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Abstract
Brucellosis is a common global zoonotic disease, which is responsible for a range
of clinical manifestations. Fever, sweating and musculoskeletal pains are
observed in most patients. The most frequent complication of brucellosis is
osteoarticular involvement, with 10% to 85% of patients affected. The sacroiliac
(up to 80%) and spinal joints (up to 54%) are the most common affected sites.
Spondylitis and spondylodiscitis are the most frequent complications of brucellar
spinal involvement. Peripheral arthritis, osteomyelitis, discitis, bursitis and
tenosynovitis are other osteoarticular manifestations, but with a lower
prevalence. Spinal brucellosis has two forms: focal and diffuse. Epidural abscess
is a rare complication of spinal brucellosis but can lead to permanent neurological
deficits or even death if not treated promptly. Spondylodiscitis is the most severe
form of osteoarticular involvement by brucellosis, and can have single- or multi-
focal involvement. Early and appropriate diagnosis and treatment of the disease
is important in order to have a successful management of the patients with
osteoarticular brucellosis. Brucellosis should be considered as a differential
diagnosis for sciatic and back pain, especially in endemic regions. Patients with
septic arthritis living in endemic areas also need to be evaluated in terms of
brucellosis. Physical examination, laboratory tests and imaging techniques are
needed to diagnose the disease. Radiography, computed tomography, magnetic
resonance imaging (MRI) and bone scintigraphy are imaging techniques for the
diagnosis of osteoarticular brucellosis. MRI is helpful to differentiate between
pyogenic spondylitis and brucellar spondylitis. Drug medications (antibiotics)
and surgery are the only two options for the treatment and cure of osteoarticular
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Core tip: The most frequent complication of brucellosis is osteoarticular involvement,
with a rate of 10%-85%. Sacroiliac and spinal joints are the most common affected sites.
Spondylitis and spondylodiscitis are the most frequent complications of brucellar spinal
involvement. Peripheral arthritis, osteomyelitis, discitis, bursitis and tenosynovitis are
other osteoarticular manifestations. Epidural abscess is a rare complication of spinal
brucellosis but can lead to permanent neurological deficits or even death if not treated
promptly. Spondylodiscitis is the most severe form of osteoarticular involvement by
brucellosis. Brucellosis should be considered as a differential diagnosis for sciatica, back
pain and septic arthritis in endemic regions.

Citation: Esmaeilnejad-Ganji SM, Esmaeilnejad-Ganji SMR. Osteoarticular manifestations of
human brucellosis: A review. World J Orthop 2019; 10(2): 54-62
URL: https://www.wjgnet.com/2218-5836/full/v10/i2/54.htm
DOI: https://dx.doi.org/10.5312/wjo.v10.i2.54

INTRODUCTION
Brucellosis is the most common microbial zoonotic disease in the world and found
endemically in most developed and developing countries. Brucella, an intracellular
bacterium, causes brucellosis and Brucella melitensis spp. is the most common of the
Brucella species[1-3]. This disease was first diagnosed in the Mediterranean area, where
it received its initial name “Malta fever”[4]. Thousands of new cases of brucellosis are
reported  annually  worldwide:  its  annual  incidence  per  million  population  was
reported to be 238.6 in Iran, 262.2 in Turkey, 214.4 in Saudi Arabia and 278.4 in Iraq[5].
Humans  can  acquire  the  infection  mainly  through  occupational  contact  (e.g.,
veterinary,  butcher,  animal  husbandry)  or  consumption  of  contaminated  dairy
products, especially milk, butter and cheese[6-8].

Brucellosis can involve the human body systemically. The most common clinical
presentations  of  human  brucellosis  are  fever,  sweating,  musculoskeletal  pains,
lymphadenopathy  or  hepatosplenomegaly[9,10].  The  musculoskeletal  system  is
particularly involved. Presentations of brucellosis are variable, deceptive and often
non-specific, and they can mimic other infectious and non-infectious diseases[11-13].

