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Preface

This book provides a concise yet comprehensive introduction to some common hip 
pathologies and their surgical treatment. It is divided into three sections with short 
chapters providing a broad overview of anatomy, pathology, and treatment. Selected 
references are also provided without the claim of being exhaustive and with the aim 
of stimulating interest and discussion.

Every attempt has been made to narrate the concepts in a simplified manner. Wherever 
possible illustrations have been used to help the reader to understand the subject. The 
book is designed for orthopedic surgeons, either in practice or in training, as well as 
clinicians, radiologists, and physical therapists.

Many people helped make this book. First, I would like to acknowledge IntechOpen 
and the fantastic team of editors that helped bring this book to fruition. I would also 
like to especially thank the extraordinary authors who contributed their excellent 
chapters.

Carlos Suarez-Ahedo
Joints Surgeon (Adults Joint Reconstruction Division,  

National Rehabilitation Institute),
Mexico City, Mexico
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Chapter 1

Regional Anaesthesia for Hip 
Surgeries
Livija Šakić, Kata Šakić and Šime Šakić

Abstract

Regional anaesthesia is essential for hip arthroplasty programmes and depends 
on anaesthesiologist’s experienced choice. Good analgesia and the avoidance of  
post-operative nausea and vomiting are prerequisites for early ambulation and patient 
compliance with post-operative protocols. Regional anaesthesia, both neuraxial and 
peripheral nerve blocks, is superior to systemic opioid analgesia at all-time points in 
the first 3 days following surgery and by avoiding opioids, the risks and incidence of 
opioid analgesia are removed. Safety of drugs for intrathecal injections and complica-
tions from spinal anaesthesia continue to be examined and re-examined in order to 
improve safety of the technique. Prevention of post-operative cognitive dysfunction 
and early mobilisation is a key part of the management of patients with hip fractures.

Keywords: regional anaesthesia, analgesia, hip fracture, immune response,  
hip replacement

1. Introduction

The latest review articles on regional anaesthesia for hip surgery highlight the 
improvements made in perioperative care combined surgical, anaesthetic and 
analgesic protocols in order to demonstrate improved perioperative outcomes [1]. 
The combination of intraoperative spinal anaesthesia with non-opioid adjuvance or 
low-dose peripheral nerve block (PNB) appears to provide the “ideal” analgesia for 
hip replacement. The incidence of urine retention requiring catheterisation and post-
operative nausea and vomiting is less by avoiding perioperative systemic and intrathe-
cal opioids thus allowing earlier ambulation and discharge. The recent study of Cook 
et al. confirms that spinal anaesthesia is associated with minimal morbidity of deep 
vein thrombosis (DVT) and pulmonary embolism (PE) in the majority of cases [2].

2. Sensory innervation of the hip joint

The hip joint is a typical ball-and-socket joint formed by an articulation between 
the head of the femur and the acetabulum surrounded by a cartilaginous labrum. The 
entire joint is enveloped by a joint capsule and additionally stabilised by ischiofemoral, 
iliofemoral and pubofemoral ligament, together with various muscles that either 
originate in, insert or just pass by this area [3]. Innervation of the hip joint derives from 
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both lumbar (L1–L4) and sacral (L4–S4) plexuses and the variety of their muscular 
branches 4. The location of the origin from the main trunk of the nerves providing 
articular branches to the hip capsule appears to be variable and has only been recorded 
for the obturator and femoral nerves. There is though substantial discrepancy between 
studies. According to the studies, most frequent nerve to innervate the hip capsule is 
the nerve to quadratus femoris muscle followed by the obturator and then the femoral 
nerve. In general, the course of hip capsule articular branches follows the path of the 
vessels, but differences in innervation of the hip capsule appear to be present between 
individuals [4, 5]. Sensory innervation of the hip joint is shown in Figure 1.

3. Hip infringements and associated surgeries

Hip fracture implies a fracture of the upper quarter of the femoral bone. Fracture 
line stretches indifferent directions depending on the force that causes it. According 
to their anatomical location, hip fractures are classified as intracapsular (IF), which 
involves the femoral head and neck, and extracapsular (EF), which includes intertro-
chanteric, trochanteric and subtrochanteric fractures.

Blood loss from an IF at the time of injury is minimal because of the poor vascular 
supply at the fracture site and tamponade affected by the capsule. Occasionally, 
fractures without displacement may be treated conventionally, but there is a 30–50% 
risk of subsequent displacement. Current preference is for all intracapsular fractures 
without displacement to be treated by internal fixation with multiple screws or a 
sliding hip screw. Untreated disruption to the capsular blood supply of the head of the 
femur by a displaced intracapsular fracture can lead to avascular necrosis of the bone, 
resulting in a painful hip of limited function. Therefore, surgical treatment involves 
cemented hemiarthroplasty. Blood loss from an EF may exceed one litre; the larger 
the bone fragments, the greater the blood loss.

In addition, greater periosteal disruption causes EFs to be more painful than an IF. 
EF is fixed surgically using either a sliding hip screw, (intertrochanteric fractures) or 
less commonly, a proximal femoral intramedullary nail (subtrochanteric fractures).

In the developed countries, the number of hip replacements has rapidly increased 
throughout the twenty-one century [6]. This trend is mainly due to the population 
ageing and according to the lengthening of life expectancy [7].

Figure 1. 
Sensory innervation of the hip joint.
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The rational and the main features of Tissue Sparing Surgery (TSS) concept are 
maximum respect of anatomy, restoration of joint biomechanics, and removal of 
degenerated tissues, preserving the healthy ones. So, the prosthesis should just ‘inte-
grate’ the joint instead of substitute it. The purposes of these techniques are to reduce 
blood loss, post-operative pain and hospital length of stay while improving recovery 
and ambulation [8, 9].

Hidden blood loss should not be ignored in patients who underwent hip hemi-
arthroplasty for displaced femoral neck fractures, as it is a significant portion of 
total blood loss. A better understanding of HBL after hip hemiarthroplasty may help 
surgeons improve clinical assessment and ensure patient safety [10].

3.1 Timing of surgery

Recommendations that have been introduced in 1989 by the Royal College of 
Scientists are that ideally, surgery should be performed within 48 h of hospital 
admission after hip fracture. In April 2010, new target of 36 h has been accepted 
in the first place in England and Wales. There are meta-analyses that indicate that 
delaying surgery beyond 48 h from admission is associated with prolonged in 
patient stay, increased morbidity (pressure sores, pneumonia, thromboembolic 
complications) and increased mortality. But, surgery is often delayed because of 
the need for additional investigation in elderly patients and their preoperative 
preparation, although there is no evidence to suggest that outcome is improved 
by delaying surgery to allow preoperative physiological stabilisation. However, 
the benefits of expedited surgery must be balanced against the risks of certain 
untreated conditions [11].

4. Central neuraxial anaesthesia in hip trauma and surgery

4.1 Pain in hip trauma and surgery

Pain sensation varies in this type of fractures and surgical reconstructions 
depending on intensity, quality and duration of pain stimuli involving nociception, 
inflammation and nerve cell remodelling [12]. Also, nociceptive information strongly 
influences brain centres for regulating homeostasis. This includes also psychological 
conditions, such as fear or anxiety that can significantly influence the experience 
of pain. So, understanding neuroanatomical organisation of central processing of 
nociceptive information is of great clinical importance.

Proximal femoral fractures are known for most painful injuries and in the elderly, 
this pain syndrome can even change the cognitive functions. Femoral fractures are 
usual emergency and characteristically happen in elderly population, which is most 
vulnerable to the deleterious effects of poorly managed pain, and adverse effects of 
both drugs and post-operative pain; thus, achieving effective analgesia is particu-
larly difficult because it is necessary to personalise the treatments and, at the same 
time, the ineffective analgesia may lead to serious complications such as delirium. 
Untreated severe pain can increase patient’s fear and anxiety, lead to aggressive 
behaviour and disturbance of cognition, and have an unfavourable effect on physi-
ological parameters [11]. These patients jeopardise of perioperative morbidity and 
mortality, which can be reduced with prompt surgical treatment and punctual quality 
rehabilitation.
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4.2 Neuroendocrine and immune response

Patients with proximal femoral fractures show prolonged adrenocortical response 
to injury. It is known that elevated cortisol concentrations persist in elderly patients 
2 to 3 weeks after injury than in young patients with similar injuries or even more 
severe. Significantly higher cortisol levels can last up to 8 weeks after injury [12]. 
The stress hormone cortisol affects the cognitive function, memory and learning, 
reduces immunity and bone density, and increases body weight, arterial pressure, 
cholesterol blood levels and heart diseases. Alterations of cognitive status after 
surgery may present in the form of delirium or, more delicately, as post-operative 
cognitive dysfunction (POCD). Hyperactivity of the hypothalamo-pituitary-adrenal 
(HPA) axis with higher cortisol levels is involved in the pathophysiology of delirium 
[6]; similarly, association between higher plasma cortisol levels and POCD in aged 
patients following hip fracture surgery occurs [7]. Delirium refers to observable 
changes in consciousness and attention, whereas POCD may refer to a patient exhibit-
ing significant declines from patient’s own baseline level of performance in one or 
more neuropsychologic domains.

Surgery elicits broad alterations in haemodynamic, endocrine-metabolic and 
immune responses. The inflammatory response is essential for structural and 
functional repair of injured tissue, as complement, granulocytes, macrophages and 
many other mediators are required for appropriate wound healing. Injury, caused by 
trauma or surgery, is connected with the acute disorder of immunological system, 
which manifests as increased inclination to infections. The inflammatory response 
is an important determinant of outcome after major surgery. Perioperative excessive 
stimulation of the inflammatory and haemostatic systems plays a role in the develop-
ment of post-operative ileus, ischaemia-reperfusion syndromes (e.g. myocardial 
infarction), hypercoagulation syndromes (e.g. DVT) and pain. Together, these rep-
resent a significant fraction of major post-operative disorders. Regional anaesthesia-
administered local anaesthetics prevent or modulate many of these processes.

In the centre of interests, there are the serum-levels of T-helper-1 (Th-1) and 
T-helper-2 (Th-2) cytokines before and after regional and general anaesthesia and 
in such a way would like to confirm through the immunological status that the spinal 
anaesthesia is significantly more favourable for the patient.

Survival depends on the immune system’s ability to defend the body against attack 
from invading pathogens and injury. However, the extent of such a response is of criti-
cal importance; deficient responses may result in secondary infections from immuno-
suppression and excessive responses can be more harmful than the original insult.

Cytokine synthesis and release is an essential component of the innate immune 
system, but inappropriate, excessive production results in a generalised systemic 
inflammatory response, which damages distant organs.

The consequences of ageing on the immune system are thought to contribute 
considerably to morbidity and mortality in the elderly. Tumour necrosis factor-α 
(TNF-α) and intreleukine-6 (IL-6) concentrations are raised in the elderly, and stud-
ies have shown that, in response to surgical trauma, the elderly have a magnified and 
late inflammatory cytokine response [13].

4.3 Neuromodulation in neuraxial anaesthesia

Regional anaesthesia alone, without surgery, has periodical and minimum effects 
to immunological system. It is established that various anaesthesiological procedures 
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in the same surgery cause various trend of alteration of cytokine level in serum. 
Spinal anaesthesia results in less immunosuppression, that is maintains the number 
of Th-1 cells, thus stimulating the cell immunity. Serious disorder of immunological 
system may cause complications as there are disorders in wound healing, increased 
number of infections, non-adequate response to the stress, multi-organic suppression 
and increased incidence of metastases [14, 15].

Surgery is the best analgesic for hip fractures. It can be performed under the 
general or regional anaesthesia. There are a great number of studies that analysed and 
compared the effects of both anaesthetic techniques. There are minimal evidence-
based analyses for determining the optimal anaesthetic technique for patients under-
going hip fracture surgery.

Consequently, anaesthesiologists tend to use the technique which they are familiar 
with half, administering neuraxial anaesthesia and the latter general anaesthesia.

Administration of local anaesthetics was designed to provide intraoperative 
anaesthesia and post-operative analgesia. However, in recent years it has become clear 
that regional administered local anaesthetics have benefits far beyond anaesthesia 
and pain relief; indeed, the technique has significant impact on the outcome of major 
surgical procedures. A recently published meta-analysis suggests that neuraxial 
anaesthesia using local anaesthetics decreases overall mortality by approximately 
one-third, and reduces the odds of DVT by 44%, PE 55%, transfusion requirements 
by 50%, pneumonia by 39%, and respiratory depression by 59% [16]. There were also 
reductions in myocardial infarction and renal failure. In addition, epidural anaesthe-
sia using local anaesthetics has been shown to attenuate the endocrine and metabolic 
response to upper abdominal surgery, to reduce post-operative ileus and to shorten 
duration of intubation and intensive care stay in patients undergoing abdominal 
aortic surgery.

Local anaesthetics modulate the inflammatory response in vivo. They prevent or 
reduce inflammatory disorders, such as reperfusion injury in heart. Beneficial effects 
of local anaesthetic treatment in inflammatory bowel diseases are well documented. 
In contrast to corticosteroids, which depress the inflammatory response and impact 
negatively on post-operative outcome, local anaesthetics selectively inhibit only 
overactive responses of the inflammatory and haemostatic systems without affecting 
normal function. Local anaesthetics decrease inflammation without increasing the 
susceptibility to infections and prevent post-operative thrombotic events without 
increasing bleeding.

Regional anaesthesia-analgesia attenuates perioperative immunosuppression. The 
hypothesis that patients who receive combined propofol/paravertebral anaesthesia-
analgesia (propofol/paravertebral) exhibited reduced levels of protumorigenic 
cytokines and matrix metalloproteinases (MMPs) and elevated levels of antitumori-
genic cytokines compared with patients receiving sevoflurane anaesthesia with opioid 
analgesia (sevoflurane/opioid). Regional anaesthesia-analgesia for cancer surgery 
alters a minority of cytokines influential in regulating perioperative cancer immunity. 
However, any reduction of immunosuppression is less expressed in regional—spinal 
anaesthesia. Local anaesthetics lidocaine and bupivacaine have influence on a release 
of IL-1 beta from human lymphocytes in vitro reducing chemotaxial and fagocite 
activity of neutrofiles and inhibits mitogen-induced proliferation of lymphocytes.

Both types of neuraxial anaesthesia, spinal and epidural and general anaesthe-
sia, are associated with impulsive falls in intraoperative blood pressure. Epidural 
anaesthesia can be used as a sole continuous anaesthetic technique (as a perioperative 
analgesia and in the same time as an intra-operative anaesthesia) or as a combined 
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spinal-epidural anaesthesia. This regional technique provides excellent analgesia, but 
may limit early mobilisation after surgery.

Matot et al. in their study from 2003 [17] make a comparison of the analgesic effect 
of systemic versus continuous epidural analgesia in patients with hip fracture and with 
high cardiac risk, and came to a conclusion that the incidence of cardiac complications 
was higher in patients with systemic versus continuous epidural analgesia (11 from 34 
patients in systemic analgesia group vs. 2 from 34 patients in group with continuous 
epidural analgesia). In this study, epidural catheter was placed in early preoperative 
period due to patients’ admission. Few other studies demonstrated that perioperative 
analgesic management with continuous epidural analgesia started preoperatively 
reduced the incidence of myocardial ischemia in elderly patients with hip fractures 
surgery. These result due to sympatholytic effect of local anaesthetic, which in the 
same time relieves pain and decreases the stress response in perioperative period.

Performing epidural and spinal anaesthesia may be more difficult in elderly patients.
It is often not easy to position the elderly patient appropriately in the lateral posi-

tion, and frequently, these patients have degenerative changes of the spine. Spinal 
(subarachnoid) anaesthesia is commonly used, with or without sedation.

Conceptually spinal anaesthesia for hip fracture fixation in elderly patients should 
be viewed distinctly from spinal anaesthesia for caesarean section in younger patients. 
Lower doses of intrathecal bupivacaine (< 10 mg) appear to reduce associated hypo-
tension. Co-administration of intrathecal opioids prolongs post-operative analgesia; 
fentanyl is preferred to morphine or diamorphine, which are associated with greater 
respiratory and cognitive depression.

Sedation may be provided, but should be used cautiously in the very elderly. 
Midazolam and propofol are commonly used. Ketamine may be used, theoreti-
cally to prevent hypotension, but may be associated with post-operative confusion. 
Supplemental oxygen should always be provided during spinal anaesthesia.

To achieve general anaesthesia in this group of patients, reduced doses of intrave-
nous induction agents should be administered. Inhalational induction is well tolerated 
by the elderly and allows for maintenance of spontaneous ventilation. There remains 
debate about whether mechanical ventilation is preferred to spontaneous ventilation. 
Paralysis and tracheal intubation are associated with greater physiological derange-
ment than spontaneous ventilation, but proponents argue that mechanical ventilation 
reduces the risk of perioperative aspiration and allows greater control of arterial 
carbon dioxide levels. Intraoperative hypoxemia is common, and higher inspired 
oxygen concentrations may be required.

4.4 Beneficial effects of local anaesthetics

Local anaesthetics for spinal anaesthesia are not only used as drugs to block the 
sodium channel to provide analgesia and anti-arrhythmic action. Continuous infu-
sion of local anaesthetics has been shown to be the most efficient means to control 
post-operative pain. Local anaesthetics are the only drugs, which can block almost all 
the pain pathways involved in post-operative pain. Distribution of local anaesthetics 
after subarachnoid injection is shown in Figure 2. Efficient post-operative pain will 
not only improve patient’s well-being but also accelerate ambulation and decrease 
the incidence of the post-operative chronic pain syndrome. Interestingly, local 
anaesthetics also possess anti-inflammatory effects, which may open new indica-
tions in different medical settings. Recent research has focused on the use of i.v. local 
anaesthetics to improve bowel function after surgery or trauma, to protect the central 
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nervous system, to find new clues of local anaesthetic effect synchronic neuropathic 
pain and to investigate the long-term effect of anaesthesia/analgesia provided by local 
anaesthetics on cancer recurrence. There is growing evidence that local anaesthetics 
have a broad spectrum of indications aside analgesia and anti-arrhythmic effect. Most 
of them are still insufficiently known and investigated [18].

4.5 Adjuvants in regional anaesthesia

The adjuvants to neuroaxial anaesthesia and peripheral nerve blocks are used in 
clinical practice: opioids, vasoconstrictors, clonidine, N-methyl-D-aspartate (NMDA) 
antagonists, γ-aminobutyric acid (GABA) agonists, glucocorticoids, nonsteroidal 
anti-inflammatory drugs and neostigmine. Analgesia produced by neuraxial opi-
oids alone, or as adjuvants to local anaesthetics, has been demonstrated for acute 
post-operative pain, obstetric, paediatric and cancer pain [20]. Besides morphine, a 
number of different opioides and other adjuvants have been introduced to improve 
the efficacy of neuraxial/regional analgesia, including NMDA antagonists (ketamine, 
magnesium), GABA agonists (midazolam) and adrenergic agonists (clonidine, 
adrenaline), COX-inhibitors (ketorolac), acetyl-choline-esterase inhibitor (neostig-
mine), etc. Any drug given intrathecally rapidly redistributes within the CSF; opioid 
is detectable in the cisterna magna after lumbar intrathecal administration within 
30 min, even with lipophilic drugs like sufentanil.

Glucocorticoids are part of induction of anaesthesia in different clinical protocols 
achieving much improved analgesia and minimised inflammation with reduced opioid 

Figure 2. 
Application of local anaesthetics after subarachnoid injection.
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requirements and less adverse events after surgery. Dexamethasone is a long-lasting 
corticosteroid with effectiveness of 36–54 h [17]. Dexamethasone prolongs sensor 
and motor blockade with significantly reduced post-operative analgesic requirements, 
which means it can inhibit phospholipase-A2 and cyclooxygenase-2 expression during 
inflammation decreasing prostaglandin synthesis [18]. Dexamethasone administered 
intrathecally affects nuclear transcription in adrenergic receptors [19].

