Surg (Hong Kong) 8(2):53–57

49. Ritter MA, Vaughan RB (1977) Ectopic ossification after total hip
arthroplasty. Predisposing factors, frequency, and effect on results.
J Bone Joint Surg Am 59(3):345–351

50. Sundaram NA, Murphy JC (1986) Heterotopic bone formation
following total hip arthroplasty in ankylosing spondylitis. Clin
Orthop Relat Res 207:223–226

51. Board TN, Karva A, Board RE, Gambhir AK, Porter ML (2007)
The prophylaxis and treatment of heterotopic ossification follow-
ing lower limb arthroplasty. J Bone Joint Surg Br 89-B:434–440

52. Shehab D, Elgazzar AH, Collier BD (2002) Heterotopic ossifica-
tion. J Nucl Med 43(3):346–353

53. Bobyn JD, Mortimer ES, Glassman AH, Engh CA, Miller JE,
Brooks CE (1992) Producing and avoiding stress shielding.
Laboratory and clinical observations of noncemented total hip
arthroplasty. Clin Orthop Relat Res 274:79–96

54. Khanuja HS, Vakil JJ, Goddard MS, Mont MA (2011) Cementless
femoral fixation in total hip arthroplasty. J Bone Joint Surg Am
93:500–509

55. LaPorte DM, Mont MA, Hungerford DS (1999) Proximally
porous-coated ingrowth prostheses: limits of use. Orthopedics 22
(12):1154–1160

56. Bugbee WD, Culpepper WJ 2nd, Engh CA Jr, Engh CA Sr (1997)
Long-term clinical consequences of stress-shielding after total hip
arthroplasty without cement. J Bone Joint Surg Am 79(7):1007–1012

International Orthopaedics (SICOT)

Author's personal copy



57. Engh CA Jr, Young AM, Engh CA Sr, Hopper RH Jr (2003)
Clinical consequences of stress shielding after porous-coated total
hip arthroplasty. Clin Orthop Relat Res 417:157–163

58. Karachalios T, Tsatsaronis C, Efraimis G, Papadelis P, Lyritis G,
Diakoumopoulos G (2004) The long-term clinical relevance of calcar
atrophy caused by stress shielding in total hip arthroplasty: a 10-year,
prospective, randomized study. J Arthroplasty 19(4):469–475

59. MacDonald SJ, Rosenzweig S, Guerin JS, McCalden RW, Bohm
ER, Bourne RB, Rorabeck CH, Barrack RL (2010) Proximally
versus fully porous-coated femoral stems: a multicenter random-
ized trial. Clin Orthop Relat Res 468(2):424–432

60. Della Valle CJ, Momberger NG, Paprosky WG (2003)
Periprosthetic fractures of the acetabulum associated with a total
hip arthroplasty. Instr Course Lect 52:281–290

61. Marmor L (1976) Stress fracture of the pubic ramus stimulating a
loose total hip replacement. Clin Orthop Relat Res 121:103–104

62. Oh I, Hardacre JA (1980) Fatigue fracture of the inferior pubic
ramus following total hip replacement for congenital hip disloca-
tion. Clin Orthop Relat Res 147:154–156

63. Helfet DL, Ali A (2004) Periprosthetic fractures of the acetabulum.
Instr Course Lect 53:93–98

64. Callaghan JJ, KimYS, Pederson DR, Brown TD (1999) Periprosthetic
fractures of the acetabulum. Orthop Clin North Am 30(2):221–234

65. Johanson NA, Pellicci PM, Tsairis P, Salvati EA (1983) Nerve
injury in total hip arthroplasty. Clin Orthop Relat Res 179:214–222

66. Siliski JM, Scott RD (1985) Obturator-nerve palsy resulting from
intrapelvic extrusion of cement during total hip replacement.
Report of four cases. J Bone Joint Surg Am 67(8):1225–1228

67. Bohl WR, Steffee AD (1979) Lumbar spinal stenosis. A cause of
continued pain and disability in patients after total hip arthroplasty.
Spine 4(2):168–173

68. Floman Y, Bernini PM, Marvel JP, Rothmann RH (1980) Low-
back pain and sciatica following total hip replacement: a report of
two cases. Spine 5(3):292–294

69. Matos MH, Amstutz HC, Machleder HI (1979) Ischemia of the
lower extremity after total hip replacement. J Bone Joint Surg Am
61(1):24–27

70. Rossi G, Mavrogenis A, Angelini A, Rimondi E, Battaglia M,
Ruggieri P (2011) Vascular complications in orthopaedic surgery.
J Long Term Eff Med Implants 21(2):127–137

71. Aleto T, Ritter MA, Berend ME (2008) Superficial femoral artery
injury resulting from cerclage wiring during revision THA. Clin
Orthop Relat Res 466:749–753

72. Beguin L, Feugier P, Durand JM, Chalencon F, Gresta G, Fessy
MH (2001) Vascular risk and total hip arthroplasty. Rev Chir
Orthop Reparatrice Appar Mot 87(5):489–498

International Orthopaedics (SICOT)

Author's personal copy

View publication statsView publication stats

https://www.researchgate.net/publication/233770084

	Assessment and management of chronic pain in patients with stable total hip arthroplasty
	Abstract
	Introduction
	Somatic predictors
	Psychological factors
	Exogenic predicting factors
	Soft tissue damage/irritation

	Bony aspects
	Neurological or vascular causes

	References