For the diagnosis of brucellosis, after primary physical examination, serological
tests [the Wright and 2-Mercaptoethanol (2-ME) tests], cultural and imaging methods
(radiography, computed tomography, magnetic resonance imaging (MRI) and bone
scintigraphy) should be helpful[14,15]. To definitely diagnose brucellosis, the organism
needs to be isolated from blood, bone marrow, wounds, purulent discharge or other
body tissues and fluids, with culture or molecular/histological assessment[16-18]. In the
present  review,  we  have  examined  the  literature  concerning  the  osteoarticular
manifestations of brucellosis, aiming to help physicians and orthopedic surgeons to
provide better clinical management for these patients.

OSTEOARTICULAR MANIFESTATIONS
Osteoarticular involvement is the most frequent complication of brucellosis and can
occur in 10% to 85% of the patients infected with the disease[19]. It is usually seen as
sacroiliitis,  spondylitis,  osteomyelitis,  peripheral  arthritis,  bursitis  and
tenosynovitis[15,20]. The type of skeletal involvement mainly depends on a patient’s age.
This range of manifestations can lead patients to initially visit general practitioners,
and ultimately orthopedic and rheumatology specialists. Variable clinical features and
lack  of  specific  symptoms  often  cause  a  delay  in  diagnosis  of  osteoarticular
brucellosis.
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Spinal brucellosis
The spine is one of the most common organs involved in brucellosis infection with a
rate of 2%-54%, and the lumbar vertebrae are the most frequently affected[21,22].  It
mainly manifests as spondylitis, spondylodiscitis and/or discitis. Back pain is the
most  common compliant  in  spinal  brucellosis  and reported by about  half  of  the
patients.  Some patients  with  spinal  brucellosis,  who have  back  pain  and sciatic
radiculopathy,  are misdiagnosed as having disease of  an intervertebral  disc and
undergo surgery[23,24]. Given the high prevalence of backache, brucellosis should be
considered as a differential  diagnosis  for sciatic  and back pain,  especially in the
patients who are at occupational risk of brucellosis in endemic areas. Serological
screening tests need to be conducted in all such patients[13,22,25,26], although serology
may not be positive in all cases. A radionuclide scan can be a useful tool to determine
the affected site[27,28]. MRI may be the best method to diagnosis and localize the cause
of spondylodiscitis, epidural abscess, or compression on the spine and spinal nerves
related to brucellosis. Epidural abscess is a rare complication of spinal brucellosis but
can lead to severe outcomes, such as permanent neurological deficits, or even death if
not treated timely.

Spondylitis
Spondylitis  or vertebral osteomyelitis  is  inflammation and infection of vertebrae
which has a prevalence rate of 2%-60% and mostly observed in men aged > 40 years
old[22,29].  Lumbar (60%),  sacral  (19%) and cervical  (12%) vertebrae were the most
common affected sites, respectively, in a survey by Bozgeyik et al[30]. There are two
types of spinal brucellosis, focal and diffuse. In focal involvement, osteomyelitis is
localized in the anterior aspect of an endplate at the discovertebral junction, but in the
diffuse type, osteomyelitis affects the entire vertebral endplate or the whole vertebral
body[30,31].  Spondylitis  is  the  dangerous  complication  of  brucellosis  due  to  its
association with epidural, paravertebral and psoas abscess and potential resultant
nerve compression. In one report, rapidly progressive spinal epidural abscess was
observed following brucellar spondylitis, which was primarily misdiagnosed as a
lumbar disc herniation[32]; delay in diagnosis and treatment were responsible for rapid
progression  of  the  disease.  Another  study  reported  a  seronegative  patient  who
developed a psoas abscess following brucellar spondylitis[33]. The basis of spondylitis
diagnosis is microbiological or histopathological assessment of the tissue obtained by
biopsy using a needle with computed tomography guidance. Epidural abscess is a
rare complication of spondylitis  and its  diagnosis is  difficult  due to non-specific
symptoms. Among the serological tests and radiological techniques, MRI is the most
valuable method to diagnose spinal brucellosis or spinal epidural abscess[34,35]. MRI is
also helpful to differentiate between pyogenic spondylitis and brucellar spondylitis[36].