In the study by Bani-hashem et al., intrathecal addition of dexamethasone to 
bupivacaine for elective orthopaedic surgery on lower limbs significantly prolongs 
duration of sensory block and decreases opioid requirements in post-operative 
management. Administration of dexamethasone has the potential to inhibit a patient’s 
endogenous secretion of cortisol. Dexamethasone inhibits corticosterone binding 
to type II of adrenergic receptors in the pituitary gland passing through the cerebro-
spinal fluid bound to proteins. Irrelevant of the concentration, dexamethasone has a 
similar effect on type II of adrenergic receptors. It is possible to resorbs somewhere in 
the brain without effect on other types of receptors along the HPA axis not depending 
on the concentration [20]. Single shot of intrathecally administered dexamethasone 
with levobupivacaine received for surgical treatment of proximal femoral fractures 
reduces the stress response by decreasing plasma cortisol concentrations with longer 
lasting analgesic effect with better rehabilitation possibilities [21].

Based on a 2004 Cochrane systematic review of anaesthesia for hip fracture surgery, 
regional anaesthesia may reduce the incidence of post-operative confusion, the Scottish 
Intercollegiate Guidelines Network has produced the only recommendation concerning 
choice of anaesthetic technique, namely that ‘spinal, /epidural anaesthesia should be 
considered for all patients undergoing hip fracture repair, unless contraindicated’. Until 
such time as evidence is published that confirms regional anaesthesia is superior to 
general anaesthesia, the Working Party endorses this recommendation. This endorse-
ment is supported by a recent meta-analysis suggesting that regional anaesthesia is the 
technique of choice (although) the limited evidence available does not permit a defini-
tive conclusion to be drawn with regard to mortality or other outcomes [22].

5. Peripheral nerve blockade for perioperative pain

As explained above, the hip capsule is mainly innervated by the articular branches 
of the femoral and obturator nerve.

Blockade of the femoral, obturator and lateral cutaneous nerve of the thigh may be 
sufficient for perioperative analgesia for extracapsular fractures and some intracapsu-
lar fractures in trauma surgery.

When considering regional anaesthesia for hip surgery and pain management, 
there are several different approaches, such as lumbar plexus block/ psoas sheath 
block, lumbar plexus block/psoas compartment block, lumbar paravertebral block, 
femoral nerve block, superior gluteal nerve block/sciatic nerve block, spinal and 
epidural anaesthesia [23–26].

A very reliable method of blocking all three is the psoas compartment block, 
although this risks a degree of neuraxial blockade and formation of a deep haema-
toma in recently anticoagulated patients.

Anterior approaches (femoral nerve blockade/fascia iliaca compartment block) 
do not block all three nerves, but reduce post-operative analgesia requirement, and 
are more suitable to ultrasound-guided placement and continuous catheter infusions 
post-operatively. Moreover, in few studies, authors and their colleagues evaluated 
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that especially fascia iliaca compartment block is simple to perform, requires mini-
mal training and also is an effective substitute for conventional treatment of pain in 
elderly patients with hip fractures. Fascia iliaca compartment block is starting to be 
used as a routine technique for clinically diagnose hip fracture in the emergency room 
in various clinical centres in Europe [3].

5.1 Performing the fascia iliaca compartment block (FICB)

The fascia iliaca compartment is a virtual space anteriorly limited by the posterior 
surface of the fascia iliaca, posteriorly by the iliacus muscle, and is cranially in continuation 
with the space between quadratus lumborum muscle and its fascia. Three important nerves 
for hip innervation and sensory innervation of the thigh are located in this space, the femo-
ral nerve, obturator nerve and lateral femoral cutaneous nerve. Lateral femoral cutaneous 
nerve is a merely sensory nerve originating from the lumbar plexus (L2–L3), emerging 
from the lateral side of the psoas major muscle and crossing the iliacus muscle obliquely, 
continuing towards anterior superior iliac spine and passing under the inguinal ligament 
through the lacuna musculorum. It then divides into anterior branch responsible for sen-
sory innervation of the anterior and lateral thigh as far as the knee, and posterior branch 
that passes backwards and innervates the skin superior to the greater trochanter down to 
the middle of the thigh. Additionally, the obturator nerve crosses through the psoas muscle 
and can be variably blocked by this type of approach. Landmarks for orientation when 
performing FICB are the anterior superior iliac spine and the pubic tubercle (inguinal liga-
ment). When performing the infra-inguinal approach, this area is divided into thirds, and 
the injection site is located 1–2 centimetres below the inguinal ligament between the lateral 
and middle third. It can be performed without ultrasound guidance. When performing 
without ultrasound guidance, a characteristic ‘2 pops’ are felt that indicate access into 
the compartment. A study reported an increased frequency of sensory loss in the medial 
aspect of the thigh when using ultrasound-guided FICB. Similarly, ultrasound guidance 
increased the frequency of femoral and obturator motor block. Literature also depicts 
a supra-inguinal ultrasound-guided approach [23]. A supra-inguinal FICB produces a 
more complete sensory block of the medial, anterior and lateral region of the thigh when 
compared to infra-inguinal FICB. Likewise, supra-inguinal FICB leads to a more consistent 
spread in the cranial direction, thus spreading the anaesthetic more consistently towards 
the lumbar plexus and three targeted nerves. Authors suggest that a sufficient volume 
to reach femoral nerve, obturator nerve and lateral femoral cutaneous nerve using FICB 
should be 40 mL. However, the supra-inguinal approach has a superior post-operative 
analgesic efficacy compared with infra-inguinal approach along with significantly less 
morphine consumption in the first 24 hours following total hip arthroplasty. Figure 3a and 
3b show positioning and longitudinal imaging for ultrasound guided proximal FICB, an in 
plane approach. Absolute contraindications for this technique are patient’s unwillingness to 
consent to the procedure, known allergy to local anaesthetics, local anaesthetic injection, 
which has already approached the maximum dosage, previous femoral bypass surgery or 
close positioning of a graft, local infection at the injection site and relative contraindica-
tions are use of anticoagulant therapy with INR >1.5, with need for consideration of recent 
clopidogrel/high-dose aspirin/low-molecular-weight heparin consumption.

Studies report on paramedics performing FICB on patients with suspected hip fracture 
at the scene of injury as well [24]. A systematic review on efficacy of prehospital analgesia 
with FICB for femoral fractures concluded that FICB is suitable for use in the prehospital 
environment for pain management, with few adverse effects, and can be performed with 
a high success rate by practitioners of any background. FICB proved to provide superior 
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analgesia compared to intravenous use of fentanyl before positioning patients for spinal 
anaesthesia when undergoing surgery for femoral neck fractures of all types. Also, FICB 
reduced morphine requirement preoperatively for patients with femoral neck fractures, 
which can be indicated for hip arthroplasty, hip arthroscopy and burn management of 
the region innervated by nerves blocked by FICB as well. A study reports on reduced 
morphine consumption after total hip arthroplasty when a longitudinal high-dose supra-
inguinal fascia iliaca compartment block was used. Furthermore, continuous femoral 
block was compared with FICB in patients undergoing hip arthroplasty, and it was 
concluded that both techniques have equivalent post-operative analgesic efficacy without 
any difference in functional outcome. Additionally, it was concluded that the fascia iliaca 
compartment catheter can be placed more quickly than the femoral nerve catheter, but 
the onset time of sensory and motor blockade is longer when performing the FICB.

5.2 Critical evaluation of quadratus lumborum block

Quadratus lumborum block (QLB), referred to as the ‘interfascial plane block’, was 
first described in 2007 as a block of the posterior abdominal wall performed exclusively 
under ultrasound guidance. It was defined as a variant of a transversus abdominis 
plane block for a wider analgesia distribution and long-lasting post-operative analgesia. 
Thoracolumbar fascia (TLF) embeds a thick network of sympathetic neurons and plays 
an important role in QLB analgesia. However, the true mechanism of analgesia of the 
QLB is not yet clarified. Local spread of anaesthetics along the TLF is assumed to be 
accountable for part of the analgesia. Literature describes four different types of QLB 
depending on the needle tip positioning in relation to QL muscle—anterior, posterior, 
lateral and intramuscular QLB. In anterior QLB, local anaesthetic is applied in front of 
the QL muscle, at the level of its attachment to the transverse process of the L4 vertebra. 
In intramuscular QLB, local anaesthetic is applied directly into QL muscle.

When considering hip surgery and post-operative management, the anterior QLB 
may play a role in analgesia. It can be performed in a manner that the patient is placed 
into a lateral position with the needle inserted through the QL in an anteromedial 
direction. QLB 3—anterior/transmuscular: LA applied in front of the QL muscle, at 
the level of insertion—transverse process of L4 vertebra.

Figure 3. 
(a) Positioning for ultrasound guided proximal FICB. In plane approach with longitudinal (coronal) imaging. 
(3b) Longitudinal imaging for ultrasound guided fascia iliaca block.
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The local anaesthetic is injected between the QL muscle and psoas major muscle 
under ultrasound guidance with dosage in the range of 0.2 to 0.4 ml/kg of 0.2 to 0.5% 
ropivacaine or 0.1 to 0.25% bupivacaine per side is recommended, minimum 15 mL 
of solution, and one must be aware on highly vascular region [27]. Figure 4 shows 
the scanning technique to identify QL, PM and erector spinae muscles at the level of 
transverse process (TP) with correlating ultrasound image on the right.

Few cases have shown QLB to be beneficial in the management of proximal femo-
ral fractures in high-risk geriatric patients and a patient that underwent hemiarthro-
plasty after a femoral neck fracture. Few studies also suggest that QLB might provide 
similar analgesia in comparison with lumbar plexus block for total hip arthroplasty. 
A role for QLB is in multimodal pain management for hip surgery patients due to 
its potential for analgesic effectiveness and preservation of muscle strength, which 
makes it less likely to impair early functional rehabilitation. To summarise, QLB 
has shown potential for use in hip surgery perioperative pain management, but still 
lacks sufficient data from prospective studies to be accepted as a reliable treatment 
approach. Pre- or post-operative peripheral nerve blockade may be used to supple-
ment either general or spinal anaesthesia.

6. Monitoring

Minimum standards for monitoring during the surgery include the continuous 
presence of the anaesthetist, pulse oximetry, capnography, electrocardiography ECG 
and non-invasive blood pressure monitoring. Core temperature monitoring should 
be used routinely. Further monitoring equipment such as invasive blood pressure 
monitoring, central venous pressure (CVP), cardiac output, bispectral index (BlS) 
and cerebral oxygen saturation depends of patient’s comorbidities.

7. Supplemental pain relief

Regular paracetamol administration should continue throughout the perioperative 
period. Non-steroidal anti-inflammatory drugs should be used with extreme caution 

Figure 4. 
Scanning technique to identify QL, PM and erector spinae muscles at the level of transverse process (TP) with 
correaltin ultrasound image on the right.
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in hip fracture patients and are contraindicated in those with renal dysfunction. 
Similarly, opioids (and tramadol) should be used with caution in patients with renal 
dysfunction: oral opioids should be avoided, and both, dose and frequency of intrave-
nous opioids should be reduced (e.g. halved). Codeine should not be administered, as 
it is constipating, emetic and associated with perioperative cognitive dysfunction.

8. Conclusion

Hip replacement made of experienced surgeon is the best analgesic for hip frac-
tures. Regional anaesthesia is essential for hip arthroplasty programmes depending on 
anaesthetist’s experience and choice. Good analgesia and the avoidance of post-oper-
ative nausea and vomiting (PONV) are prerequisites for early ambulation and patient 
compliance with post-operative protocols. Regional anaesthesia, both neuraxial and 
peripheral blocks, is superior to systemic opioid analgesia at all-time points in the first 
3 days following surgery and by avoiding opioids the risks and incidence of opioid 
analgesia is removed. Early ambulation is a key part of the management of patients 
with hip fractures. Safety of drugs for intrathecal injections and complications from 
spinal anaesthesia continue to be examined and re-examined in order to improve 
the safety of the technique. More studies will be needed to further understand and 
improve the clinical use of spinal anaesthesia.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Anesthesia for Hip Replacement
Jonathan Montomoli, Raffaele Mitri and Emiliano Gamberini

Abstract

The improvement of surgical and anesthesia techniques has markedly extended 
the range of patients undergoing hip replacement both in terms of age and comorbid-
ity. Hence, the risk of perioperative complications has increased ranging from hemor-
rhages, postoperative delirium, incomplete pain control, hypotension, and others. In 
this regard, a personalized approach from the preoperative evaluation to the choice of 
the type of anesthesia and the pain control strategy is preferred in order to minimize 
the risk of complications and accelerate patient’s recovering time. In this chapter, we 
aim to describe different options and propose different possible approaches for the 
possible scenarios in the light of the existing evidence in the field.

Keywords: general anesthesia, regional anesthesia, hip replacement, complications

1. Introduction

Total hip replacement is one of the most widespread and invasive orthopedic 
procedures worldwide [1]. In 2007, in the United States, 300,000 surgeries were 
performed. In the same year, from 50 up to 250 replacements for 100,000 people were 
carried out in Europe [2]. Total hip replacement has been performed since the 1970s, 
and upon an appropriate selection of patients, it significantly improves the quality 
of life by relieving the pain and functional disability experienced by patients with 
moderate-to-severe arthritis of the hip [2]. Moreover, it is a highly cost-effective pro-
cedure [3]. The main indication for surgical treatment remains osteoarthritis, which 
is particularly disabling among the elderly and obese patients who represent the most 
prevalent candidates. The other most common indications are:

• primary hip’s arthrosis

• rheumatoid arthritis or seronegative autoimmune forms

• femoral epiphysis aseptic osteonecrosis

• post-traumatic arthrosis (results of fractures-dislocations of the femur and/or pelvis)

• secondary arthrosis (associated either with congenital hip dysplasia or with 
epiphysiolysis or septic arthritis)

• femoral neck’s subcapital fractures
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Notably, apart from fractures, surgery is, however, recommended only in the event 
that one of the mentioned pathologies is present in association with severe pain or 
stiffness that limits daily activities, such as walking, getting up or sitting down, and 
dressing. Hip prostheses have been performed successfully at all ages, from the young 
adolescent with juvenile arthritis to the elderly patient with degenerative osteoarthritis 
[4]. Most of the patients undergoing total hip replacement are between the ages of 
50 and 80. However, there is no absolute age or weight limitation for the prosthetic 
surgery of the hip. The duration of the implants should also be considered; although 
it has been estimated that roughly 58% of hip replacements will last 25 years [5], their 
lifespan may markedly vary depending on several factors, being obesity the major 
cause of a minor longevity of the prosthesis. The indication for surgery is given on the 
basis of the pain reported by the patient as well as in relation to the degree of disability.

2. Preoperative evaluation

2.1 General considerations

According to the guidelines provided by the European Society of Anesthesia and 
Intensive Care (ESAIC) for noncardiac surgery, patient’s eligibility for surgery should 
not be based exclusively on strict criteria related to surgery indication, patient’s age, 
weight, and comorbidity, but it is the result of patient’s multidimensional assessment 
with the aim to evaluate the patient’s capacity to face and recover from surgery and 
anesthesia. Such assessment includes the evaluation of the presence and the degree of 
severity of cardiovascular and respiratory diseases, smoking habit, obstructive sleep 
apnea syndrome (OSAS), kidney diseases, diabetes, obesity, liver diseases, and alcohol 
abuse [6]. The assessment of the American Society of Anesthesiologists (ASA) physi-
cal status classification system and patient’s functional capacity, expressed in terms of 
metabolic equivalents of task (METS) used to assess energy cost for physical activities 
or exercise capacity, are two pivotal tools in the evaluation of all patients but may 
not be sufficient [7, 8]. Interestingly, although the absolute risk for 90-day mortality 
following total hip replacement is small, a significant increased relative risk has been 
reported for patients with osteoarthritis younger than 60 and without comorbidity 
when compared with subject with the same characteristics not undergoing hip sur-
gery [9]. Such increased risk disappears in the long term. On the contrary, there is no 
increased risk for mortality both in the short and long terms for patients older than 60 
and with mild-to-severe comorbidity burden [9]. Such findings indicate that although 
total hip replacement is a low-risk procedure, it still imposes a risk that becomes most 
evident in patients with a low baseline mortality risk. The increased relative risk 
among patients who are young or with a good preoperative prognostic profile may 
reflect patient-related factors, such as obesity, which may be associated with both 
the development of osteoarthritis at a young age and an increased procedure-related 
risk of adverse outcome, including death, as well as system-related factors that might 
include a lower level of awareness by health professionals toward the prevention, 
detection, and treatment of thromboembolic complications in patients considered to 
have a low risk. In addition, relevant comorbidities associated with an increased risk 
of postoperative mortality, such as liver disease [10], may be undiagnosed in young 
patients and lead to an inaccurate estimate of the patient’s general conditions. Another 
possible explanation may be the fact that any surgical procedure carries a risk, which, 
added to a small baseline risk in these patients, results in a high relative mortality.
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In conclusion, a systematic preoperative multidimensional assessment of patients 
undergoing hip replacement should be routinely adopted to detect unrecognized disease 
and risk factors that may increase the risk associated with the surgical procedures and/
or anesthesia techniques above baseline and to propose strategies to reduce this risk.

2.2 Cardiovascular disease

According to the guidelines of the American College of Cardiology (ACA)/
American Heart Association (AHA) Task Force, surgical interventions can be classified 
into three categories according to the risk associated with the procedure itself [11]:

• High risk: major surgery in urgency, especially in the elderly, aortic and periph-
eral arterial vascular surgery, prolonged surgical procedures, and/or associated 
with significant volume changes.

• Intermediate risk: carotid thromboendarterectomy, thoracic and abdominal 
surgery, head and neck surgery, orthopedic procedures, and prostate surgery.

• Low risk: endoscopic procedures, surface surgical procedures, cataract surgery, 
and breast surgery.

Similarly, patients can be stratified in three categories based on the presence of 
risk factors for perioperative complications:

• Major risk factors: unstable coronary syndromes, acute myocardial infarction 
(<30 days) with clinical or instrumental evidence of residual ischemia, unstable 
or disabling angina, heart failure with acute pulmonary edema, severe valvopathy 
and arrhythmias, atrioventricular block (Mobitz 2 > 2: 1; complete atrioventricular 
block), and supraventricular arrhythmias with uncontrolled ventricular response.

• Intermediate risk factors: stable or controlled angina, previous myocardial infarc-
tion, compensated heart failure or previous heart failure, and diabetes mellitus.

• Minor risk factors: advanced age, abnormal electrocardiogram (ECG) (left 
bundle branch block, left ventricular hypertrophy, repolarization’s abnormali-
ties, nonsinus rhythm), reduced functional capacity, previous cerebral infarc-
tion, and arterial hypertension not controlled by medical therapy or not treated.

The recommendations provided by the AHA/ACC and the ESAIC can be sche-
matically summarized for patients undergoing elective hip replacement as follows: 
patients with major risk factors require immediate cardiological evaluation, which, in 
most cases, will lead to myocardial revascularization, valve surgery, or modification 
of current medical therapy. In this case, the surgery can only be postponed unless it is 
considered an emergency and, therefore, undelayable. Patients with intermediate risk 
factors can undergo elective surgery without additional investigations if their func-
tional reserve is at least moderate, and the proposed intervention is at (low or) inter-
mediate risk such as hip replacement. The use of the risk calculator of the American 
College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) 
is a recommended tool for cardiac perioperative risk stratification. In addition, the 
assessment of high-sensitivity cardiac troponins in high-risk patients 48 hours before 
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and 72 hours after major surgery is recommended to detect preexisting or postopera-
tive cardiac failure [12]. Therapy with beta blockers should be continued throughout 
the perioperative period, mostly in patients who have known ischemic heart disease 
or myocardial ischemia. In patients treated with acetylsalicylic acid, the discontinu-
ation of the therapy should be considered in the perioperative period and should be 
balanced among the risk of bleeding and the risk of thrombotic complications. For 
patients undergoing hip replacement, the execution of a baseline electrocardiogram 
(ECG) in the preoperative period should be mandatory. In the case of patients belong-
ing to the minor-risk class of cardiovascular risk (i.e., elderly patients and patients 
with a traumatic femur or pelvis fracture) with indication for hip replacement, 
prolonged monitoring outside the operating room (recovery room/ICU) is strongly 
recommended, as a good clinical practice to reduce the overall postoperative risk.

2.3 Respiratory disorders

Since chest radiograph rarely alters the perioperative management, it should not be 
included among the routine investigations. Similarly, spirometry is not recommended 
as a preoperative routine examination in all patients affected by respiratory problems. 
On the contrary, patients with obstructive sleep apnea syndrome (OSAS) should be 
evaluated carefully for potentially difficult airway in the need of ventilatory support or 
endotracheal intubation. History of previous surgical procedures and referred difficult 
airway should be investigated especially in patients with diagnosed or suspected OSAS. 
The use of specific questionnaires to screen for patients with OSAS is recommended 
when polysomnography (gold standard) is not available. In particularly, among others, 
the STOP-BANG questionnaire is the most sensitive, specific, and best validated score 
[13]. Perioperative continuous positive airway pressure (CPAP) must be continued 
in patients with OSAS to reduce hypoxic events. Moreover, patients with suspected 
or diagnosed OSAS receiving sedative or general anesthesia during or before surgery 
should be monitored in the immediate postoperative phase. Of note, stop smoking at 
least 4 weeks prior to surgery reduces postoperative complications [14].

2.4 Management of antiplatelets/anticoagulant drugs

The perioperative management of anticoagulant therapy is cumbersome due to 
the complexity of the issue, as well as the simultaneous need to balance the risk of 
bleeding and the risk of thromboembolic events. On the one hand, surgery should 
be performed when coagulation is almost normalized to limit the risk of bleeding 
complications from excessive anticoagulation both during surgery and in the post-
operative period. On the other hand, it is necessary to limit as much as possible the 
interval between the suspension and the restoration of the anticoagulant therapy in 
order to avoid thromboembolic complications.

A rational approach to the management of anticoagulant therapy should be 
multidisciplinary and involves the other specialists aiming to carefully evaluate the 
rationale of the ongoing therapy, the risk of bleeding related to the specific surgical 
procedure, and the risk of the patient to develop thromboembolic or hemorrhagic 
events during the complete or suboptimal anticoagulation therapy in the periopera-
tive phase. Taken all together, the final decision should also consider all the thera-
peutic tools available that are able to modify the coagulation cascade in relation to the 
specific clinical context [15–18]. Many patients undergoing total hip replacement are 
on antiplatelet therapy, generally, with low-dose acetylsalicylic acid, ticlopidine, or 
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clopidogrel, more rarely with dipyridamole, indobuphene, or picotamide monohy-
drate. As for beta blockers, acetylsalicylic acid should be continued in the periopera-
tive period, and its use is associated with a lower incidence of myocardial ischemia in 
the absence of a substantial increase in surgical bleeding [15]. In general, for medium- 
and high-risk procedures, clopidogrel should be routinely stopped 7 days before 
surgery with an exception for patients at high risk of thromboembolic events in whom 
an interval of 5 days before surgery is recommended and, if available, a platelet func-
tion test should be performed to evaluate an adequate platelet function. However, the 
ACC/AHA Task Force suggests that hip replacement surgery can be safely performed 
without stopping clopidogrel perioperatively [19]. Ticlopidine is the antiaggregant 
of choice in patients that are intolerant and/or allergic to acetylsalicylic acid. The 
antiplatelet effect persists for over 8 days after stopping the drug. The management 
of ticlopidine therapy in the perioperative period is not codified. For elective hip 
surgery, it is recommended to discontinue ticlopidine therapy, whereas for emergency 
procedures, in the case of significant bleeding risk, it would be preferable to perform 
a platelet transfusion of platelet concentrates [20, 21]. In view of the limited number 
of relevant publications, it is difficult to release recommendation regarding the 
perioperative management of antiplatelet therapy with dipyridamole, indobufen, and 
picotamide. Although some cases of epidural hematoma after locoregional anes-
thesia have been described in patients receiving acetylsalicylic acid or nonsteroidal 
anti-inflammatory drugs, the incidence of this complication does not appear to be 
significantly increased in patients treated with antiplatelet drugs [22, 23]. According 
to the existing knowledge, locoregional anesthesia is considered suitable for patients 
on antiplatelet therapy [15, 24]. Similar conclusions may not be drawn for ticlopidine 
because there is not yet sufficient evidence in the literature. Regarding patients 
treated with low-molecular-weight heparin (LMWH), heparin should be suspended 
based on the dosage administered depending on its use as prophylaxis or therapeutic 
of thromboembolic events. For hip replacement surgery, a 12-hour interval before 
surgery is recommended when LMWH is used at prophylactic dose. Noteworthy, 
when a therapeutic dose of enoxaparin (1 mg/kg) is used, a 24-hour interval is recom-
mended. The LMWH can be generally resumed at least 12 hours after hip replacement 
surgery. The new oral anticoagulants (NAO or DOAC) are a recent class of drugs 
that act by selectively inhibiting a single coagulation factor, either II or X (Table 1), 
unlike the antivitamin K antagonists (AVK) Warfarin and Acenocoumarol, which act 
on several factors at the same time (VII, II, IX, and X). DOACs have been introduced 

Dabigatran Rivaroxaban Apixaban Endoxaban

Mechanism of 
action

Direct,reversible inhibitor of 
free anc clot-bound thrombin

Direct, reversible inhibitors of free and 
prothrombinase bound factor Xa

Bioavailability 3–7% 80–100% 50% 62%

Protein binding 35% 92–95% 87% 55%

Primary clearance 80% renal 67%renal 56%fecal 50%renal

Tmax 1.5–3 hours 2–3 hours 3–4 hours 1–2 hours

Half-life* 12–14 hours 5–13 hours 12 hours 10–14 hours

Abbreviation: Tmax, time to peak drug concentration after dose.
*Half-life varies with renal function, with increasing half-life, with increased renal impairment.

Table 1. 
Mechanisms of action and characteristics of new oral anticoagulants.
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into clinical practice for the prevention of stroke and systemic thromboembolism 
in patients with atrial fibrillation and for the prevention and treatment of venous 
thromboembolism. Currently, the DOACs approved by the European Medicines 
Agency (EMA) on the market are the following:

• Dabigatran etexilate: anti-IIa.

• Rivaroxaban: antiXa.

• Apixaban: antiXa.

• Edoxaban: antiXa.

Table 1 summarizes the mechanisms of action of DOACs. Table 2 reports the 
withdrawal times in relation to surgery and renal function.

2.5 Patient blood management and preoperative blood conservation strategies

Anemia is frequent among patients undergoing hip replacement, and its preva-
lence has been estimated to be up to 25% in patients undergoing hip surgery and 
markedly increased in the postoperative [25, 26]. The main causes of preoperative 
anemia are summarized in Table 3. Preoperative anemic patients are more likely to 
receive allogeneic blood transfusions than nonanemic patients. It has been suggested 
that preoperative anemia and increased blood transfusion rates were independently 
associated with an increased risk of perioperative adverse outcomes, such as increased 
postoperative infections, increased hospital length of stay, and increased mortal-
ity [27]. Large variability in clinical practice in patient blood management in major 
orthopedic surgery has been described despite orthopedic surgery is one of the field 
with the greatest tradition in these programs [26]. Moreover, among patients with 
anemia, the currently available evidence does not support the use of liberal red 
blood cell transfusion thresholds based on a 10 g/dL hemoglobin trigger in prefer-
ence to more restrictive transfusion thresholds based on lower hemoglobin levels 
or symptoms of anemia in patients undergoing hip fracture surgery [28]. However, 
criticism on the randomized clinical studies on blood transfusion threshold has been 
raised regarding the study design and the fact that the decision to transfuse should 
not be based only on hemoglobin concentrations [29]. Moreover, recent studies using 

Creatinine 
clearance

Dabigatran Apixaban-Rivaroxaban-Endoxaban

Low risk 
surgery

High risk 
surgery

Low risk 
surgery

High risk 
surgery

> = 80 mL/min > = 24 hours > = 48 hours > = 24 hours > = 48 hours

50-80 mL/min > = 36 hours > = 72 hours > = 24 hours > = 48 hours

30-50 mL/min > = 48 hours > = 96 hours > = 24 hours > = 48 hours

15-30 mL/min Not indicated Not indicated > = 36 hours > = 48 hours

Table 2. 
Summary of withdrawal time of new oral anticoagulant stratified by renal clearance and type low versus high 
risk surgery.
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sublingual microcirculation monitoring have shown that in critically ill patients with 
microcirculatory impairment, blood transfusion is able to improve the microcircula-
tion regardless of hemoglobin levels [30, 31]. On the contrary, among patients with 
normal microcirculation, there are no changes regardless of hemoglobin concentra-
tion [30, 31]. Finally, the treatment of preoperative anemia with iron, with or without 
erythropoietin, and perioperative cell salvage has been reported to decrease the need 
for blood transfusion [27].

A patient blood management protocol should be adopted in each center and 
updated regularly. Where feasible, patients programmed for elective surgery should 
receive a blood count no more than 30 days before surgery, and anemic patients 
should be referred to the specialist to investigate and treat anemia. The reports of the 
blood chemistry tests and martial balance are the most common tests for the evalu-
ation of preoperative anemia. The dosage of ferritin, transferrin saturation, and sider-
emia allow, together with the complete blood count, to make a differential diagnosis 
of anemia and to personalize the preoperative therapy. Figure 1 shows a proposed 
protocol for patient blood management in the preoperative phase.

For the treatment of anemia, there are both intravenous (IV) and oral prepara-
tions. Iron sulfate, iron gluconate, and ferric carboxymaltose are the most common in 
use. Ferric carboxymaltose is usually preferred since it penetrates the bone marrow 
faster than the other preparation and more rapidly raises the level of serum hemoglo-
bin. This preparation is for intravenous administration only (Table 4).

The erythropoiesis stimulating agents (erythropoietin) represents another 
therapeutic strategy in the patient blood management. The most important indication 
for the use of erythropoietin perioperatively is the optimization of autologous dona-
tion, when indicated or to reduce exposure to allogeneic blood transfusions in adult 
patients undergoing major elective orthopedic surgery who are at high risk of massive 
transfusion or for whom a predeposit autologous donation is not available and a blood 
loss of more than 1000 mL is expected. There are two possible schemes for the use of 
erythropoietin:

Insufficient iron intake Malnutrition, vegetarian diet, vegan diet

Reduced absorption Gastrectomy,

Duodenal bypass, bariatric surgery

H.p. infection, celiac disease

Atrophic gastritis,

Inflammatory bowel disease

Chronic blood loss Gastrointestinal benign and malignant lesions,

Drugs (salicylates,nonsteroidal anti-inflammatory drugs, corticosteroids)

Chronic inflammatory bowel diseases

Polymenorrhea, bladder polyposis

Congenital hemorrhagic telangiectasia

Periodic blood donation

Other conditions Chronic renal failure, heart failure

Table 3. 
Main cause of anemia in patients undergoing hip surgery.
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• DIAGRAM 1: Erythropietin 600 U/kg (40.000 U) weekly on days: −21, −14, −7, 
and on the day of surgery

• DIAGRAM 2: Erythropoietin 300 U/kg (20.000 U) daily from day −10 to day +4 
of the surgery.

Figure 1. 
One of the possible protocols to adopt in the preoperative evaluation of patients undergoing hip surgery inside a 
patient blood management program.

Hb g/dl Patients with body weight between 35 Kg and < 70 Kg Patients with body weight > 70Kg

<10 1500 mg 2000 mg

>/= 10 1000 mg 1500 mg

Table 4. 
The cumulative dose of ferric carboxymaltose to be administered on the basis of body weight and hemoglobin levels.
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2.6 The geriatric patient

With the aging of the population and the improvement of surgical and anes-
thesia techniques, the prevalence of elderly patients undergoing hip replacement is 
growing. In this scenario, the assessment of the functional status become essential, 
preferably through comprehensive geriatric measures to identify patients at risk and/
or to predict postoperative complications. It is strongly recommended to assess the 
level of independence using validated tools such as basal and instrumental activities 
of daily living. Comorbidities and multiple morbidities become more frequent with 
aging and are related to increased postoperative morbidity and mortality. It is very 
useful to assess multiple morbidities using age-adjusted scores, such as the Charlson 
comorbidity index [32, 33]. Elderly patients also take various combinations of drugs 
(mainly anticholinergics or sedative-hypnotics) increasing the risk of pharmaco-
logical interactions with other drugs administered during the hospital admission 
such as sedative, analgesic, etc. Moreover, these multiple associations often induce 
unwanted symptoms such as fatigue, anxiety, and delirium, increasing periopera-
tive mortality [34]. It is recommended to consider appropriate perioperative drug 
adjustments by systematically performing the BEERS Criteria for the evaluation of 
multiple preoperative therapy [35]. Cognitive impairment and depression are com-
mon and often underestimated. They can affect patients’ ability to understand, thus 
hindering the full comprehension of the informed consent. The multidimensional 
geriatric evaluation and teamwork with orthopedics and geriatrics is fundamental. 
Sensory impairment weakens communication and is associated with postoperative 
delirium (POD). The assessment of sensory disability should be performed, and the 
time spent in the perioperative setting without sensory aids should be minimized. 
Furthermore, malnutrition is relatively common in the elderly, and its impact is often 
an underestimated factor leading to complications [36]. Malnutrition may also coexist 
with obesity, further increasing the negative impact on prognosis. Moreover, obesity 
is associated with an increased risk of kidney damage [37]. The assessment of the 
nutritional status is very important in order to reduce the duration of hospitalization 
and shortening the recovery time and must be performed in patients at risk before 
invasive maneuvers are performed. Finally, as fragility is a known state of extreme 
vulnerability, frailty assessment in a structured and multimodal way such as the Fried 
Score or the Edmonton Frailty Scale, avoiding single surrogate measurements, is also 
strongly recommended.

2.7 The obese patient

Obesity is associated with metabolic alteration and promote organ failures that 
should be investigated during the preoperative evaluation. In the preanesthesia evalu-
ation of the obese patients, the evaluation of the airways is among the most important 
aspects. In addition to the classic Mallampati scale, the evaluation should also include 
the STOP-BANG questionnaire [13]. Oximetry and/or polysomnography are second-
level exams in the overall assessment of OSAS. A neck circumference of at least 43 cm 
and a high Mallampati score are predictors of both difficult intubation and ventila-
tion. The use of perioperative CPAP is strongly recommended to reduce respiratory 
complications after surgery.
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3. Intraoperative management and anesthesia techniques

3.1 General considerations

There are several validated and safe anesthesia strategies for total hip replacement. 
In particular, hip replacement represents a challenge for the anesthesiologist who would 
practice a “tailored” technique, always evaluating the ratio between risk and benefits.

3.2 Monitoring fluid and transfusion administration

All anesthesia techniques may undergo complications. Patient monitoring can-
not prevent all adverse events, but there is clear evidence that its application reduces 
perioperative risks [38, 39]. Total hip replacement surgery can be performed either 
under general or locoregional anesthesia, and the monitoring must clearly follow 
standards. All patients should receive electrocardiographic tracing, pulse oximeter, 
and frequency monitoring. Blood pressure can be reached by noninvasive measure-
ment every 3–5 minutes, otherwise by different interval according to the clinician’s 
opinion [40]. Additional monitoring such as invasive blood pressure, echocardiog-
raphy, central venous pressure, cardiac output, or other derivative parameters can 
be adopted in high complexity patients [40, 41]. During general anesthesia and deep 
sedation, patient’s ventilation must be monitored continuously by capnometry in 
order to confirm a correct ventilation, wherein signs such as respiratory excursions, 
respiratory rate, and chest auscultation can integrate instrumental monitoring. 
Although often patients undergoing hip replacement surgery are in spontaneous 
breathing, capnometry can be used in these cases. Patient’s body temperature should 
also be monitored during anesthesia or sedation in order to minimize patient’s 
discomfort and risk of bleeding. Temperature monitoring and active control systems 
should be systematically used either in subjects particularly vulnerable to the risk 
of unintentional hypothermia, such as children and elderly, or during long-lasting 
procedures with extensive tissue exposure [41]. When neuromuscular blockers are 
administered, a peripheral stimulator must be available for the monitoring of neu-
romuscular transmission, and the resumption of normal activity must be measured 
by the train-of-four (TOF) monitoring. In the last 15 years, specific brain monitoring 
systems have been introduced into clinical practice. They are based on the analysis of 
electroencephalogram (EEG) processing or on evoked potentials. However, their use 
in the routine cannot be considered an integral part of standard monitoring although 
their use is strongly recommended during total intravenous anesthesia. However, 
the literature on the possibility of preventing intraoperative awareness using brain 
monitoring is quite controversial [42, 43]. The use of goal-directed fluid protocols in 
intermediate-risk patients undergoing hip replacement was studied in few clinical tri-
als. A fluid protocol based on pulse pressure variation (PPV) assessed using continu-
ous invasive arterial pressure measurement seems to be associated with a reduction in 
postoperative complications and red blood cell transfusion as compared to standard 
no-protocol treatment [44, 45]. The goal-directed fluid therapy can be guided, in 
addition to standard monitoring (invasive blood pressure), with devices using pulse 
contour analysis able to extrapolate the main hemodynamic parameters from the 
analysis of the pressure wave. Some studies show that by maximizing the stroke 
volume and the oxygen delivery index, there is a reduction of postoperative complica-
tion and a reduction of hospitalization [44, 45]. The rotational thromboelastometer 
is a point-of-care instrument that studies the viscoelastic properties of whole blood 
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and graphically displays the properties of the clot and its kinetics, from formation to 
lysis. In particular, it determines the clotting time, the initial time of fibrin formation, 
the kinetics of fibrin formation and clot development, the strength and stability of 
the clot, the lysis time, and the platelet function. The thromboelastometer is indicated 
for the diagnosis, treatment, and monitoring of hemostasis during perioperative 
bleeding. Among the most frequent causes of bleeding, fibrinolysis is an important 
one and may be prevented by the infusion of tranexamic acid (TXA) before surgery. 
Tranexamic acid (TXA) is a synthetic substance, structurally attributable to the 
amino acid lysine. Tranexamic acid blocks the lysine binding site on the fibrinolytic 
enzyme plasmin, which is essential for binding plasmin to fibrin. In this way, the 
fibrinolysis is blocked. TXA reduces blood loss and transfusion administration 
regardless of the surgical technique. With intravenous preoperative routine use these 
benefits were seen with both the anterior surgical approach and bilateral hip replace-
ment [46, 47]. The usual dosage of TXA consists of an initial dose of 10–15 mg/kg 
before surgery that may be followed by an infusion of 1 mg/kg/hour over 4–6 hours or 
by repeating the initial dose in the postoperative period according to the presence or 
high risk of bleeding. Recently, local TXA administration in total hip replacement has 
been investigated, but its use is still controversial. The local application of TXA has 
been suggested in the consideration of some potential advantages such as easy appli-
cation, directly affecting the bleeding site, minimizing systemic drug absorption, 
and, thus, reducing the potential complications of intravenous TXA administration. 
Local administration should be performed at the end of the surgery, once the fascia 
is closed, with local injection of 2 g of TXA [48]. In support of this practice, it has 
been reported that the intravenous use of TXA in total hip replacement significantly 
reduced blood loss and blood transfusion rates [49]. A recent study shows that the 
addition of oral TXA for 24 hours postoperatively does not reduce blood loss beyond 
that achieved with a single 1-g IV perioperative dose alone [50]. An assessment of the 
risks and benefits in patients is usually recommended. Indeed, in patients with previ-
ous thromboembolic events, over 60 years of age, female sex, or undergoing oncologi-
cal surgery, there is a hypercoagulability’s induction and may be not recommended 
to administer a dose following the initial bolus. As fibrinogen ensures clot formation, 
the preoperative dosage in patients undergoing elective hip surgery is strongly 
recommended. Its monitoring during intraoperative bleeding allows for an early 
supplementation. Fibrinogen’s concentrates are the most used molecules. The most 
recent published guidelines indicate the trigger levels of fibrinogenemia <1.5–2 g/L 
during massive bleeding. When the indication comes from the monitoring of coagula-
tion carried out through thromboelastographic and metric methods, there is a saving 
in the use of fibrinogen concentrates. In any case, the use of fibrinogen’s concentrate 
has been shown to have a better cost-benefit ratio. The most common dosage used is 
25–50 mg/kg. Intraoperative recovery (RIO) is a blood-saving technique used during 
intraoperative bleeding. This procedure allows one to reduce the risk of allogeneic 
transfusions [51]. The blood aspirated and anticoagulated goes into a reservoir, and 
from there, through filters for microaggregates, it passes into a cell separators bowl to 
be concentrated by centrifugation, washed with physiological solution and then rein-
fused. The RIO is indicated with a blood loss of at least 1000 mL or in any case when 
is expected a blood loss ≥20% of the global volemia, in patients with antibodies which 
may cause difficulties in transfusion from donor, and in patients who refuse donor 
blood transfusion. In the case of RIO, the reinfusion consists of red blood cells only. 
Therefore, in the case of recovery and reinfusion of large volumes, it is important to 
monitor the platelet count and coagulation [52].
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3.3 The importance of normothermia

The relationship between the extent of transfusion support and body temperature 
is now well established [53, 54]. Hypothermia during surgical procedures is produced 
by the combination of several factors that participate in the loss of body heat: low 
temperature in the operating room, administration of unheated fluids, alteration of 
the mechanisms of thermoregulation induced by anesthesia, and perspiratio insensi-
bilis mainly due to mechanical ventilation. A drop, even moderate, in body tempera-
ture is able to modify the physiological mechanisms of hemostasis by altering platelet 
function and inhibiting the temperature-dependent enzymatic reactions of coagula-
tion [55]. It has been demonstrated that even mild hypothermia (reduction of <1°C in 
body temperature) can increase blood losses by up to 16%, with a relative increase in 
the possibility of receiving transfusion therapy (22%) [53, 56]. For these reasons, it is 
fundamental to ensure the monitoring of the temperature in the operating room and 
the use of measures aimed at the prevention of hypothermia such as administration of 
heated fluids, dressing, and active heating.