Spondylodiscitis
This is  simultaneous inflammation of vertebrae and disc,  and usually occurs via
hematogenous spread. It is the most severe form of osteoarticular involvement of
brucellosis, because it makes a high rate of skeletal and neurological sequels despite
therapy[32,37,38]. It is stated that 6%-85% of brucellosis osteoarticular involvements are
related to brucellar spondylodiscitis. Lumbar (60%-69%), thoracic (19%) and cervical
segments  (6%-12%)  are  reported  to  be  more  involved  in  the  spinal  area[39-41].
Spondylodiscitis can be seen as single-focal and/or contiguous or non-contiguous
multi-focal involvements. Multi-focal skeletal involvement in the spinal system was
seen in 3%-14% of  patients[41,42].  Radionuclide bone scintigraphy is  an important
technique in determination of musculoskeletal region of brucellosis. Increased uptake
of  the  involved  region  on  bone  scintigraphy  is  more  in  favor  of  brucellar
spondylodiscitis  than  tuberculous  spondylodiscitis[43,44].  MRI  is  the  choice  for
diagnosis of spondylodiscitis, epidural abscess and cord or root compression relevant
to brucellosis[30,45,46]. In MRI, the lesion is found as destructive appearance (Pedro Pons’
sign) at antero-superior corner of vertebrae accompanied by prominent osteosclerosis,
which  is  a  pathognomonic  finding [47,48].  Back  pain  is  the  main  symptom  of
spondylodiscitis, however, it is not a specific symptom and usually leads to a delay in
diagnosis and late treatment. Therefore, in the endemic regions, it is necessary to
consider spondylodiscitis as a differential diagnosis for long-term cervical, lumbar
and sacral pain (especially among elderly patients) and perform screening serological
tests to achieve early diagnosis and prevent its late complications[49,50].

Discitis
The intervertebral disc can be infected without spondylitis, which is named discitis. In
addition to back pain, disc herniation and sciatica can be described by the patient with
discitis[51,52], therefore, this disease should be considered in the differential diagnosis of
those symptoms. It was observed that the simultaneous existence of spondylolysis
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and spondylolisthesis with brucellar discitis caused misdiagnosis[53].

Sacroiliitis
Large  joints,  like  sacroiliac,  are  the  most  common  regions  of  musculoskeletal
involvement of brucellosis[31]. Sacroiliitis, or inflammation of sacroiliac joint, has been
observed in nearly 80% of patients with focal complications and more frequently in
adults[31,46]. Its clinical symptoms (septic or reactive forms) mimic acute low back pain
or lumbar disc herniation and the back pain may radiate into the tight, however,
chronic sacroiliitis is associated with chronic back pain[54,55]. Although low back pain is
the important symptom, 24% of the patients were asymptomatic in a study[56]. It is
reported that the rate of sacroiliitis is high in those patients who are infected with B.
melitensis spp.[15,57]. Both of unilateral and bilateral forms of brucellar sacroiliitis have
been reported[56,58]. Sacroiliitis was also simultaneously seen with dactylitis, olecranon
bursitis, humerus osteomyelitis and iliac muscle abscess, and with other systemic
diseases, like endocarditis, pyelonephritis and thyroiditis[59-62]. A study showed that
high-resolution MRI has a higher sensitivity than scintigraphy in the diagnosis of
brucellar sacroiliitis[63].