3.4 Neuraxial strategies

Ideally, all neuraxial techniques for total hip replacement are validated. Therefore, 
the choice of the specific technique remains at the clinician’s discretion. Different 
techniques can be chosen in relation to the patient, the type of surgical access (e.g., 
anterior versus posterolateral approaches), and the presumed duration of the surgery. 
Among the neuraxial procedures, the following are included:

• single-shot spinal anesthesia

• epidural anesthesia

• combined spino-epidural anesthesia

• continuous spinal anesthesia

The single-shot spinal anesthesia is the most used technique. It allows one to 
keep the patient awake during the surgery, to reduce intraoperative time, and to 
minimize the administration of intraoperative analgo-sedative drugs, thus allowing 
for a more rapid discharge from the operating room and reduction of stay [57, 58]. 
The puncture site is usually at the L3/L4 level, and the most used anesthetic drugs 
are levobupicavaine or hyperbaric versus isobaric bupivacaine [59]. It is a clinician’s 
choice whether to perform a selective spinal or a total spinal anesthesia for both lower 
limbs. In any case, the most used dosages vary from 10 to 15 mg for both molecules. 
With the addition of adjuvant drugs (i.e., clonidine and/or morphine), the duration 
of anesthesia can be prolonged [60, 61]. Thin needles (27/25 gauge) with Whitacre 
tip type are less painful on insertion and reduce the number of local complications, 
such as headache or spinal hematoma [62]. Epidural catheter placement alone is rarely 
used in this type of surgery. The motor and sensory block necessary for the surgery 
phase can be reached with high doses of anesthetics. The needle normally used is 
the Thuoy needle (16/18G) through which a catheter is left in the epidural space. 
The catheter in place allows the anesthesia to be extended according to the clinician’s 
decision. Managing total surgery time with epidural anesthesia alone may increase 
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the risk of local anesthetic overload toxicity. Combined spino-epidural anesthesia 
allows for a rapid onset and, if the surgery is prolonged, to continue anesthesia and 
postoperative analgesia [63, 64]. For elderly patients with fracture surgery, both the 
general anesthesia and the combined spinal-epidural anesthesia are able to maintain 
a good anesthesia effect, but the combined spinal-epidural anesthesia is preferable 
as it may shorten the onset time and it has less impact on the patient’s hemodynamic 
parameters. In addition, combined spinal-epidural anesthesia is associated with lower 
incidence of complications [63, 64]. Continuous spinal anesthesia is rarely used in hip 
surgery. It represents a valid alternative to the combined technique as it guarantees 
an optimal anesthetic plan by reducing the dosage of local anesthetics. On the other 
hand, it is a procedure that requires an expert team who is familiar with the method 
[65]. The use of neuraxial anesthesia in routine hip surgery was associated with lower 
immediate postoperative pain scores, lower intraoperative, and immediate postop-
erative opioid requirements and may be associated with shorter anesthesia recovery 
time, without any major adverse events when compared with general anesthesia [66].

3.5 Peripheral nerve and fascial blocks

Nerve blocks consists of the injection of a local anesthetic around a nerve causing 
pain relief by interrupting transmission of pain signals from the peripheral nerves to 
the cortex. Nerve blocks for orthopedic procedures have been shown to facilitate the 
execution of surgery, improve pain control and sleep after surgery, and decrease hos-
pital stay [67, 68]. Nerve blocks may also reduce the need for other analgesic medica-
tions, thus limiting associated adverse effects. The hip area is innervated by branches 
of the lumbar plexus. The hip joint is supplied with femoral and obturator nerves, 
nerve to quadratus femoris, superior gluteal, and sciatic nerves. The dermatomal sup-
ply of the hip joint is typically from spinal nerve roots lumbar-4 to as low as sacral-2. 
The bony structures of the hip joint are supplied from spinal nerve roots lumbar-3 to 
sacral-1. It is difficult to achieve complete pain relief of the hip with peripheral nerve 
blocks [69], and some techniques, such as psoas compartment block, are suggested to 
be performed by experts [70]. There are many types and techniques for blocking the 
lumbar plexus nerves following hip replacement:

• Lumbar plexus, or psoas compartment block: a peripheral regional anesthetic 
technique to block the major nerves of the lumbar plexus (femoral, lateral femo-
ral cutaneous and obturator nerves) in the psoas major muscle [71].

• Femoral nerve block is a safe and widely practiced techniques used for additional 
local anesthesia and provide postoperative analgesia after hip surgery [72]. Local 
anesthetic is infiltrated around the femoral nerve, which provides anesthesia to 
the anterior thigh (femoral nerve) and the medial lower leg (through the saphe-
nous nerve). However, the cephalad spread of the local anesthetic may not be 
sufficient to block the obturator nerve (medial thigh) and the lateral cutaneous 
nerve of thigh [73].

• Fascia iliaca compartment block (FICB) is an anterior-thigh regional anesthetic 
block targeting the lumbar plexus [74]. This block was initially described by 
Dalens in 1989 for children where sensory blockade of the obturator nerve was 
believed to be observed. It was believed the local anesthetic spread underneath 
the iliac fascia proximally toward the lumbosacral plexus [74]. Then, it has been 
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discovered that nearly half of patients do not have a skin component of the 
obturator nerve and that assessing adductor strength is the only effective way to 
measure obturator nerve function [75]. The effect of the FICB is similar to the 
femoral nerve block, but may provide a more reliable method of reaching the 
femoral lateral cutaneous nerve.

Compared to systemic analgesia alone, it is known that peripheral nerve blocks 
reduce postoperative pain, acute cognitive impairment, pruritus, and hospitaliza-
tion [1]. Compared to neuraxial blocks, there is evidence that peripheral nerve 
blocks reduce pruritus [1]. Severe adverse events with peripheral nerve blocks are 
fortunately rare, and the use of ultrasound to guide locoregional anesthesia is highly 
recommended to reduce the risk of unwanted effects (intravenous puncture, local 
anesthetic systemic toxicity, and intraneural puncture). The ultrasound allows one 
to recognize the nerve structures in detail, to see in most cases the progression of 
the needle toward the target nerve structure, and to visualize the diffusion of the 
local anesthetic [75]. The combined use of the ultrasound system and the electrical 
nerve stimulator (ENS) increases the success rate in the localization of the nerve and 
minimizes the possibility of intraneural [76]. The techniques of regional anesthesia 
may also be useful for the postoperative pain control administering anesthetic drug 
continuously through a catheter left in the perineural space providing continuous 
perineural anesthesia/analgesia. A perineural catheter may be left either around the 
femoral nerve or around the lumbar plexus. The lumbar plexus (psoas compartment) 
is the first choice for the placement of the continuous perineural anesthesia for total 
hip replacement [77]. Ultrasound-guided psoas compartment block can be performed 
with different approaches (i.e., “Lumbar Ultrasound Trident” and “Shamrock 
technique”) [78] and has a lower hemodynamic impact compared to neuraxial 
techniques especially in elderly patients. Hence, a good anesthetic plan is guaranteed 
with the possibility to be extended and with a result comparable to other techniques 
[79]. Finally, an alternative procedure to those already mentioned is the use of the 
pericapsular nerve group block (PENG block) with local anesthetic infiltration. This 
technique is still poorly used, but its use is increasing, and it could be hypothesized as 
an effective and safety anesthesia technique for the total hip surgery [80].

3.6 General anesthesia and multimodal strategies

Sedative or anxiolytic drugs may be used to promote patient comfort and/or facili-
tate the successful completion of technical procedures such as spinal or locoregional 
anesthesia. Evidences supporting or the preoperative use of sedative or anxiolytic 
medication to reduce anxiety and accelerate the achievement of discharge criteria are 
sparse [81]. Short-acting sedative drugs may be used to facilitate successful comple-
tion of technical procedures, but routine administration of sedatives to reduce anxiety 
preoperatively is not recommended. Among patients undergoing elective primary 
total hip arthroplasty, general anesthesia has been associated with increased odds of 
adverse events, prolonged postoperative ventilator use, difficult intubation, stroke, 
cardiac arrest, other minor adverse events, and blood transfusion [82]. In addition, 
general anesthesia was associated with mild increases in operative time and postop-
erative room time [82]. General anesthesia has been previously shown to be associated 
with pulmonary adverse events following total hip arthroplasty [83].

Compared with neuraxial anesthesia, general anesthesia has been reported to 
be associated with a higher percentage of intraoperative hypotensive events. This 
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relationship may exist because high-volume surgical centers may be more likely to 
use spinal anesthesia and may have decreased operative time and room turnover 
time compared with other centers. In addition, patient extubation likely adds to the 
postoperative room time. However, despite the significance of these findings, there 
may be little clinical importance of these minor increases in operating room times 
[82]. The overall early postoperative mortality in adult patients undergoing hip 
arthroplasty is low in the absence of risk factors such as severe cardiac hearth failure, 
chronic obstructive pulmonary disease (COPD), ascites, acute renal failure, and ASA 
score of 4 or higher. Some studies suggest that there is no association between the 
type of anesthesia received (general versus regional) and early postoperative mor-
tality rates in patients undergoing hip arthroplasty, regardless of type (total versus 
partial) [84]. Similarly, other studies show no significant difference between the 
perioperative blood loss and the occurrence of deep vein thrombosis. However, spinal 
anesthesia was more advantageous than general anesthesia in terms of the occur-
rence of nausea and length of stay [85]. In general, large multicenter study on hip 
and knee replacement are in favor of neuraxial techniques over general anesthesia, 
and this change in practice has been at the core of established Enhanced Recovery 
after Surgery (ERAS) guidelines [84, 86]. Large epidemiological studies support the 
decision toward the choice of central neuraxial anesthesia over general anesthesia 
showing regional anesthesia being independently associated with better outcomes 
[87]. However, the claimed superiority of regional anesthesia has been questioned by 
emerging research. In particular, one single-center randomized clinical trial (RCT) 
performed in established ERAS centers has questioned whether the reduced cardio-
pulmonary and thromboembolic complications associated with neuraxial techniques 
in comparison with general anesthesia are relevant when hip surgery is performed 
in an ERAS setting where the preoperative optimization and early mobilization of 
the patient are two important pillars [88]. Harsten et al. compared a modern general 
anesthesia with a traditional high dose of neuraxial anesthesia (bupivacaine 0.5% 
3 mL) and found no clinically relevant differences in functional recovery, hospital-
ization, urinary complications, and mobilization [88]. General anesthesia may also 
reduce urinary bladder dysfunction and rare, but potentially severe, neurological 
complications [89]. Another strategy that may be adopted consists in a multimodal 
strategy that involved general anesthesia, often conducted with supraglottic airway 
device, with regional anesthesia most frequently associated with lumbar block. 
Compared to general anesthesia with endotracheal intubation and combined spinal-
epidural anesthesia, general anesthesia with supraglottic airway devices and nerve 
block had better postoperative analgesic effect and less disturbances on intraoperative 
hemodynamics and postoperative cognition for elderly patients undergoing intertro-
chanteric fracture surgeries [90]. Besides the improvement of hemodynamic stability, 
other advantages of general anesthesia with supraglottic airway device and lumbar 
plexus and sciatic block (LPSB) included earlier extubation and more rapid weaning 
from ventilatory support, better control of postoperative pain including longer time 
to the first analgesic request, and a lower incidence of postoperative complications 
such as systemic inflammatory response syndrome, pneumonia, sore throat, and 
hoarseness. In addition, general laryngeal mask anesthesia with LPSB was reported to 
be associated with a longer postoperative analgesic effect than general anesthesia with 
endotracheal intubation alone [91]. Another possible option is combining general 
anesthesia with a supraglottic airway device with fascial block as quadratus lumbo-
rum block with or without transversalis fascia plane block) [92, 93]. Preoperative 
posterior quadratus lumborum block for primary total hip arthroplasty is associated 
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with decreased opioid requirements up to 48 hours, decreased visual analog scale 
pain scores up to 12 hours, and shorter postanesthesia care unit length of stay [93]. 
Conversely, other studies did not report benefits in term of opioid postoperative 
consumption [79]. Therefore, future multicenter RCTs are warranted to further com-
pare the safety issues and potential differences in postoperative morbidity between 
different anesthetic techniques.

4. Postoperative care

4.1 General considerations

Early mobilization is a key component of hip surgery. Prolonged bed rest causes a 
series of adverse physiological effects, including increased insulin resistance, myopa-
thy, reduced pulmonary function, impaired tissue oxygenation, and increased risk of 
thromboembolism. Safe and effective analgesia is a prerequisite to encourage postop-
erative mobilization. There is substantial evidence that early mobilization facilitates 
recovery after hip replacement [94].

4.2 Postoperative pain control and acute pain service reality

Postoperative pain is usually a multifactorial acute-on-chronic pain caused by the 
surgical procedure and the preexisting disease. It is triggered by the response to the 
trauma of the tissues caused by the surgical act. The control of the postoperative pain 
is a cornerstone in the postoperative setting and the access to palliative care and pain 
therapy should be granted. Failure to control postoperative pain has repercussions 
on the entire system from the patient, by worsening his experience and memories of 
the already traumatic event, to the hospital structure, by prolonging length of stay, 
and to the healthcare system, by increasing costs [95]. The postoperative pain therapy 
should include a preventive approach starting from aiming to a surgical procedure as 
less invasive as possible such as in case of hip replacement, anterior surgical approach, 
or robotic surgery [96]. In addition, the so-called preemptive analgesia aims to reduce 
the initial acute response to pain preventing, or at least limiting, the neuronal modi-
fications associated with windup that consist in a progressively increasing electrical 
response in the corresponding spinal cord (posterior horn) neurons by repeated 
stimulation of group C peripheral nerve fibers. Multimodal approach is another 
preventive technique, with the choice of drugs belonging to different analgesic classes 
and using techniques of locoregional anesthesia, optimizing analgesia, and minimiz-
ing side effects. Similarly, to the anesthesia approach, the pain management after 
hip replacement should be multimodal, and it must be monitored and managed by 
an acute pain service (APS). There are different possibilities for postoperative pain 
control in hip replacement: totally intravenous analgesic infusion, continuous and/or 
patient-controlled peridural analgesia, and continuous or patient-controlled peri-
neural analgesia; since the first experience of treatment units for acute pain manage-
ment [97], the benefits of a dedicated and multidisciplinary organization have been 
reported and accepted, also in terms of cost-effectiveness [98, 99]. Unfortunately, the 
correct management of postoperative pain is still a challenge in most realities, and 
APSs are not yet enough diffused. It is possible to differentiate two main APS models: 
the first is the US model, which consists of anesthesiologist-based comprehensive 
pain management teams; the second is a nurse-based supervised APS, more diffused 
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in the European countries. A recent Italian study suggests that the creation of the APS 
model, managed by residents in anesthesia, may represent an alternative between 
the US model (expensive and difficult to apply in several healthcare systems) and a 
nurse-based model more frequent in European countries [95].

4.3 Delirium prevention and reduction of length of stay

Postoperative delirium (POD) is one of the most severe complications after sur-
gery, and it is a distressing syndrome both for old surgical patients and their families. 
It is a complex syndrome that affects 7–65% of patients after hip-fracture surgery 
[100, 101]. Its social consequences are likely to escalate with a growing old surgical 
population. The pathogenesis of POD is unclear and probably multifactorial. The 
most frequent causes are:

• perioperative hypoxemia

• postoperative restorations

• metabolic and electrolyte anomalies

• sleep disturbances

• drugs: opioids, anesthetics, anticholinergics, benzodiazepine, antiparkinsonian drugs

• general anesthesia

The most important predisposing risk factors are:

• elderly

• preexisting cognitive deficits

• multimorbidity

• associated pro-delirious polypharmacy

• insufficient analgesia

Pain is the most common complication after surgical procedures, and it is associated 
with increased risk of delirium [102]. Conversely, the use of opioids (particularly longer-
acting opioids) has also been associated with increased risk of POD [103]. Postoperative 
mean oxygen saturation at night may also have a role in the development of POD [104]. 
The mean score of the Mini-Mental State Examination (MMSE) decreased significantly 
only in patients who received general anesthesia. This suggests that the use of a multi-
modal opioid-sparing analgesia regime may reduce risk of POD and, therefore, may be 
considered as a choice especially in patients at high risk for POD. However, there is no 
consistent evidence about the effects of general anesthesia and regional anesthesia on 
the incidence of POD following total hip replacement. Even in elderly patients, there was 
no significant difference in the incidence of cognitive dysfunction 3 months after the 
use of either general or regional anesthesia [105]. In an RCT among 950 patients aged 
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65 years and older undergoing hip fracture surgery, regional anesthesia without sedation 
did not significantly reduce the incidence of POD compared with general anesthesia 
[91]. The incidence of POD overall was 5.6%. Regardless of the techniques used, patients 
with POD have been independently associated with adverse clinical and economic 
outcomes such as death, decreased functional outcome, and cognitive decline, as well as 
higher cost of care and longer hospitalization. Therefore, it is important to characterize 
perioperative risk factors related to the incidence of POD and to optimize the quality 
of care in patients with total hip replacement arthroplasty. Despite the knowledge gaps 
in delirium pathogenesis, POD may still be preventable with targeted pharmacologic 
and nonpharmacologic strategies. The first-line preventative interventions for POD are 
the nonpharmacological interventions. Reorientation is a strategy to help patients get 
familiarized with the environment and the people. This is done through minimizing staff 
change and patient transfer, consistent introduction of staff members, access to natural 
light and time-keeping devices, reminders about the previous events, and future plan-
ning. A clinical trial has shown that reorientation alone can reduce the incidence of overt 
delirium by 40% [106]. Other nonpharmacological interventions include cognitive exer-
cises, vision, sleep and hearing optimization, mobilization, hydration, and nutrition. 
These interventions are often instituted as a multicomponent care package. The Hospital 
Elder Life Program (HELP) is a multidisciplinary program designed to prevent cognitive 
and functional decline in older hospitalized patients, and the focus is on delirium [107]. 
Nonpharmacologic interventions, such as delirium education programs for medical staff, 
have led to reductions in delirium duration, hospitalization, and mortality. Antipsychotic 
drugs are dopamine antagonists and also have varying degrees of affinity to muscarinic, 
serotonergic, and adrenergic receptors [108]. They are divided into first-generation and 
second-generation agents, with the first generation (haloperidol) associated with higher 
risks of psychomotor complications and the second generation associated with higher 
risks of cardiovascular and metabolic complications. Several studies and meta-analyses 
have reported that prophylactic administration of second-generation antipsychotics, 
such as olanzapine and risperidone, may reduce the incidence of postoperative delirium 
[109]. Because of the risk of complications, the clinical value of antipsychotic pro-
phylaxis is not clear. Pharmacologic ketamine has been found to reduce postoperative 
inflammation and improve perioperative pain outcomes [110]. In addition, results from a 
small trial also demonstrated decreased occurrence of delirium and decreased incidence 
of delayed neurocognitive recovery in cardiac surgery patients who received intraopera-
tive ketamine compared with placebo [110]. Conversely, the PODCAST (Prevention of 
Delirium and Complications Associated with Surgical Treatments) trial shows that intra-
operative ketamine does not prevent delirium. On the contrary, ketamine may increase 
the risk of adverse perioperative psychoactive experiences [111]. Dexmedetomidine has 
also been tested in large RCTs in relation to POD and its use is associated with reduc-
tion in the composite outcome of delirium, agitation, and confusion [112]. Other drugs 
have shown some promise as prophylactic agents in noncardiac surgery. These include 
acetaminophen, ramelteon, gabapentin, statins, clonidine, and melatonin [113].

5. Conclusions

Total hip replacement has been quoted as “the operation of the twentieth century” 
and one of the most successful and cost-effective procedures in orthopedics. It is 
usually associated with the high satisfaction of the patients and the improvement of 
the quality of life following surgery. Great advances in both surgical and anesthesia 
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techniques have allowed us to extend indication for hip replacement to elderly 
patients with multiple comorbidities. In this regard, the role of the anesthesiologist 
is fundamental and should follow the patient along his/her entire journey from the 
preoperative assessment, in order to optimize patient’s conditions and plan the best 
anesthesia technique, to the postoperative recovering to provide an adequate pain 
control and minimize the risk of preventable complications such as postoperative 
delirium. A personalized approach has, therefore, become a routinely strategy for 
anesthesiologists in many specialized centers with all facilities and the necessary 
know-how. However, there are still several open controversies such as pro and cons 
related to general versus locoregional anesthesia and the prevention of postoperative 
complications. Artificial intelligence is among the most promising technology that 
may further innovate the field of hip replacement in the next years. In particular, 
machine learning and deep learning methods could markedly improve patient risk 
stratification and support anesthesiologists in the decision of the best approach to 
adopt with a specific patient. Such algorithms will need high-quality data to perform 
with high accuracy and a strong validation process to be trustable but, in return, will 
provide clinical decision support systems (CDSSs) able to aid physicians in weighing 
competing healthcare goals and numerous risks by facilitating multiple outcome opti-
mization of outcomes that are too difficult to recognize and navigate on an individual 
and isolated basis.
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Chapter 3

Decision Making in Borderline 
Cases between Hip Preservation 
and Reconstruction Surgery
Munif Hatem, Richard Feng, Srino Bharam  
and Hal David Martin

Abstract

The hip joint is the center of human body movement. An optimal hip function 
is critical for general health, mental health and well-being. A frequent dilemma in 
orthopedic practice is what to recommend to a patient with hip pain who is neither 
the ideal candidate for hip preservation surgery nor for total hip arthroplasty. What 
are the factors to be considered when deciding between a hip preservation or replace-
ment surgery? This chapter aims to help orthopedic surgeons to decide between hip 
preservation or total hip arthroplasty as the primary surgery for borderline cases. 
Chondral damage, age, acetabular dysplasia, femoral torsion abnormality, lumbar 
spine disease, patient expectation, abnormalities in more than one hip layer, comor-
bidities, and psycho-social determinants are the main factors to be considered on 
decision-making for hip surgery. Conservative management, hip arthroscopy, hip 
osteotomy, and total hip arthroplasty can also be seen as a continuum of treatment.

Keywords: hip preservation surgery, surgery indication, hip arthroplasty, hip 
arthroscopy, hip osteotomy

1. Introduction

Orthopedic surgeons treating patients with hip disorders often see borderline cases 
between hip preservation surgery and total hip arthroplasty (THA). This scenario 
is becoming more frequent following the advancements in hip preservation surgery 
techniques in the last 3 decades.

Hip preservation surgery and THA may also be seen as a continuum of treat-
ment. This approach is utilized in many clinical disorders in different medical fields. 
When treating heart failure, for example, cardiologists will try less invasive clinical 
and surgical approaches before proceeding with a heart transplant. As in prior times 
of technological advancement, hip preservation surgery and THA have progressed 
allowing for a better understanding of the complex hip-spine-pelvic-CORE anatomy 
and biomechanics of each of the five hip layers: the osteochondral, capsulolabral, 
musculotendinous, neurovascular, and kinematic chain, the interpretation of which 
is dependent on a comprehensive history and physical examination, with triplanar 
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imaging assessment. Osseous conditions of the hip affect other hip layers in a cascad-
ing fashion.

The decision for borderline cases between preservation and reconstruction is 
complex, and the physician is intuitively considering multiple factors to be shared 
with patient. Frequently, a patient prefers the risk of a failed hip arthroscopy than the 
potential complications of a total hip arthroplasty. Therefore, the role of the ortho-
pedic surgeon is to be well informed and make the decision with his patient. Similar 
cases based on imaging findings may require different approaches (conservative, hip 
preservation or THA) based on patient’s expectations.

The goal of this chapter is to organize factors and evidence to help the reader on 
the decision-making process for borderline cases between preservation and THA. 
This chapter does not aim to say what is right and what is wrong, it aims to help the 
reader to make the best decision for the patient based on the patient expectations. As 
an important reminder, the orthopedic surgeon is not required to make the decision 
in a single appointment, and repeat assessments are often the best way to define the 
most appropriate treatment approach for each patient. Repeat visits also helps to build 
relationship with patients, which is a key component in outcomes. The elements to be 
discussed in the current chapter are organized as in Table 1.

2. Degree of chondral damage

The degree of chondral damage is the first element to consider in borderline cases 
between hip preservation and reconstruction surgery. The results of hip preserva-
tion surgery are inferior in individuals with more advanced chondral disease [1]. The 

• Degree of chondral disease

• Patient age

• Acetabular and femoral abnormalities

• Acetabular dysplasia

• Femoral torsion and acetabular version abnormalities

• Ischiofemoral impingement

• Presence of low back pain

• Other factors:

• Patient expectations

• Abnormalities in additional hip layers

• Contra-lateral hip disease

• Profession and physical activities

• Chronicity of pain

• Family support

• Commitment to rehabilitation

• Opioid use

• Comorbidities and psychological factors

• Physician-related factors

Table 1. 
Factors to take into consideration to decide between hip preservation versus reconstruction surgery.
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degree of chondral damage observed at the time of surgery is associated with risk of 
conversion to THA after hip arthroscopy. McCarthy et al. reported the likelihood of 
THA at a mean follow-up of 13 years after hip arthroscopy according to the cartilage 
disease observed arthroscopically [2]. Femoral head chondral damage was the stron-
gest risk factor for conversion to THA. Hips with Outerbridge Grades III-IV disease 
at the femoral head were 58 times more likely to require conversion to THA when 
compared to Outerbridge Grades 0–2 [2]. Hips with acetabular cartilage disease Grade 
II-IV were 20 times more likely to require conversion to THA when compared to 
Outerbridge Grades 0–1. For patients who underwent THA, McCarthy et al. reported 
an average time of 4.8 years between the hip arthroscopy and THA [2]. Horisberger et 
al. reported the rate of conversion to THA in 20 patients with generalized degenera-
tive changes at the hip joint observed during arthroscopy [3]. From 20 patients, 50% 
had undergone or planned to undergo a THA at a mean follow-up of 3 years. The 
mean time between the hip arthroscopy and THA was 1.4 years [3].

Preoperative imaging studies are helpful to estimate the risk of conversion to 
THA after hip preservation surgery [3, 4]. Hip joint space measurements on standing 
and supine pelvic radiographs have been shown to be equivalent by Bessa et al. [5]. 
Philippon et al. described that hips with joint space <2 mm at pre-operative radio-
graph were 39 times more likely to progress to a THA than those with ≥2 mm of joint 
space [6]. Larson et al. reported that 82% of the individuals with pre-operative joint 
space narrowing (>50% joint space narrowing compared to contra-lateral normal 
hip or ≤ 2 mm of joint space) failed to improve above 70 points on Harris Hip Score 
or underwent THA at a mean follow-up of 27 months. Zimmerer et al. studied the 
11-year hip survivorship in 112 patients after primary hip arthroscopy according to 
the pre-operative Tönnis grade [4]. Conversion to THA was observed in 54% of the 
hips with Tönnis 2 or 3. In contrast, 14% of hips with no or minimal osteoarthritic 
changes on radiographs (Tönnis 0 or 1) underwent a THA following the primary hip 
arthroscopy at a mean follow-up of 11 years [4]. Modern techniques of labral repair 
may affect previously reported outcomes and need further studies.

Despite the usefulness of pre-operative imaging to estimate the degree of chondral 
damage, conventional radiographs and magnetic resonance imaging (MRI) underes-
timate the severity of chondral disease in 3 out of 4 patients with marked generalized 
chondral lesions [3]. For hips with more than 2 mm of joint space or Tönnis grade 
0 and 1, Rosinsky et al. reported that narrower joint space was not correlated with 
intraoperative cartilage damage (Figure 1) [7]. The authors mentioned that narrower 
joint space (above 2 mm) may be an anatomic variant and cannot predict actual 
intraoperative cartilage damage [7].

The frequent conversion to THA after hip preservation surgery in hips with 
advanced acetabular chondral damage at long term does not mean patients cannot 
benefit from hip preservation at short and mid-term. Peters et al. reported improved 
Harris hip scores from an average of 68 preoperatively to 91 at a mean follow-up 
of 26 months after open treatment for femoroacetabular impingement in 39 hips 
with Outerbridge grade 4 acetabular chondral damage [8]. Despite the good clinical 
outcomes, the authors described radiographic progression of osteoarthritis in 43% 
of the hips with Outerbridge grade 4 acetabular chondral damage [8]. The above 
paper reinforces that functional and clinical assessment are essential in associa-
tion to radiographic evaluation when making clinical decisions for patients with 
degenerative changes at the hip. The effects of limited hip mobility on the lumbar 
spine and pelvis also need to be considered and will be discussed later in this chapter 
(Figure 2).
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Figure 1. 
Imaging of a 67-year-old patient who was recommended total hip arthroplasty 1 year after hip arthroscopy. 
Femoral head chondral damage observed arthroscopically, despite preserved joint space pre-operatively. 
Figures A, B and C) radiographs demonstrating joint congruency and preserved joint space; D) arthroscopic 
image demonstrating the chondral damage at the femoral head (arrows); E and F) 10 months post-operative 
radiographs demonstrating lateral migration of the femoral head (yellow line) and subtle narrowing of the joint 
space; G and H) 10 months post-operative magnetic resonance imaging demonstrating the chondral damage with 
subchondral edema, not observed in the pre-operative MRI.
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Figure 2. 
Anteroposterior and lateral radiographs of a 53 years-old female with advanced left hip osteoarthritis and four 
years of conservative management including anti-inflammatory medication and intra-articular injection with 
corticosteroid. Modified Harris hip scores for the left hip is 93.5 out of 100.1. In contrast to the very satisfactory 
right Harris hip score, the Oswestry lumbar disability score has worsened from 8 to 16% in one year. This patient 
illustrates the importance of clinical assessment in association to imaging studies, as well as the effects of decreased 
hip mobility at the lumbar spine, when making clinical decisions for patients with hip diseases.
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Hips with cam femoroacetabular impingement and advanced chondral damage 
often progress with anterosuperior migration of the femoral head to the cartilage 
defect. This finding has been recognized as a landmark for progressive osteoarthritic 
changes [9]. The anterosuperior migration of the femoral head is usually not evident 
on the anteroposterior or lateral radiographs. False profile of Lequesne radiographs 
and magnetic resonance are fundamental to identify the anterosuperior migration of 
the femoral head to the cartilage defect. The authors of the current chapter believe the 
migration of femoral head is a turning point on the progression of femoroacetabular 
impingement to be considered when recommending a hip preservation surgery. 
Hips with cam morphology and anterosuperior migration of the femoral head to the 
chondral defect are under the risk of further instability and rapid progression of 
osteoarthritis if undergoing a hip preservation surgery.

3. Age

The incidence of hip arthroscopy for older adults has grown exponentially along 
the last 2 decades. An increase of 280% in incidence of hip arthroscopy has been 
observed in the United States from 2005 to 2014 in the Medicare population, with 
8100 primary hip arthroscopies performed [10].

Two variables are considered when studying hip arthroscopy results in older 
patients: 1) Improvement on functional scores; 2) Conversion rate to THA. A ran-
domized controlled trial by Martin et al. compared hip arthroscopy and physical 
therapy versus physical therapy alone for patients older than 40 years with limited 
osteoarthritis (Tönnis grades 0–2) [11]. Arthroscopic acetabular labral repair with 
postoperative physical therapy led to better outcomes than physical therapy alone 
[11]. Martin et al. also reported a cross-over rate of 64% for patients from the 
non-surgical group to the hip arthroscopy group after 14 weeks, i.e., 64% of patients 
needed surgery after unsuccessful physical therapy [11]. Horner et al., in a systematic 
review published in 2017, concluded that patients over 40 years-old undergoing 
hip arthroscopy including femoral osteochondroplasty and labral repair presented 
clinically significant improvements in most research studies, whereas labral debride-
ment did not produce clinically significant improvements postoperatively [12]. In a 
clinical scenario, the clinician should consider the difference in “normal” values for 
functional hip scores according to the age when making treatment recommenda-
tions or comparing results. Sharfman et al. compared the patient-reported outcomes 
measures among 3 different age groups for non-symptomatic individuals: <40 years, 
40 to 60 years, and > 60 years [13]. The iHOT, mHHS, HOS-ADL, and HOS-Sport of 
these asymptomatic respondents all decreased in an age-dependent manner: iHOT 
(<40, 94.1; 40–60, 92.4; >60, 87.0), mHHS (<40, 94.8; 40–60, 91.3; >60, 89.1), HOS-
ADL (<40, 98.4; 40–60, 95.0; >60, 90.9), and HOS-Sport (<40, 95.7; 40–60, 82.9; 
>60, 72.9) [13]. The authors stressed the importance of comparing a patient’s out-
come scores with the age-normalized scores to establish an accurate reference frame 
with which to interpret outcomes [13]. In advancing age, the hip function grows in 
importance to maintain mental and general health.

The conversion rate to THA after hip arthroscopy is another factor to consider 
when recommending hip arthroscopy to older patients. According to Malik et al., 
the native hip was preserved at 2 years after surgery in 81.5% Medicare patients who 
underwent primary hip arthroscopy between 2005 and 2014 [10]. Patients >65 years 
had a 20% THA rate versus a 15% THA rate for below 65 years of age at 2 years after 
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the hip arthroscopy [10]. Horner et al., in a systematic review, reported a rate of 
conversion to THA of 18.1% for patients 40 or older, 23.1% for patients over 50, and 
25.2% for patients over 60 with a mean of 25.0 months to THA [12].

Age should not be used as an isolated criterium to recommend one or another hip 
treatment, since significant variability is observed among patients of same age in 
overall health status, comorbidities, physical activities, requirements, and patient’s 
expectations.

4. Acetabular and femoral abnormalities

Biomechanical abnormalities at the acetabulum and femur are a key factor to 
consider in borderline cases between hip preservation surgery or THA. Some biome-
chanical abnormalities contra-indicate or increase the risk of complications for hip 
arthroscopy and would be better addressed through osteotomy surgeries. However, an 
osteotomy surgery may not be a good option for a patient when considering the chon-
dral damage, patient age and presence of low back pain. In addition, some patients 
will not be willing to undergo an osteotomy when considering the surgery magnitude 
and recovery. Therefore, acetabular and femoral biomechanical abnormalities will 
influence the decision on conservative management, hip arthroscopy, hip osteotomy 
or THA. These treatment option should be considered as a continuum of treatment 
for many patients, as more invasive procedures are recommended when less invasive 
interventions fail.

4.1 Acetabular dysplasia

The presence of acetabular dysplasia and its severity is to be considered before 
recommending a hip arthroscopy procedure versus other treatment options. Hip 
arthroscopy as isolated treatment for moderate to severe acetabular dysplasia has 
been associated with poor outcomes [14, 15]. However, hip arthroscopy with capsule 
repair has demonstrated good outcomes for patients with borderline hip dysplasia, 
traditionally described as lateral center-edge angle between 20° and 25° [16, 17]. 
Domb et al. reported the results of hip arthroscopy in 22 patients with lateral center-
edge angle between 18° and 25°, and no or mild osteoarthritis (Tönnis grade 0 or 1) 
[16]. The authors utilized a combined imbrication and inferior capsular shift of 
the iliofemoral ligament to close the hip capsule arthroscopically. Good to excellent 
results were reported in 77% of the patients at a mean follow-up of 28 months, with 
2 patients (9%) requiring revision surgery due to repeat sports injury or trauma [16]. 
The mean Tönnis angle of 5.8°, within normal limits, and the absence of significant 
osteoarthritis are important to consider on the results reported by Domb et al. [16]. 
Fukui et al. described the results of hip arthroscopy in 28 patients with lateral center-
edge angle between 15° and 19°, at a mean follow-up of 42 months [17]. Five patients 
(18%) with a mean joint space <2 mm before hip arthroscopy underwent THA at 
a mean follow-up of 24 months after the hip arthroscopy [17]. Two patients (7%) 
required a periacetabular osteotomy to treat dysplasia after failure to improve follow-
ing hip arthroscopy, while other two patients required a revision hip arthroscopy [17]. 
The mean Tönnis angle in patients who required periacetabular osteotomy after hip 
arthroscopy was 21°, while those not requiring PAO had a mean Tönnis angle of 15°. 
Fukuda et al. concluded that major surgery following hip arthroscopy is more likely 
for older patients, male, with more severe dysplasia, and with a larger alpha angle and 
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decreased joint space [17]. Uchida et al. studied 28 patients with acetabular dysplasia 
who underwent hip arthroscopy [18]. The authors reported that patients with a 
broken Shenton line, femoral neck-shaft angle >140°, lateral center-edge angle <19°, 
or BMI >23 kg/m2 at the time of surgery are not good candidates for the arthroscopic 
management of acetabular dysplasia [18]. A major limitation of the studies by Domb, 
Fukui and Uchida et al. is the lack of consideration for the femoral torsion [16, 17]. 
Larson et al. reported inferior results of hip arthroscopy in 88 dysplastic hips when 
compared to non-dysplastic hips treated for femoroacetabular impingement [19]. 
The authors defined failure as a modified Harris Hip Score (mHHS) ≤70 or eventual 
pelvic/femoral osteotomy or total hip arthroplasty. At the time of final follow-up, 
the dysplastic cohort demonstrated a mean mHHS of 81.3 with a mean 15.6-point 
improvement in mHHS, compared with 88.4 and 24.4 points, respectively, in the 
femoroacetabular impingement cohort [19]. Larson et al. also reported that increased 
femoral torsion and psoas tenotomies did not influence the outcomes in hips with 
acetabular dysplasia [19].

Periacetabular osteotomy (PAO) is another option for patients with acetabular 
dysplasia that should be considered for some patients to preserve the hip joint, 
prolong the native hip life, or as a bridge to a THA. Studies on long term results have 
provided insight on when is too late for a PAO. Matheney et al. reported the out-
comes of PAO in 135 hips at an average follow-up of 9 years [20]. Two independent 
predictors of failure (defined as arthroplasty or a high pain score) were identified: 
(1) an age of more than thirty-five years and (2) poor or fair preoperative joint 
congruency [20]. The probability of failure requiring arthroplasty was 14% for 
hips with no predictors of failure, 36% for those with one predictor (either an age 
of more than thirty-five years or poor or fair joint congruency), and 95% for those 
with both predictors [20]. Wells et al. reported the outcomes of PAO in 154 hips at 
an average of 10.3 years post-operatively [21]. One hundred and twenty-two hips 
(79%) did not undergo THA and did not have significant hip symptoms at the final 
follow-up [21]. A higher risk of failure was associated with fair or poor preoperative 
joint congruency and with overcorrection (a postoperative lateral center-edge angle 
of >38°) [21].