Limbs
Brucellosis with peripheral skeleton involvement is less prevalent compared with
vertebral features. It can manifest as arthralgia, enthesopathy, osteomyelitis, arthritis,
bursitis, tendonitis and tenosynovitis[64-67]. Arthritis occurs in 14%-26% of the patients
suffering from acute, sub-acute or chronic brucellosis[68,69]. Knee, hip and ankle joints
are among the most common peripheral regions affected by brucellosis and these
patients present with arthritis[15,70].  Shoulders, wrists, elbows, interphalangeal and
sternoclavicular joints may also be involved[28,69,71]. Chronic knee arthritis along with
osteomyelitis  have  also  been  reported[72,73].  Multiple  joint  arthritis  caused  by
brucellosis was reported in 17% of patients in a study[74]. In children, monoarthritis is
the most common type of musculoskeletal brucellosis that mostly involves hip and
knee joints,  but adjacent bone osteomyelitis  may also exist  simultaneously[15,75,76].
Brucellosis  can  involve  the  peripheral  joints  through  septic  (with  presence  of
pathogen) and reactive (lack of the pathogen) mechanisms[64,77].

Septic arthritis caused by brucellosis has been reported in the literature and it has
been recommended that patients with septic arthritis living in the endemic areas, be
examined in terms of brucellosis[68,74,78]. Septic arthritis in brucellosis progresses slowly
and starts with small pericapsular erosions. Blood culture is positive in 20%–70% of
such patients.  Although synovial  fluid assessment  is  the  most  useful  diagnostic
method, the isolation of the pathogen from synovial fluid is not easy[79]. In relation to
the diagnosis of purulent arthritis, it may be necessary to rely on bone marrow culture
in those patients with negative serology[80-82].

Knee arthritis has obvious symptoms and is less difficult to diagnose and treat due
to easy access. However, the diagnosis and treatment of hip arthritis is more difficult
and  delay  in  diagnosis  and  treatment  may  lead  to  serious  and  irreparable
complications, such as dislocation and necrosis of the femoral head[73,83]. Brucellosis
should be considered in the differential diagnosis for a patient presenting with knee
or hip arthritis symptoms in endemic regions to prevent misdiagnosis and serious
complications. For example, misdiagnosis due to serological false negative test and
improper interference in surgery was reported about brucellar arthritis  of  hip[84].
Almajid reported a rare case of  brucellar  olecranon bursitis  whose serology was
negative,  but the blood and aspirate cultures were positive[85].  Brucellar arthritis
following implantation of artificial knee and hip joints has been reported, which the
medications may not be enough and removing the prosthesis might be needed[86-88].
Due to the synovial involvement of the disease, pathological evidence may not be
found on radiograph in the early phase of infection.

Other manifestations
Spondyloarthritis following brucellosis was reported[77]. Sternal osteomyelitis caused
by  B.  melitensis  was  observed  following  median  sternotomy[89].  In  a  study  by
Ebrahimpour et  al[69],  brucellosis  was attributed to  sternoclavicular  (4.5%),  wrist
(2.4%),  elbow  (1.07%)  and  shoulder  (0.6%)  arthritis.  Delay  in  the  diagnosis  of
brucellosis results in prolong disease duration which can lead to osteomyelitis or
osteolytic lesions. Brucellar osteomyelitis has been observed in closed femur fracture
and a pathologic humerus fracture[90,91]. It was also seen in association with prosthetic
extra-articular hardware[92]. We reported the first case of brucellar osteomyelitis of
pubic  symphysis,  who  was  symptom  free  within  two-year  follow-up  despite
inappropriate initial antibiotherapy[93].
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LABORATORY INVESTIGATIONS
Laboratory tests following physical examinations are essential in order to diagnose
brucellosis.  Serology  is  often  positive  in  the  patients.  In  the  acute  infection,
immunoglobulin M (IgM) antibody firstly appears, followed by immunoglobulin G
(IgG)  and  immunoglobulin  A (IgA)[14,94,95].  The  Wright  test,  which  is  a  standard
agglutination test (SAT), measures the total amount of IgM and IgG antibodies, and
the 2-ME test measures IgG antibody. In the endemic regions, a SAT titer ≥ 1:160 and
2-ME  titer  ≥  1:80  is  in  favor  of  brucellosis  diagnosis [94,96,97].  Enzyme-Linked
Immunosorbent  Assay  (ELISA)  is  another  type  of  serological  test,  but  has  less
sensitivity and specificity[98]. Polymerase chain reaction (PCR) is a molecular method
which  can  be  very  useful  due  to  its  quick  procedure  and  high  sensitivity  and
specificity, if it is available[99].