Association of hip arthroscopy and periacetabular osteotomy is another option of 
treatment for patients with acetabular dysplasia. Hip arthroscopy after a PAO surgery 
is required in 3.1–27% according to different authors [22, 23]. In patients with hip 
dysplasia who fail hip arthroscopy, PAO has been shown to be successful and results 
did not differ from patients who undergo PAO as index procedure [24].

A frequent question from patients is if undergoing a PAO or hip arthroscopy 
would decrease the chances of success for a THA procedure in the future. Considering 
THA after a PAO, the medical literature is controversial. Amanatullah et al. reported 
no difference in complication, revision rates or clinical results for THA in dysplastic 
patients with or without prior PAO [25]. Osawa et al. reported poorer clinical out-
comes of THA in patients with prior PAO compared to dysplastic patients without 
PAO, although there was no difference in revision or complication between the groups 
[26]. Both studies observed increased rates of acetabular component malposition in 
hips with prior PAO [25, 26]. In regards to results of THA following hip arthroscopy, 
Lemme et al. reported that patients who underwent THA more than 1 year after hip 
arthroscopy were at no increased risk for surgical or medical complications [27]. 
However, increased risk of dislocation (OR 1.75; CI 1.05–2.87; P = .03) and aseptic 
loosening (OR 2.18; CI 1.06–4.49; P = .03) was observed if the THA was performed 
<1 year after the hip arthroscopy [27]. THA <1 year after hip arthroscopy was also 
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associated with increased risk for needing revision THA at 2 years (OR 1.92; CI 
1.07–3.36; P = .02) and 4 years (OR 2.05; CI 1.17–3.53; P = .01) after THA.

The severity of hip dysplasia is usually defined by the morphologic features of the 
acetabular roof. However, abnormalities of the acetabular horns and sagittal orienta-
tion of the acetabulum are also frequent and have not been studied regarding the 
results of hip preservation surgery. Further studies are necessary to define if hips with 
antero-inferior or posteroinferior acetabular undercoverage have inferior results with 
hip arthroscopic procedures (Figure 3). Abnormal acetabular slope (sagittal orienta-
tion of the acetabulum) is another factor that requires further investigation when 
recommending a preservation or reconstruction procedure (Figure 4).

4.2 Femoral torsion and acetabular version abnormalities

Assessment in three planes is a basic requirement for any project in engineering. 
The hip joint is a complex biomechanical construct, and evaluation in three anatomical 
planes should be completed before any surgical recommendation. The imaging assess-
ment of the hip joint has historically neglected the axial plane due to the inherent limi-
tations of radiographs. Currently, the broad availability of MRI and CT to orthopedic 
surgeons makes it difficult to justify the lack of imaging assessment in three anatomical 
planes (axial, coronal and sagittal). The femoral torsion is one of the hip parameters 
assessed in the axial plane and has not received the necessary attention by clinicians 
and researchers in the orthopedic field. Increased femoral torsion is associated with 
decreased extension and external rotation, and increased internal rotation of the hip 
[30–35]. Decreased femoral torsion is associated with increased external rotation and 
decreased internal rotation of the hip [30–33]. Effects of abnormal femoral torsion on 
the lumbopelvic biomechanics have also been reported, and can be estimated by the 
hip-spine extension and flexion tests on physical examination [36, 37].

A recent systematic review on the effect of acetabular version on outcomes of hip 
arthroscopy concluded that surgery in patients with acetabular retroversion resulted 
in no difference in functional outcomes compared with patients with normal acetabu-
lar version [38]. The medical literature has controversial results on the influence of 

Figure 3. 
Antero-inferior hip instability. A and B) right hip with anteroinferior instability observed arthroscopically, with 
decreased anterior sector angle (ASA < 58°) and increased anterior horn angle (AHA > 50°); C and D) right 
hip with normal anterior acetabular horn morphology, with normal ASA and normal AHA. Reprinted from 
Hatem et al. Anteroinferior hip instability in flexion during dynamic arthroscopic examination is associated with 
abnormal anterior acetabular horn [28].
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femoral torsion on hip arthroscopy results. Fabricant et al. observed less improvement 
following hip arthroscopy in patients with <5° of femoral torsion compared with 
patients with normal and increased femoral torsion [39]. In contrast, two studies did 
not report decreased femoral torsion to be a negative prognostic factor for hip arthros-
copy [40, 41]. Both studies did not include functional assessment of lumbar spine. 
Chaharbakhshi et al. reported that patients with combined borderline dysplasia and 
femoral torsion ≥20° demonstrated significant improvements after hip arthroscopy, 
despite the inferior results when compared with a control group with normal ver-
sion and acetabular coverage [42]. Jackson et al. found that femoral torsion >18° was 
not a negative prognostic factor for hip arthroscopy [43]. Fabricant et al. described 
inferior results (modified Harris Hip Score) of hip arthroscopy with psoas tenotomy 
for patients with >25° of femoral torsion [44]. Part of the controversy on the results 
is explained by differences on how to measure femoral torsion among the studies and 
the definition of normal, increased or decreased femoral torsion. Most studies on the 
effect of femoral torsion on hip arthroscopy consider decreased femoral torsion as 
<5° and increased femoral torsion as >20° [38]. The method utilized for the measure-
ment of the femoral torsion is to be considered for the purpose of comparison to other 
studies [45–47]. Increasing values for femoral torsion are observed by measuring the 
femoral neck orientation more distally, and differences of 10° or more among the 
methods are particularly frequent in patients with excessive femoral torsion [46]. 
Until the controversy is resolved, it is recommendable to assess femoral torsion and 
acetabular version for McKibbin’s index as routine for patients with hip symptoms.

Femoral derotation osteotomy is to be considered for patients with abnormal 
femoral torsion, particularly those with failed hip arthroscopy and with low back 
pain. Tönnis and Heinecke reported satisfactory results of PFDO in 17 patients 
with decreased femoral torsion and painful hip joints [31]. Another study showing 
improvement in hip function with PFDO was published by Buly et al., who reported a 
mean improvement of 27 points in the mHHS following 55 derotation osteotomies in 
43 patients [48]. Hatem et al. reported 34 patients who underwent proximal femoral 

(A) (B)

Figure 4. 
Sagittal slice of a hip magnetic resonance arthrogram demonstrating the acetabular slope. (A) Hip with decreased 
acetabular slope (8°); B) hip with increased acetabular slope (33°). Reprinted from Hatem et al. spinopelvic 
parameters do not predict the sagittal orientation of the acetabulum [29].
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derotation osteotomy [37]. Improvement in the mHHS above the minimum clini-
cally important difference (MCID) was observed in 33 hips (89%). In a subgroup 
of 14 consecutive patients assessed with Oswestry disability index (ODI), the ODI 
improved from a mean of 45% before the PFDO to 22% at final follow-up [37].

The orthopedic surgeon might consider that extreme values of femoral torsion will 
have higher biomechanical effects. Therefore, the influence of femoral torsion >30° 
or below 0° is more clinically significant than the normal range values presented in 
medical literature. Ligamentous structures play a role on the biomechanical effects 
of increased and decreased femoral torsion and further studies are needed to better 
understand the relationship between the iliofemoral ligament and femoral torsion. 
The patient body habitus and frame will have an influence on strain tolerance to 
abnormal femoral torsion. Physical examination is essential to determine the bio-
mechanical effects of abnormal femoral torsion and to guide treatment, particularly 
testing gait in different hip rotation and the hip spine-extension test (Figure 5) [49]. 
The femoral torsion should be considered factor when deciding between hip preser-
vation surgery and THA. In older patients, abnormal femoral torsion may add up to 
other negative prognostic factors towards a recommendation for THA.

4.3 Ischiofemoral impingement

Ischiofemoral impingement is associated with limitation in hip extension. A more 
aggressive treatment approach may be recommended for individuals with secondary 
biomechanical effects of ischiofemoral impingement as low back and pelvic pain. 
Gómez-Hoyos et al. simulated a hip extension deficit with an ischiofemoral impinge-
ment model to evaluate a primary hip-spine effect due to the limited terminal hip 
extension produced by the hip pathology [50]. Resultant data described significant 
increase in lumbar facet joint loading during the impingement state, as compared to 
the native state for L3-L4 and L4-L5 spine segments. An average 30% increase in facet 
joint overload was observed between impinged state and native state [50].

Conservative treatment for ischiofemoral impingement includes avoidance of 
impingement positions, correction of leg length inequality, abductor strengthen-
ing, correction of foot hyperpronation and guided injections. Surgical treatment 
options are indicated when conservative treatment is insufficient: endoscopic lesser 
trochanter plasty and resection; open lesser trochanter resection; ischioplasty; distal 
transfer of the lesser trochanter; proximal femoral osteotomy -varus and derota-
tion osteotomy; and finally total hip arthroplasty. The orthopedic surgeon should 
consider the presence of ischiofemoral impingement in borderline cases between hip 
preservation surgery and THA. Individuals with ischiofemoral impingement and 
associated advanced chondral damage of the hip joint are better suited for THA. Total 
hip arthroplasty is also an alternative to address ischiofemoral impingement in hips 
with mechanical failure from multiple biomechanical abnormalities, including hip 
dysplasia and abnormal femoral torsion. A posterior approach allows the repair of 
hamstring avulsion at the ischial tuberosity, often observed as a result from the ischio-
femoral impingement. The presence of contra-lateral hip disease, knee osteoarthritis, 
and lumbar spine abnormalities reinforce the indication of total hip arthroplasty to 
treat ischiofemoral impingement. The orthopedic surgeon performing a hip joint 
replacement in individuals with IFI must be aware of all parameters in the coronal, 
axial and sagittal planes for the correction of all biomechanical abnormalities. Testing 
hip extension intra-operatively is fundamental in patients with IFI undergoing total 
hip arthroplasty through either anterior, lateral or posterior approach.
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(A)

(D) (E)

(B) (C)

Figure 5. 
Hip-spine extension test. (A) the examined hip is brought into terminal hip extension in neutral abduction and 
rotation while the examiner observes the pelvis and lumbar spine; (B) a positive result is the recreation of low 
back pain with associated pelvic and lumbar movement in adaptation to the limited hip extension; (C) adding 
abduction to extension allows the hip to extend without secondary effects at the pelvis and lumbar spine in 
patients with ischiofemoral impingement; (D) adding internal rotation gives clearance for the extension of the hip 
in cases of increased femoral anteversion. Conversely, due to premature coupling, internal rotation increases the 
lumbar and pelvic accommodation in hips with decreased femoral version or retroversion; (E) adding external 
rotation gives clearance for the extension of the hip in cases of decreased femoral anteversion or retroversion. 
Conversely, due to premature coupling, external rotation increases the lumbar and pelvic accommodation in hips 
with increased femoral anteversion.
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5. Presence of low back pain

Hip reconstruction surgery has the potential to restore hip mobility to normal 
levels and remove the secondary effects of limited hip motion on the lumbar spine. 
Improvement in low back pain after THA has been consistently reported. Parvizi 
et al. studied 170 patients with low back pain prior to undergoing THA [51]. 
Postoperatively, 66% (113) patients reported complete resolution of low back pain 
[51]. Of the 57 patients whose back pain did not resolve postoperatively, 38 had prior 
suspected or diagnosed spine disorders [51]. Chimenti et al. reported that 60.5% of 
patients who underwent THA had at least mild back pain preoperatively, and 58.4% 
of these patients experienced improvement in low back pain of at least 1 degree dif-
ference (e.g. moderate to mild) [52]. Notably, 80% of patients who indicated severe 
low back pain preoperatively showed some degree of pain improvement after THA 
[52]. Okuzu et al. reported that low back pain improved in 62.9% of patients after 
THA [53]. Persistent low back pain in the remaining 37.1% of patients after THA 
was shown to be associated with biomechanical abnormalities of the spine, such as 
sagittal spinal imbalance and high Cobb angle [53]. A study by Ran et al. examined 
changes in low back pain after THA in patients with lumbar degenerative disease, and 
observed a decreased on VAS for pain from 4.13 ± 1.37 preoperatively to 1.90 ± 1.44 
postoperatively [54].

Patients with existing spinal pathologies present higher rates of complications 
after THA. Blizzard et al. conducted a review of the Medicare Standard Analytical 
Files from 2005 to 2012 [55]. The authors reported that patients with lumbosacral 
spondylosis, lumbar disc herniation, lumbar degenerative disc disease, and spondy-
lolisthesis prior to THA had increased risk of post-operative complications such as 
prosthetic joint dislocation, periprosthetic fractures, periprosthetic infections, early 
revision THA, and wound complications [55].

Less evidence is available on hip preservation surgery and low back pain. Beck 
et al. reported that patients with a history of lumbosacral pathology (i.e. stenosis, 
fracture, prior surgery, and disc pathology) had significantly lower Hip Outcome 
Scores (activities of daily living subscale and sports subscale), modified Harris Hip 
Score, and visual analog scale pain two years after hip arthroscopy [56]. In contrast, 
in a cohort of 48 elite athletes with low back pain who underwent hip arthroscopy, 
Jiminez et al. reported that 79% did not report low back pain postoperatively 
at a mean follow-up of 53 months [57]. Endoscopic treatment for ischiofemoral 
impingement has also been associated with improvement in low back pain. Hatem 
et al. studied 31 patients with ischiofemoral impingement and low back pain who 
were treated with endoscopic partial lesser trochanter resection [58]. The authors 
reported a decrease in low back pain above the minimal clinically important 
difference in 2 of 3 patients after partial resection of the lesser trochanter [58]. 
Surgical correction of abnormal femoral torsion with derotation osteotomy has 
also been associated with improvement in low back pain. Hatem et al. reported 
that 14 patients with abnormal femoral torsion and LBP who underwent femoral 
derotation osteotomy demonstrated improved Oswestry disability index scores 
from 45% ± 16% (mean ± SD) before the PFDO to 22% ± 17% (mean ± SD) at mean 
follow-up of 24 months [37]. Nine (64.3%) of the 14 patients presented improve-
ment in the Oswestry disability index above the minimal clinically important 
difference [37].
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6. Other factors

The decision between hip preservation surgery and THA for borderline cases is 
also influenced by the following factors barely addressed in medical literature: patient 
expectations, abnormalities in additional hip layers, contra-lateral hip disease, profes-
sion and physical activities, commitment to rehabilitation, family support, chronicity 
of pain, opioid use, comorbidities, and physician-related aspects. Despite the lack 
of scientific evidence on those factors, the authors of the current chapter decided to 
share their impressions after combined decades of experience on deciding if conser-
vative treatment, hip preservation surgery, or THA would be the most appropriate.

The concept of hip layers is very useful for the orthopedic surgeon to identify 
and organize diagnosis in patients with hip abnormalities, and to relate those to 
the patient expectations. The hip abnormalities can be categorized in the follow-
ing layers: osteochondral, capsulolabral, musculotendinous, neurovascular, and 
kinematic chain. The fifth layer represents the link between the hip, pelvis, lumbar 
spine, CORE and distal lower extremity. Most patients with hip symptoms will have 
problems in more than one layer, which can be related or unrelated. For example, 
patients with acetabular dysplasia often have associated gluteus medius and minimus 
tendinitis as result of excess work required from the abductors. The correction of the 
osseous abnormalities may or not result in improvement of the conditions in other 
layers. Each diagnosis and potential improvement or not with surgery must be shared 
with patients, so they can understand the decision process and be aware that some 
problems/symptoms may not get better with surgery. Most patients believe their hip 
problem can be cured and expect to be asymptomatic at the end of treatment. This 
outcome is unlikely for hip pathologies and patients will have a more realistic expecta-
tion if they are instructed before surgery about a multilayer diagnosis.

The hip joint is the center of human body movement, and functional hips are 
required for most activities of daily living. When both hips become symptomatic, life 
can become particularly challenging. In most hip preservation surgeries, the operated 
hip will require at least 3 to 6 months of protected activities, and the non-operated 
hip may become more symptomatic. A THA is usually more foreseeable under the 
rehabilitation point of view and is a better option for most patients with bilateral hip 
symptoms and borderline case between preservation and THA. Patient profession is 
another important factor in borderline cases. Consider the following clinical scenario: 
a 50-year-old male farmer with symptomatic labral tear and grade 1–2 osteoarthritis 
with Harris hip score of 60 and Oswestry score of 20%, associated contra-lateral 
hip and low back pain, need to return to work in weeks after surgery, and average of 
2 miles walked daily. Even if imaging studies do not contra-indicate hip preservation 
surgery, this patient’s profession and clinical scenario indicate that a THA might be a 
treatment option for him. Conservative treatment or hip arthroscopy could be a more 
appropriate option to an office worker with the same clinical scenario except for the 
profession. Per our experience, non-athlete patients with higher physical demands 
on their job tend to be less satisfied with hip arthroscopy and preservation surgeries. 
Not only the profession and work are to be considered, but also the physical require-
ments of leisure and family requirements. Commitment to rehabilitation and family 
support are factors often overlooked by patients and physicians before making a 
treatment decision for hip pathologies. Because of the demands involved with recov-
ery processes after hip surgery, the patient may be limited for regular home tasks and 
requires the support of family. Socioeconomic factors are important to consider when 
deciding between hip preservation surgery or THA. Hip preservation surgery requires 
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months and sometimes years to reach the maximum improvement, particularly in 
patients with multilayer hip problems.

The chronicity of hip pain experienced prior can play a role in deciding which 
treatment route to pursue. Garbuz et al. found that patients who waited more than 
6 months before THA had a 50% decrease in the odds of achieving a better-than-
expected outcome as measured by the Western Ontario McMaster Universities 
Osteoarthritis Index (WOMAC) when compared to patients with 0–6 months delay 
[59]. Moreover, each additional month delay after 6 months was associated with 
8% additional decrease in odds of achieving a better-than-expected WOMAC score 
[59]. Similar decreases in clinical outcome scores have been shown with increased 
preoperative duration of pain in arthroscopic patients. Kunze et al. reported that hip 
pain from femoroacetabular impingement for 12–24 months in duration preceding 
surgery was associated with worse postoperative outcomes compared to hip pain with 
a duration of 3–6 months before surgery [60]. Basques et al. reported similar results: 
patients with femoroacetabular impingement and more than 2 years of preoperative 
hip pain have significantly higher 2-year VAS-pain scores, along with significantly 
lower HOS-ADL, HOS-SS, and mHHS scores after hip arthroscopy [61].

Preoperative opioid use has been associated with less favorable postoperative 
outcomes after hip preservation surgery and THA. Weick et al. reported that THA 
patients with >60 days of preoperative opioid use, compared to opioid-naïve patients 
and patients with <60 days preoperative use, had increased odds of readmission 
at 30 days postoperatively (OR = 1.46, CI: 1.36–1.57) and needing revision surgery 
at 1 year (OR = 2.19, CI: 1.84–2.62) [62]. The odds of requiring revision surgery 
was found to be even greater by the 3-year mark (OR = 1.90, CI: 1.64–2.20) [62]. 
Zusmanovich et al. reported that patients who regularly used opioids for isolated 
hip pain within 6 months before hip arthroscopy had higher 1-year postoperative 
VAS scores compared to opioid-naïve patients (6.1 ± 3.1 vs. 1.5 ± 1.6, respectively) 
(p < .001) [63]. At 2-year postoperatively, mHHS was significantly lower in the study 
cohort of opioid users compared to opioid-naïve group (55.4 ± 19.6 vs. 80.4 ± 12.8, 
respectively) (p < .001) [63]. Nazzal et al. reported that 2501 hip arthroscopy patients 
who preoperatively were taking >5 oral morphine equivalents had statistically 
significantly increased odds of prolonged opioid use (i.e. ≥2 opioid prescriptions) in 
the 6- to 12-month postoperative period (OR, 10.45; p < 0.001) compared to 19,633 
patients who took fewer oral morphine equivalents [64]. These patients were also 
shown to have increased odds of 3-year revision surgery (both hip arthroscopy and 
total hip arthroplasty: OR = 2.14, p < 0.001 and OR = 2.04, p = 0.001, respectively) 
[64]. The reversibility of the negative effects of opioid use in hip surgery results has 
not been defined yet, i.e., does a patient on chronic opioid use benefit from stopping it 
before a hip surgery? Until further evidence is available, patients might be instructed 
to work on strategies along with their pain management providers aiming to decrease 
or stop opioid use before elective hip surgery.

The presence of additional medical conditions may influence the outcome and 
success of hip reconstruction and preservation procedures. Loth et al. reported that 
THA patients with ≥1 comorbidity on the Charlson comorbidity index (CCI), pain 
from other joints, or BMI > 30 kg/m2 did not have significantly different postopera-
tive improvements in pain and joint function when compared to THA patients with 
no comorbidities [65]. However, patients with comorbidities were still found to have 
lower general health scores (mean of 39.1 vs. 44.9) as measured by the Short Form-
12 (SF-12) (p < .001) [65]. Mannion et al. reported that greater comorbidity was 
associated with increased odds of a complication and (independently) slightly worse 
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patient-rated outcome 12 months after THA [66]. Fewer studies have investigated 
the relationship between comorbidities and hip arthroscopy outcomes. Perets et al. 
reported diabetes mellitus is not significantly associated with worse outcomes in hip 
arthroscopy cases for treatment of femoroacetabular impingement and labral tears 
[67]. The psychological status and psychiatric conditions are also to be considered 
in patients with chronic hip pain. Patients often enter in a pain cycle bolstering the 
effects of hip pain and limitation in their lives. Sochacki et al. reported that patients 
with minimal or mild depressive symptoms have better preoperative and postopera-
tive outcomes and are more likely to obtain substantial clinical benefit from surgery 
than patients with moderate to severe depressive symptoms [68]. Martin et al. 
reported a high prevalence of patients with symptoms of depression (28%) and severe 
depression (11%) among 781 patients who underwent hip arthroscopy [69]. The high 
prevalence of depression in patients with chronic hip pain reinforces the importance 
of optimal hip function for a healthy mental status. Buller et al. reported the existing 
diagnosis of depression, dementia, or schizophrenia in THA patients is significantly 
associated with increased odds of adverse effects after THA (i.e. wound complication, 
shock, acute renal failure, etc.) [70]. Consultation with a pain psychologist is helpful 
for patients with chronic hip pain to address the mind effects of chronic pain, and 
to identify patients whose psychological status may impede improvement after hip 
surgery.

7. Summary

Evaluation of the anatomy and biomechanics through clinical, functional, and 
triplanar imaging assessments is essential on decision-making for conservative 
treatment, hip preservation surgery and THA. The concept of hip layers is very useful 
for the orthopedic surgeon to identify and organize diagnosis and treatment plan in 
patients with hip abnormalities, and to relate those to the patient expectations. The 
effects of abnormal hip biomechanics on the spine-pelvis-CORE need to be consid-
ered when treating hip conditions. Hip diseases are treated and rarely cured. The 
treatment of hip diseases should be approached in a stepwise fashion, starting with 
education, accommodation, medication, physical therapy, mental rehabilitation, and 
injections. When conservative measures fail, the surgical treatment decision will be 
influenced by a comprehensive history and physical examination with triplanar imag-
ing osseous assessment with discussion of patient expectations and commitment. 
In the future, the influence of hip treatment on hip-spine-pelvic-CORE will play a 
greater role on decision-making process.
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Abstract

It is a review of epidemiology data of development dysplasia of the hip; it was 
reviewed the pre pathogenic period: agent, host and environment and the role of risk 
factors for the presence of developmental dysplasia of the hip. What are the clinical 
data for the diagnosis; the sound transmission tests for the diagnosis of the devel-
opmental dysplasia of the hip. Also, the imaging procedures for the diagnosis of the 
same pathology.

Keywords: dysplasia, subluxation, dislocation, clinical procedures, newborns, infant, 
ultrasonography

1. Introduction

The developmental dysplasia of the hip (DDH) includes a wide spectrum of 
abnormalities of the acetabulum and the proximal femur, including dysplasia, 
subluxation and dislocation of the femoral head [1–5].

In dysplasia, there is an inadequate development of the acetabulum, the femoral 
head or both, although there is also a concentric relationship between the 2 articular 
surfaces. However, in subluxated hips, although there is contact between both articu-
lar surfaces, the femoral head is not centered on the acetabular cavity [6]; in the case 
of dislocation the femoral head is completely out of the acetabulum [7].

Early diagnosis in the first months of life, before the child can walk, is essential, 
since some children with DDH go unnoticed, despite having used the usual clini-
cal procedures, which only diagnose subluxation or dislocation, and when starting 
ambulation, the hip joint is injured and cannot be treated with orthopedic measures, 
and may lead to surgical repair of the joint; In extreme cases, the femoral head 
becomes necrotic, which requires the placement of a prosthesis.
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2. Epidemiology and classification

It is considered that DDH occur 1 per 100 births as instability and 1 per 1000 
births as subluxation or dislocation in the United States of America [8]. In Mexico, it 
is estimated that 1% of neonates have dysplasia and up to 75% of macrosomic neo-
nates have hip alterations demonstrable by ultrasound, but only evolve to dislocation 
1 for every 7000 live births [9].

There have been births of children with DDH, anomaly with pathological changes 
in the size, shape, and cellular organization of the hip that is manifested in the tissue 
components, soft or hard [10], which for their study are classified in CDD: typical 
and teratological.

The teratological is an alteration of the embryonic hip, it is called rigid, and the 
femoral head is outside the acetabulum and its treatment is surgical [11].

The typical or lax DDH is classified as physiological immaturity, subluxation, or 
dislocation, since it integrates anatomical abnormalities that affect the coxofemoral 
joint of children, including the abnormal edge of the acetabulum and the malposition 
of the femoral head causing subluxation or dislocation that affects the development 
of the hip before and after of birth [12–14].

This is how, within this spectrum, the defects vary from a slight difference 
between the articular surfaces of the iliac and femur, to the most severe case when 
the femoral head is outside the acetabulum; all accompanied by loss of mobility of 
the affected joint. So, these alterations in the hip cause disability in the infant of great 
social burden, especially if the child already wanders and the treatment has not been 
implemented properly [15].

It is important the early diagnosis, mainly before the children walk and ideally 
before 6 months old; if the children walk, can complicate the treatment of the DDH, 
and from a conservative treatment (Pavlik Harness or Fredjka Cushion), it should be 
surgical, with threatening prognosis for hip function.

3. Risk factors

The risk factors can be classified according to the pre- pathogenic period of 
the natural history of the disease, in agent, host and environment; those of the 
environment can be classified in microenvironment, Environment maternal and 
macroenvironment.

3.1 Agent

3.1.1 Maternal hormones

Relaxin is a pregnancy hormone, 6-kDa polypeptide, which increases the secre-
tion of collagenase and activator of plasminogen, involved in collagenolysis [16]. It 
has been suggested that ligamentous hyperlaxity is a risk factor and that its potential 
to develop DC is increased due to maternal hormones such as relaxin, which are 
prepared prenatally to the mother’s ligaments at the time of delivery [17] and cause a 
decrease in resistance. to the traction [11].

There are two hypotheses in relation to relaxin and DDH:
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• The first is a direct effect on the laxity of fetal ligaments, since it influences the 
metabolism of the connective tissue by estrogen and progesterone. Higher plasma 
relaxin levels have been reported in dogs with DDH [18] and cord blood from 
babies with DDH, although the differences were not statistically significant [19].

• Another hypothesis suggests that low concentrations of relaxin are associated 
with DDH, since in the absence of sufficient laxity of the maternal ligaments, 
there will be greater pressure on the fetus and may originate DDH [20–22].

3.2 Host

3.2.1 Heritage

It is considered that there is influence of multifactorial inheritance, combining 
genetics and environmental conditions; 20% of cases have a family history, 6% if one 
of the parents was affected, 12% if it was one of the parents and a brother and 37% 
in monozygotic twins. Up to 20% of these cases have been associated with congenital 
malformations, such as clubfoot, amniotic bands of the pelvic limbs and congenital 
muscular torticollis [17]. Ömeroğlu et al., reported in a retrospective study, that there 
was an association of having a family history of CD with presenting DDH compared 
with infants who did not have DDH (P = .02, OR = 2.10) [23], although Mendoza et 
al., in Mexican neonates, found no statistical association between family history of 
DDHC and DDH in the neonate (P = .73, OR = 0.83) [24].

3.2.2 Position in utero

The breech presentation, especially with the pelvic extremities in extension and 
adduction, have been indicated as risk factors for DC as well as for hip dislocation 
since it occurs in 30–50% of cases [10]. Ömeroğlu et al., Reported that breech pre-
sentation is associated with DC (P = .015, OR = 1.87) [23]. In the study of Mexican 
children, a strong statistical association was reported between breech presentation 
and DC (P =, 004, OR = 5.32] [24].

3.2.3 Firstborn

Being the first child, the uterine force will be greater, being able to exert greater 
tension to the product [17]. Ömeroğlu et al., studied the relationship with female 
first-born and DDH; they did not find no association with DDH [23].

3.2.4 Ethnicity

It is considered that the frequency of DC in white race is of 50: 1 compared with 
African race; it is more frequent among American Indians and Eskimos than in 
South American or African Indians [11]. Eskimos and American Indians overdress 
children with legs in extension and adduction or move them in wooden strollers with 
narrow space; The Huichols in Mexico transport their babies in their body by hang-
ing their limbs in abduction [11]. Highest incidence were reported from Finland, 
Croatia and Canada (5–195 per 1000), with very low incidences among populations in 
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sub-Saharan Africa and Hong Kong (0–0.1 per 1000) [25]. Geographical and cultural 
factors regarding climate differences and the practice of swaddling respectively may 
in part explain this variation [26, 27].

3.2.5 Female sex

It has been reported that the frequency of hip dislocation is more common among 
women (7:1) in relation to men [11], but DDH is more common in men with up to 1% 
of live new-borns. Ömeroğlu et al., reported no association between female gender 
and DDH [23].

3.2.6 High birth weight

In a series of 100 macrosomic neonates in Celaya, Mexico, Figueroa et al., reported 
that 100% of neonates with clinical maneuvers suggestive of DDH, had ultraso-
nographic data of DDH and 75% of those with clinical maneuvers negatives, also 
presented ultrasonographic data of DDH [9].

3.3 Environment

3.3.1 Microenvironment

3.3.1.1 Oligohydramnios

The presence of little amniotic fluid has been indicated as a risk factor for DDH 
[11, 17], but Ömeroğlu et al., in Turkey, in a retrospective study, found no associa-
tion between oligohydramnios and DDH in children with DDH compared with 
children with healthy hips [23]. It is assumed that having little amniotic fluid the 
contraction force of the uterus will be greater and will affect the product; It is also 
suggested that by decreasing the amniotic fluid, the product will have more space to 
place their pelvic extremities in extension and adduction, favoring the instability of 
the hip.

3.3.1.2 Breech presentation

The breech presentation has been implicated as a risk factor in DDH [4]; products 
with breech presentation, have twice the risk of DDH [23], the risk is strengthened if 
it is with the pelvic extremities in extension and intrauterine adduction [10]. Another 
mechanism is the traction of the pelvic extremities, exerting pressure on the hips for 
the extraction of a product with breech presentation [11].

3.3.2 Environment maternal

3.3.2.1 Primiparous

The idea that primiparous women have a greater risk of having offspring with 
DDH due to greater strength of the uterine musculature has been strengthened, 
which upon contracting will generate greater pressure in the product, but possibly 
also, due to the fact of a narrower intrauterine cavity [11].
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3.3.2.2 Nutrition

Maternal alcoholism has been invoked as a risk factor for DDH [11, 15] and in 
canine animal models, some dietary factors that favor DDH and the severity of it have 
been reported [16]. Excessive caloric intake leads to rapid growth and early overload 
of the bone system and causes an increase in the frequency and severity of DDH in 
genetically susceptible dogs during the first 6 months of life [16, 28].

It has also been pointed out that elevated serum levels of vitamin C could decrease 
the frequency of DDH [16], but controlled studies could not demonstrate this [29]. 
Excessive consumption of vitamin D increases intestinal absorption and renal calcium 
reabsorption, and this may increase the risk of DDH in canine models [16]. This has 
led to a tendency to increase the frequency of DDH in the cold months [30–32] but 
this does not happen in Finland where the highest frequency was in the months of 
June and July [33].

Smoking has also been reported as a risk factor for DDH [16].

3.3.3 Macroenvironment

3.3.3.1 Swaddling or excessive clothing

Excessive clothing has been reported as a risk factor in DDH [9, 11]; Mendoza-
Lara et al., reported a strong association (P < 0.0004) of swaddling with the pelvic 
extremities in extension and adduction, with DDH [24]. This has led to a tendency to 
increase the frequency of DDH in the cold months [30–32] but this does not happen 
in Finland where the highest frequency was in the months of June and July [33].

3.3.3.2 Pull on the hip

Obstetric trauma, traction on the hips to extract a product in breech presentation, 
hold the neonate, after birth, of the heels without support in the back, can cause 
elongation of the ligaments of the hip and cause DDH [11, 16].

4. Clinical diagnosis

If DDH is in a newborn or children, before to walk, clinical maneuvers as Ortolani, 
Barlow, Peter-Baden, piston, limitation of abduction can detect, only subluxation or 
dislocation of the hip. Dysplasia is not detected by these maneuvers.

The sound transmission tests can detect dysplasia, subluxation or dislocation 
[34–37].

From the neonatal stage to one year of age, at each visit to the health worker, the 
following clinical maneuvers should be intentionally sought according to the type of 
pathology.

4.1 Ortolani’s sign

It is found in subluxable lax hips and is absent in teratological (Figure 1) [17]. Both 
extremities are taken, one in each hand, placing the knees between the thumb and 
forefinger, flexing the hips up to 90°, and resting the palm of the hand on the flexed 
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knee and the fingers along the femur, with the Point of the third finger on the greater 
trochanter, fix the opposite hip by applying slight pressure of the knee towards the 
table. The hip under examination is pressed vertically and gentle adduction abduction 
movements are made, looking for the click that occurs when the femoral head jumps 
over the cartilaginous labrum.

4.2 Barlow’s sign

It detects subluxation or dislocation hips, the side to be explored is taken with the 
hand along the femur, with the middle finger located on the greater trochanter and the 

Figure 2. 
Galeazzi sign.

Figure 1. 
Ortolani sign.
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thumb on the lesser trochanter [17]; hip flexion 90° and abducted 45°; with the other 
hand the pelvis is fixed. Femur movements are made from front to back. It is consid-
ered positive when abnormal play is perceived, and the femoral head moves anteropos-
teriorly. It occurs in 75% of newborns but disappears after 30 days in 85% of them.

4.3 Galeazzi sign

The patient is placed supine with the hips and knees bent and the feet resting in 
the plane of the examination table, observing the difference in height of the knees 
(Figure 2) [17]. The problem side is lowered compared to the opposite side.

4.4 Dupuytren’s sign or piston

The patient is placed supine with the leg flexed to 90° at the hip and knee [17]. The 
pelvis is fixed with the thumb of one hand resting on the anterior superior iliac spine 
and the index and middle fingers on the trochanter; With the other hand he takes the 
knee and the leg, making movements up and down (traction and pressure). If it is 
positive, the displacement of the greater trochanter is perceived.

4.5 Sign of abduction limitation

Patient in supine position, with 90° flexion in hips and knees, gently abduct-
ing both legs at the same time [17]. The affected side will show limited abduction. 
Newborns are abducted at 90°; at 15 days of birth it is 60–70°.

4.6 Peter-Baden sign or fold asymmetry

It is the asymmetry and increase in the number of the inguinal and gluteal folds; in 
general, the affected side shows higher folds than the opposite limb (Figure 3) [17].

4.7 Comparative sound transmission test with tuning fork and stethoscope

The patient is placed supine with the lower extremities in extension and adduction; 
a 256-cycle/second tuning fork is placed on one knee and the sound is captured through 
a stethoscope, placing the diaphragm on the symphysis pubis; the tuning fork is placed 
on the opposite knee and the sound is compared to the first side (Figure 4a and b) 
[34–37]. If the sound is less on either side, it is considered positive for that side. If the 
DDC is bilateral, the perception of sound will be the same on both sides.

4.8 Sound transmission test with extension/flexion

The patient is placed supine and the pelvic limbs are aligned in extension and 
adduction; the tuning fork is placed on one knee and the stethoscope with its dia-
phragm is placed on the symphysis pubis; sound is captured; the knee and hip are 
flexed to 90° and the sound is perceived; it is considered positive if the bending sound 
increases, if it decreases or stays the same, it is considered negative (Figure 5) [34–37].

For the extension/flexion sound transmission test, the neonate is placed supine 
with the lower extremities in extension and adduction; the tuning fork is placed on 
the knee on one side and the stethoscope is placed on the symphysis pubis and the 
sound is perceived; the hip and knee are flexed to 90° and the sound is perceived: if 
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the sound is lower or equal, the hip is healthy, if the sound increase, the hip has DDH. 
The opposite side is subsequently evaluated [34–37].

Sound transmission test with bone radar ® (University of Guanajuato, Mexico) or 
electroacoustic probe (Patent pending, University of Guanajuato) [35, 36].

Starting from the properties of bone to transmit sound, we developed a device to 
apply sound transmission tests in an objective way. The device consists of a sound 

Figure 3. 
Peter-Baden sign.

Figure 4. 
a. Compared sound transmission. b. Sound transmission with extension/flexion.
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generator, a receiver placed on a stethoscope and a screen where the sound waves 
appear transformed into digits [35–37].

For the comparative sound transmission test, the newborn is placed supine with 
the pelvic limbs in extension and adduction; the sound generator is placed on the 
knee on one side and the receiver on the symphysis pubis, the digits are recorded 
on screens; the sound generator is placed on the opposite knee and the digits are 
recorded on the screen. If there is a difference in the numbers on either side, it is 
considered positive. In cases of bilateral CDD, the record will be the same on both 
sides [34–37].

For the extension/flexion sound transmission test, the neonate is placed supine 
with the lower extremities in extension and adduction; the sound generator is placed 
on the knee on one side and the receiver is placed on the symphysis pubis and the 
digits are recorded on the screen; the hip and knee are flexed to 90° and the digits are 
recorded on the screen; If the digits on the screen are greater in flexion than in exten-
sion, it is considered positive. The opposite side is subsequently evaluated [34–37].

For sound transmission test with electroacoustic probe, the technique is the same 
that bone radar ®, only the digits in screen are decibels.

4.9 Complementary clinical diagnosis

When the child is walking, look for the Trendelenburg and Duchenne signs. Older 
children who are already wandering, with undiagnosed CDD, present claudication, 
duck gait (in bilateral cases), increased lumbar lordosis, toe gait, and a discrepancy in 
the length of the lower extremities.

5. Complications

Recurrent dislocation, avascular necrosis of the femoral head, femoral fracture, 
and nerve palsy are the most common. The most fearsome complication is avascular 
necrosis of the femoral head, which is due to the reduction, producing cartilaginous 

Figure 5. 
The above figures are using device in flexion of the hip.



Hip Replacement

80

compression and occlusion of extraosseous and intra-articular epiphyseal vessels, 
causing partial or total necrosis of the femoral head.

6. Diagnostic imaging

Diagnosis in the newborn is clinical and is made through the hereditarily and 
perinatal antecedents, as well as by the maneuvers of the deliberate exploration. In 
case of doubt, an echo-sonogram of the hip is used by qualified imaging specialists; 
It should be noted that radiographs are not useful before 4 months of extrauterine 
life.

Ultrasonographic diagnosis is made in the newborn and at any other stage of 
life; It is performed through the static and dynamic test of the hip, with the Graf 
technique, where the angles α and β are measured in each test. Graph I is considered a 
normal hip in the child with α >60° and β <55°; Graf II is considered a physiologically 
immature hip with α 44–59° and β 55–77°; Graph III and IV as a dislocated or dislo-
cated hip with α < 43° and β > 77° (Figure 6a b) [38, 39].