TREATMENT
The main purpose of antimicrobial medications in brucellosis is to treat the disease
and its symptoms and signs, and to prevent the relapse. Combinations of doxycycline,
streptomycin, gentamicin, ciprofloxacin, ofloxacin, co-trimoxazole (trimethoprim plus
sulfamethoxazole) and rifampicin are used for antibiotherapy[100-102].  No standard
therapy exists for osteoarticular brucellosis and physicians prescribe drugs based on
their  experiences  and  conditions  of  the  disease  (the  involved  site,  and  being
complicated/uncomplicated). Triple regimen containing streptomycin (1 g daily) plus
doxycycline (100 mg twice daily) plus rifampin (15 mg/kg daily) over 6 months had
100% efficacy  on  brucellar  spondylitis[21].  Similar  results  were  found using  this
regimen[103,104].  In  contrast,  double  therapy  with  doxycycline  and  rifampin  was
associated with relapses[19,104]. With respect to brucellar spondylitis, patients need a
long-term anti-bacterial medication (usually at least three months), mainly aiming to
prevent relapses.  Those patients who failed antibiotic therapy or presented with
progressive neurological deficit, need surgical intervention[34,105,106]. The rate of surgical
drainage in spinal brucellosis was reported in the range of 7.6%-33%[107]. In case of
abscess in those patients with spondylodiscitis, treatment duration will be prolonged
and surgery may be needed[47].

CONCLUSION
Brucellosis has variable clinical features and osteoarticular manifestations are the
most common. Sacroiliac and spinal joints are the most frequently involved regions.
Monoarthritis (knee/hip), sacroiliitis and spondylitis predominate in children, adults
and the elderly, respectively. In order to diagnose the disease, physical examinations,
laboratory tests and imaging techniques are needed. Brucellosis should be considered
as a differential diagnosis for sciatic and back pain, especially in the endemic regions.
Radiological assessments would be very helpful in such cases. Patients whose big
joints,  bone and artificial  joints are involved, may be referred to a rheumatology
center.  Considering  that  these  patients  usually  need orthopedic  evaluation  and
treatment, it is recommended to refer them to an orthopedic center in order to prevent
adverse effects caused by delay in the treatment. Early and appropriate diagnosis and
treatment of the disease is the key of success in management of the patients with the
osteoarticular manifestation of brucellosis. This is feasible by an early collaboration of
orthopedic surgeon with a specialist in infectious diseases.
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Abstract
Total knee arthroplasty is a common procedure, with extremely good clinical
results. Despite this success, it produces 20% unsatisfactory results. Among the
causes of these failures is metal hypersensitivity. Metal sensitization is higher in
patients with a knee arthroplasty than in the general population and is even
higher in patients undergoing revision surgery. However, a clear correlation
between metal sensitization and symptomatic knee after surgery has not been
ascertained. Surely, patients with a clear history of metal allergy must be
carefully examined through dermatological and laboratory testing before
surgery. There is no globally accepted diagnostic algorithm or laboratory test to
diagnose metal hypersensitivity or metal reactions. The patch test is the most
common test to determine metal hypersensitivity, though presenting some
limitations. Several laboratory assays have been developed, with a higher
sensitivity compared to patch testing, yet their clinical availability is not
widespread, due to high costs and technical complexity. Symptoms of a reaction
to metal implants present across a wide spectrum, ranging from pain and
cutaneous dermatitis to aseptic loosening of the arthroplasty. However, although
cutaneous and systemic hypersensitivity reactions to metals have arisen, thereby
increasing concern after joint arthroplasties, allergies against implant materials
remain quite rare and not a well-known problem. The aim of the following paper
is to provide an overview on diagnosis and management of metal
hypersensitivity in patients who undergo a total knee arthroplasty in order
clarify its real importance.

Key words: Knee arthroplasty; Total knee arthroplasty; Metal hypersensitivity; Metal
allergy; Non-allergenic implants
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Core tip: Metal hypersensitivity may be a cause of failure for total knee arthroplasty,
although a clear correlation between metal sensitization and symptomatic knee after
surgery has not been ascertained. Patients with a clear history of metal allergy, must be
carefully examined through dermatological and laboratory testing before surgery.
However, despite the increase in cutaneous and systemic hypersensitivity reactions to
metals, which raise concern about joint arthroplasties, allergies against implant materials
remain quite rare and an unexplored issue.
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INTRODUCTION
Osteoarthritis is a degenerative disease affecting an important part of the population
aged 65 or older, with a reported prevalence higher than 30% in the United States[1].
Its incidence increases with age and overweight status[2]. Its aetiology has not been
completely clarified, but likely entails a multifactorial interplay of mechanical and
biological  causes.  Various  molecular  mediators  involved in  the  development  of
osteoarthritis have been identified[3-4], although their clinical relevance has yet to be
demonstrated. Surgical therapy is required in cases of advanced osteoarthritis.

Total knee arthroplasty (TKA) is a common procedure performed in increasing
numbers worldwide[5]. Despite its great success, up to 20% of patients still complain of
unsatisfactory results[6]. Although several causes, such as infection or malalignment,
have been shown to be most  commonly responsible  for  dissatisfaction and poor
outcomes, in the last decades another possible explanation has gained popularity:
implant-related metal (or less frequently cement) hypersensitivity. In other words, an
immunological reaction to the metallic portion of TKA components or to the bone
cement[7,8]. The hypothesis is supported by studies showing a higher prevalence of
positive patch tests after TKA implantation[9-11]. However, even if local and systemic
exposure to metals deriving from the implanted device can cause sensitization, the
positivity of a metal test cannot be held as a proof of symptom causality[12].  As a
matter of fact, it has also been shown that many patients who underwent TKA did not
develop any complication after surgery, despite being sensitive to metal[13].

Looking at the epidemiologic data, 10% to 15% of the general population present
dermatologic symptoms caused by metal hypersensitivity. Nickel is responsible in the
majority of cases, while cobalt, chromium, beryllium and less frequently tantalum,
titanium and vanadium are responsible for dermal symptomatology in a smaller
number of cases[14].  However, taking into consideration patients undergoing TKA
revision, it has been reported that less than 2% showed “metal related pathologies”[15].
Bone cement hypersensitivity is even more rare[16]. Therefore, it appears quite clear
that the role of metal or cement allergies in TKA failures remains a controversial issue.
The  aim  of  the  following  paper  is  to  provide  an  overview  on  diagnosis  and
management of metal hypersensitivity in patients who undergo a TKA in order clarify
its real importance.

CAN PATIENTS WITH AN INCREASED RISK OF METAL
HYPERSENSITIVITY BE RECOGNIZED BEFORE SURGERY?
Patient-reported allergies and history (family history, exposure, occupation, and self-
reported allergies) are of utmost importance as a first diagnostic step. Although there
are no guidelines, routine preoperative evaluation in patients reporting no history of
adverse cutaneous reactions to metals or history of adverse events related to previous
implant  of  metallic  devices  is  not  necessary  and  therefore  not  recommended.
Moreover, use of conventional cobalt-chromium implants is also allowed without
additional preoperative investigation, even in patients reporting only mild cutaneous
reactions. An opposite consideration is that it is mandatory for patients reporting
substantial cutaneous or systemic reactions to undergo patch testing before TKA[9,17]
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(Figure 1).