The radiological diagnosis is based on the findings of the anteroposterior pelvic 
plates in neutral position and abducted 45° (Lowestein position). The study is use-
ful from the fourth month of age, since the ossification nuclei of the femoral head 
have already appeared. The following radiographic data can be found: Hilgenrainer’s 
line is a horizontal one that passes through the triradial cartilages of the iliac; the 
Perkins or Ombredanne line is a vertical line that passes perpendicularly through 
the outermost edge of the acetabulum until it surpasses the Hilgenreiner line, 
forming the Putti quadrants (the femoral head must be in the lower inner quadrant, 
normally). The angle formed with line that start from the outer edge of the acetabu-
lum and pass through the bottom of the acetabulum until reaching Hilgenreiner 
line, and Hilgenreiner line, gives us the acetabular index that must be less than 30° 
(Figure 7a) [11, 17].

The Shenton’s arch, passes through the lower edge of the pubis and continues with 
the lower edge of the femoral neck, forming a normal arch; if there is distortion of 
this arch, it is considered a dislocated hip (Figure 7a) [11, 17].

Figure 7 a represents the anteroposterior plate of the pelvis in abduction; Look for 
the Von Rossen sign by drawing a line along the axis of the femur to the midline of the 
spine (King’s midline); the line usually passes through the acetabulum [11, 17].

Figure 6. 
a. Graf technique left hip. b. Graf technique right hip.
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Diagnosis at an early stage (under 2 months): in the dislocated hip there is an 
increase in the acetabular index and absence of the peak of the acetabulum eyebrow. 
In the dislocated and subluxed hip, lateralization of the proximal internal end of the 
neck, Von Rossen sign, and alteration of Shenton’s line are located [11, 17].

Late stage diagnosis: in addition to the above, there is Putti’s triad (increased 
acetabular index, the proximal end of the femur outside and above the Perkins line, as 
well as delayed ossification of the nucleus of the femoral head) [11, 17].

7. Treatment

Treatment will depend on the age at which the diagnosis is made; the best progno-
sis is obtained at the beginning of the management in the newborn. In teratological 
dislocation, the management will always be surgical. In the subluxable hip, wide and 
thick cushions are used to maintain abduction of the hips bilaterally; they are used 
for a time in months that is calculated by multiplying the age in months by two when 
making the diagnosis; monthly clinical control should be performed. Recommending 
the use of a double diaper should be avoided, because disposable diapers do not 
maintain hip abduction [11, 17].

In the dislocated and dislocated hip, the abduction of the thighs is achieved, giving 
stability to the hips, with the use of the Pavlik harness, Fredjka cushion, Von Rossen 
splint, Barlow splint; These devices remain in place until a stronger joint capsule is 
obtained, which is achieved in 3 to 6 months.

If the child is already walking and the hip problem has not been detected, the 
treatment can be surgical and in severe cases, in the event of necrosis of the femoral 
head, place a prosthesis.

8. Discussion

When receiving a newborn, a checklist for risk factors should be applied, already 
indicated as suggested by Ömeroğlu et al. [23], and if the infant has one or more, 
should undergo a Graf ultrasound of the hips to establish whether there is a diagno-
sis of DDH. The use of clinical tests such as Ortolani, Barlow and others should be 

Figure 7. 
a. AP of the hip. b. Lowenstein. Source: Dr. Jaime González-García.
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postponed until the fourth day of extrauterine life, since there will be false positives 
due to the processes of Birth, such as passage through the birth canal or potentially 
the effects of relaxin.

From the fourth day of life, comparative sound transmission tests can be applied, 
which have shown good sensitivity compared to hip ultrasound [12, 13, 35–37], unlike 
the usual clinical maneuvers that show low sensitivity for DDH [13, 35, 37].

Why to use sound transmission tests? Table 1 show validity of the sound transmis-
sion test and sound transmission test with extension/flexion.

The compared sound transmission test evaluate both hips, if them have dysplasia, 
the test give a false negative; this is avoid using the compared sound transmission test 
with extension/flexion,

It was reported, sensitivity for Ortolani de 5.11%, specificity 96.77%, positive 
predictive value 69.23%, and negative predictive value 41.81% [13].

For Barlow test, Padilla et al. [13] reported 2.27, 99.19, 80.00, and 41.69%, 
respectively.

For repeatability, Padilla et al. [35] reported Kappa 0.80 intra-observer and 
0.70 inter-observer, for compared sound transmission test and, Kappa.88 and 0.78, 
intra-observer and inter-observer, respectively, for the sound transmission test with 
extension/flexion.

With electroacoustic probe, the repeatability was Kappa 0.80 intra-observer and 
0.81 inter-observer for compared sound transmission; 0,98 intra. Observer and 0.95 
inter-observer, for compared sound transmission with extension/flexion [37].

Since the 80’s of the 20th century, the use of ultrasound of the hips has been 
recommended instead of radiographs in the newborn and in infants less than 8 weeks 
of extrauterine life, since with radiography, diagnostic errors are generated due to the 
lack of ossification of the femoral head mainly.

If the presence of DDH is adequately orthopedically treated, the cure is 
complete with an excellent prognosis, and this is darkened if it comes to surgical 
treatment.

Sensibility Specifity Positive 
predictive 

value

Negative 
predictive 

value

Comparative sound transmission

Padilla et al. [12] Padilla et al. [13] 
Padilla et al. [35] Padilla et al. [37]

72.7
27.7
60.9

44.83
37.93
37.93

86.6
94.35

92
97.66
98.83
97.66

NR
87.27
51.9
76.47
84.62
73.33

NR
47.7
95

91.26
90.37
90.27

Comparative sound transmission 
with extension/flexion

Padilla et al. [12]
Padilla et al. [13]
Padilla et al. [35]
Padilla et al. [37]

74.4
86.36
82.6
82.76
82.76
86.21

96.9
87.09
96.2
99.42
100.0
100.0

NR
90.47
73.1

96.00
100.0
100.0

NR
81.81
97.8
97.14
97.16
97.71

Table 1. 
Validity of the sound transmission tests.
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In infants, DDH is treated with a Fredjka cushion or Pavlik harness; the double 
diaper should not be used; if the child is already ambulant, he should be evaluated for 
surgical treatment of the hip joint. And in this phase, the presence of necrosis of the 
femoral head should be assessed, since this will lead to the placement of a prosthesis.

The objective of diagnosis and treatment is that the child does not reach the stage 
of ambulation with DDH and avoid surgical treatment, which is a major procedure.

9. Conclusion

It is a pathology that can go unnoticed and its best prognosis is to detect and treat 
it before 6 months of age.

The health professional in charge of the care of neonates and infants, should be 
attentive at each visit, of the state of the hips of each child, applying the usual clinical 
maneuvers and sound transmission tests, and, if necessary, ultrasound of the hips, 
and with this, is possible to establish an early diagnostic of DDH.

The objective is to avoid that infants suffer corrective surgery of the hip and/or 
replacement of the hip.
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Bijan Dehghani, Avi Dravid, Praneeth Thota and Neil P. Sheth

Abstract

Total hip arthroplasty is one of the most widely performed procedures 
 demonstrating excellent clinical outcomes and implant longevity. Enhanced imaging 
modalities, advancements in material science, and improvements in surgical tech-
nique have contributed to the global success of this procedure. One such technique 
has gained significant attention over the past decade – the direct anterior approach 
(DAA). First described by Carl Hueter in 1881, the DAA is now more commonly 
credited to Smith-Peterson. This technique demonstrates rapid recovery, reduced 
hospital length of stay, and enhanced stability. Despite these advantages, there is a 
well reported learning curve for surgeons, particularly for those who trained using an 
alternative surgical approach. In this chapter we explore a methodological approach to 
mitigate and decrease the learning curve; allowing for a safe and reproducible guide 
to teach surgeons how to transition to the DAA.

Keywords: total hip arthroplasty, direct anterior approach, learning curve,  
hip replacement, posterior approach

1. Introduction

Total Hip Arthroplasty (THA) is one of the most commonly performed 
 orthopaedic procedures for the treatment of end-stage hip degeneration. With a 
robust track record of effectiveness and safety, THA has become a widely accepted 
method for providing pain relief, restoring function, and reestablishing a patient’s 
quality of life [1]. Sir John Charnley pioneered one of the first low friction arthroplas-
ties in the 1950s, laying the groundwork for future advancement in the field [2]. Since 
then, advents in technology in the arena of biomaterials, implant design, and surgi-
cal technique have contributed to THA’s widespread acceptance [1]. An estimated 
370,770 hip replacements were performed in 2014, with this number expected to 
reach 635,000 in 2030; this represents a projected 71% increase [3]. A rapidly aging 
population, widening surgical indications, as well as an increased prevalence of 
obesity and associated osteoarthritis have fueled this increase in demand [4].

Total hip arthroplasty can be performed through several surgical exposures, 
including the posterior, posterolateral, direct lateral, anterolateral, and direct anterior 
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approaches [2]. The direct anterior approach (DAA), in particular, has exhibited a 
tremendous amount of enthusiasm in recent years. German surgeon Carl Hueter first 
characterized the anterior approach for accessing the hip joint in 1881, describing an 
inter-nervous and inter-muscular plane between the tensor fasciae latae and sartorius 
muscles – known today as the Hueter Interval [5]. However, American surgeon Marius 
Nygaard Smith-Petersen is credited with popularizing this surgical approach. Although 
this surgical approach was first adopted as a means of reducing congenital hip disloca-
tions, Smith-Petersen also used it to perform mold arthroplasties in 1949 [2, 5].

There is a growing body of literature substantiating the benefits of the DAA. This 
surgical approach is considered less invasive, exhibits greater stability compared 
to other approaches, and results in less overall tissue damage [6, 7]. A randomized 
clinical study comparing the DAA and the posterior approach demonstrated lower 
pain scores and better function during the early stages of recovery with the DAA [8]. 
Additional studies have reported lower pain scores, less blood loss, and increased 
walking speed compared to the direct lateral approach [9]. In the immediate post-
operative period, the DAA patients were discharged from the hospital earlier and 
with greater mobility [10]. However, other studies have shown that differences in 
post-operative recovery may not be clinically significant as they equalize by 6 weeks, 
and maintain in the longer term [6] Regardless of surgical approach, clinical success 
in THA is predicated on adequate surgical exposure, correct component position, 
and proper soft-tissue balancing [11].

Patient demand, as well as marketing by industry and orthopaedic practices has 
contributed to the rise in popularity of the DAA [11]. In an effort to meet demand, 
surgeons may choose to switch from an alternative surgical approach, but, the steep 
learning curve has always been a major barrier, especially if the transition occurs 
once already in practice and dedicated time to pursue formal fellowship training is 
not practical. The DAA is typically performed with the patient in a supine position, 
requiring different sets of retractors, and often use of a specialized operative table 
[12]. Some studies suggest that surgeons should perform at least 100 such operations 
in order to become adequately proficient in the technique [12].

Adult reconstruction fellowships and orthopaedic residency training programs 
have taken notice of this enthusiasm for the DAA, and have addressed this demand 
through formal didactics, surgical videos, hands-on training, cadaveric workshops, 
and educational simulation platforms [13]. For surgeons that do not have the luxury 
of formally training, a systematic, dedicated methodology must be employed when 
transitioning to the DAA in order to minimize complications, achieve favorable clini-
cal outcomes, and recognize the benefits associated with the surgical approach.

2. Surgical technique of the direct anterior approach

The first step in learning the DAA is understanding the anatomy, and more 
particularly the anterior structures of the hip. The important landmarks include the 
anterior superior iliac spine (ASIS) and the greater trochanter (GT). Proper equip-
ment and positioning are paramount for successful procedure. A specialized surgical 
table is often used to allow for controlled manipulation of the extremity; however, 
many surgeons successfully perform this procedure using a regular table. The Hana 
table is commonly described for this purpose as it allows the surgeon to apply trac-
tion, rotate, and abduct/adduct the extremity as needed. The principal author of this 
paper utilizes a Medacta table extension which can be readily attached to a regular 
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surgical table. The patient is positioned supine with a triangular bump under the hip 
to assist with hip extension. The bump should be placed proximal 1/3 and middle 1/3 
of the femur making sure that a hand can be freely moved over the bump.

The surgical incision is marked out 2 cm distal and 3 cm lateral to the ASIS 
(Figure 1); the top of the incision is typically at the midpoint between the ASIS and 
the tip of the GT. The superficial dissection is performed down to the level of the TFL 
fascia which can be identified based on the blue tint of the muscle belly deep to the 
fascia (Figure 2). Using electrocautery or a scalpel, the TFL fascia is incised in-line 
with the muscle fibers and carefully separated from the muscle belly. It is important 
to stay parallel with the muscle fibers to ensure minimal bleeding and muscle damage. 
Retracting the released TFL laterally completes the superficial dissection and should 
expose the fascial floor of the TFL. The TFL is a digastric muscle, therefore, it is 
 critical to make sure that both muscle bellies are retracted laterally.

Figure 1. 
Incision placement for the direct anterior approach. The trajectory of the incision follows the muscle belly of the 
tensor fascia latae (TFL) (Right hip).

Figure 2. 
Following the superficial dissection, the rectus femoris is visible. The deep layer of the dissection beneath the rectus 
is accessed by making a facial incision at the red-yellow junction (dotted white line) and retracting the rectus 
muscle belly medially (Right hip).
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After retracting both the TFL and the rectus femoris muscle belly, the reflected 
head of the rectus (pars reflecta) can be seen inserting proximally on the anterior 
acetabulum (Figure 3). There is typically a fat pad with a small vessel at the insertion 
site. In cases where the pars reflecta is going to be released to allow the rectus femoris 
to relax and enhance surgical exposure, the fat pad needs to be resected and the vessel 
cauterized. We recommend releasing the pars reflecta in all cases early on in the learn-
ing curve. Carefully dissect the investing fascia over the rectus femoris to retract the 
rectus medially and expose the lateral femoral circumflex vessels (Figure 4). Once 
identified, these vessels need to be tied-off or thoroughly coagulated; electrocautery 
alone is typically not adequate.

After appropriately addressing the circumflex vessels, the peri-capsular fat is 
removed and the anterior hip capsule is exposed. While most surgeons are familiar 
with posterior capsular exposure, the anterior capsule creates a bare triangle between 
the iliocapsularis muscle medially, the gluteus medius laterally and the vastus latera-
lus distally. At this point, the option is to perform a capsulotomy (author’s preferred 
technique) or a capsulectomy (Figure 5).

In addition to strong foundation of anatomy and surgical technique the use of 
retractors with appropriate placement is paramount for exposure and safety during 
the procedure. During acetabular exposure and preparation, the principal author 
utilizes two, 45 degree, pointed homan retractors for capsular exposure, placing one 
retractor inferior femoral neck space between the capsule and the muscle and the 
other retractor over the superior femoral neck protecting the gluteus medius muscle. 
Both retractors should be extracapsular; following capsulotomy, the retractors should 
be repositioned intracapsular. Additionally, a charnley retractor is used for hands free 
acetabular exposure. For right sided procedure, the anterior blade should be placed 
in the 1 o’clock position and the posterior blade in the 7 o’clock position. For femoral 
exposure, the use of a dark and stormy retractor placed over the posterior femoral 
neck, distal to the obturator externus muscle to elevate the femur for broaching.

Figure 3. 
The yellow circle denotes the pars reflects tendon as it originates from the anterior lip of the acetabulum 
(Right hip).
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Figure 4. 
The lateral circumflex vessels are typically visible just proximal to the vastus lateralis and course proximal lateral 
to distal medial. The artery typically courses with two accompanying venae comitantes (Right hip).

Figure 5. 
The bare area in the anterior hip capsule is bordered by these muscles. This image shows the femoral head and 
neck after a triangular anterior capsulotomy has been performed (Right hip).
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3. Methodological transition

The decision to transition from an alternative surgical approach is not one to take 
lightly. A surgeon must acknowledge that although they may have significant experi-
ence with performing a THA from an alternate surgical approach, the DAA THA is an 
entirely different procedure, especially if transitioning from a posterior approach – 
the anterior approach is oriented 90 degrees from your normal surgical view. Several 
reports highlight the dangers of inadequate preparation/planning for surgeons start-
ing to perform the DAA leading to significantly increased surgical times and higher 
intra/post-operative complications [14]. Therefore, any surgeon deciding to take 
this step should create a comprehensive and thorough plan involving self-learning, 
mentorship, and cadaver sessions.

Once the decision to transition to the DAA has been made, and familiarization with 
the anatomy and surgical steps has been completed, the focus should be on proper 
surgical indications, common pitfalls, and understanding why you may struggle with 
portions of the procedure. E-learning (technique guides, digital modeling, online 
tutorials, surgical videos) has emerged as a powerful tool with many diverse teaching 
modalities, 24/7 access, and real-time measures progress through testing [15].

Surgical mentorship has been a pivotal aspect of training, emphasized by the 
Halstedian model of educating new surgeons [16]. Identifying a mentor is critical and 
it should be someone that is equally invested in you [17]. Observation of the surgical 
technique should be accompanied by creating a detailed, annotated surgical technique 
guide. This is the most critical part of making the transition and decreasing the learn-
ing curve. Similar to the sequence of surgical steps, the process of creating this surgi-
cal technique guide requires patience, diligence, and attention to detail. Additionally, 
this document should be used to acquaint the surgical team with the procedure, so 
they too can participate in minimizing the learning curve.

After an extensive observership and creating of a technique guide, hands-on 
cadaveric training is the next step in the sequence. The senior author assisted his 
mentor in the lab during a cadaveric demonstration of the procedure. Following the 
demonstration, the senior author performed a DAA THA on the contralateral hip with 
the assistance of his mentor. This cadaveric workshop helped to translate what was 
seen in the operating room during observation into the tangible ability of performing 
the procedure prior to going live on an actual patient.

After selectively identifying patients that should be considered candidates for 
a DAA THA (Table 1), reverse surgical observation by the mentor was arranged. 
The first two DAA THAs were observed by the mentor with real-time feedback and 
guidance provided during the operation. This portion of the training significantly 
decreased the anxiety associated with performing a DAA for the first time. The men-
tor should help with identifying your tendencies and anticipating difficulties (e.g. 
improper retractor placement or limb positioning) before they arise.

All team members should be a part of the learning process. This is not limited to 
the surgical team performing the procedure (surgeon, Fellow/Resident, advanced 
practice provider) but should include the scrub technician, circulating nurse, radiol-
ogy technician, and the anesthesia team. A pre-operative planning session with the 
entire team can be very helpful early on in the learning curve. More importantly, a 
post-operative debrief after every case should be conducted with the team to deter-
mine what went well, what didn’t go well, what did we learn, and what should we 
should do differently for the next case. This process allows for iterative improvements 
with performing the DAA safely and reproducibly.
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4. Continued learning

Creating a schedule that allows for continued learning is imperative. The senior 
author re-visited his mentor after case #30; the surgical team was included as a part 
of this visitation. After 60 cases, the senior author arranged for repeat reverse visita-
tion by the mentor to observe and identify any additional tweaks in the technique that 
should be incorporated. Lastly, data collection is helpful to monitor your tendencies 
and refine the technique to recognize additional efficiencies.

5. Conclusion

It is important to stress that although you may be a skilled arthroplasty surgeon 
and experienced in other THA approaches, learning the DAA approach is like starting 
from scratch. Creating a comprehensive, and methodological, training plan is crucial 
to achieving clinical success while maintain the safety of your patients. Embracing the 
significance of self-learning and critique, active mentorship, and substantial hands-
on training will maximize your time spent re-training. It is important to understand 
that once the training period is complete, the learning period continues. Finally, it is 
imperative to incorporate every member of the operative team as each member plays a 
critical role in executing the procedure and thus achieving a favorable clinical out-
come. In conclusion, transitioning to the direct anterior approach is not a spectator 
sport – this approach requires dedication, diligence, attention to detail, and patience!

Indications Contraindications

Non-muscular patients Muscular patients

Thin patients Obese patients

Patients with normal bone quality Patients with osteoporosis

Long valgus femoral necks Short varus femoral necks

Narrow iliac flares Wide iliac flares

Dorr Type B femoral canal Dorr Type A femoral canal

Retained hardware

Severe dysplasia

Proximal femoral deformity

Table 1. 
Indications and contraindications to guide patient selection during the learning curve.
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