SYMPTOMS AND DIAGNOSIS
After TKA implantation, clinical presentation of metal hypersensitivity is unspecific
and symptoms are common to other complications. Metal hypersensitivity is a very
rare condition and is usually a diagnosis of exclusion. The most common symptoms
are joint effusion, swelling, stiffness, persistent pain at rest and decreased range of
motion; less frequently, it is characterized by eczematous dermatitis, which can be
local or generalized, extended to the neck, buttock and extremities[18]. Rarely, a general
complication may occur, such as rhinitis, itching or asthma, hair loss and alopecia.
The time range of first symptoms is variable, from 4 wk to 2 yr[19].

As a matter of fact, residual pain after TKA has many causes that need to be ruled
out before a metal hypersensitivity is taken into consideration (Figure 2). An infection
must be first ruled out by blood tests (erythrocyte sedimentation rate and C-reactive
protein) and joint synovial fluid aspirations. Moreover, other common causes of pain,
such as midflexion instability, component malalignment with patellar maltracking,
crepitation  and  patellar  clunk,  can  be  ruled  out  by  physical  examination.  Less
common causes are early aseptic loosening and avascular necrosis of the patella[20].
Surely, a metal hypersensitivity should be suspected in patients with a clear self-
reported history of metal reactions.

Radiographic images can show osteolytic lesions in the proximity of the femoral
and tibial components, which formed as a result of the inflammatory response and
can lead to aseptic loosening of the implant, loss of tibial posterior slope and setting of
the  tibial  base  plate  into  varus,  as  compared to  the  previous  images  taken after
surgery[21]. The diagnostic algorithm is based on metal hypersensitivity aetiology. The
immunological reactive mechanism to metallic components is still an unclear and
debated issue. Metal hypersensitivity is generally a type IV allergic reaction, meaning
that immune response acts through a delayed cell-mediated response, with activation
of specific CD4+ T lymphocytes, macrophages, dendritic cells and other immune cells
found within the synovial tissue. This response produces tissue inflammation and
periprosthetic tissue damage, powered by the incretion of cytokines involved in the
pro-inflammatory pathway, including interleukin (IL)-1, IL-12, IL-6, tumour necrosis
factor  and  interferon-gamma.  In  particular,  it  must  be  highlighted  that  this
mechanism  of  metal  hypersensitivity  is  different  from  those  that  characterize
lymphocyte-dominated non-septic vasculitis-associated lesions and pseudotumours
that  are  reported as  adverse local  tissue reactions after  metal-on-metal  total  hip
arthtroplasty[18].

No generally accepted and reliable tests are available for the clinical diagnosis of
metal hypersensitivity after TKA[22]. Patch test is the most frequent method used to
diagnose contact allergy to metals and is, up to now, considered the gold standard.
However, its validity faces a lot of controversy, and its sensitivity and specificity are
77% and 71%, respectively[18]. It is an in vivo test, widely available and easy to apply,
so  it  can  provide  results  within  a  few days.  The  hypothesis  that  cutaneous  and
systemic hypersensitivities are strictly related to the presence of metal after TKA is
supported by a series of studies that found an important prevalence of positive patch
tests after implantation of metallic TKA components. As already highlighted, the most
common sensitizations to metal are with nickel, chromium and cobalt[19]. Patch test
can be performed not only for  metals  but also for  cement components,  by using
adhesive patches loaded with a known concentration of specific allergens compared
with vaseline. However, patch tests also present some important limitations, namely
skin  reactions  that  are  different  compared with  deep tissue  layers  and the  joint
environment, with the potential of an antigen-presenting mechanism being altered
thereby. Patch tests also have different preparation and plots which can differ from
subject to subject and tester to tester[23]. According to the published guidelines of the
German Contact Allergy Group, patch testing should be exclusively regarded as a
mean to “verify or exclude metal allergy in patients with a corresponding history”[24].
The American Contact Dermatitis Society has defined criteria for the diagnosis of
post-implantation metal hypersensitivity contact dermatitis[25].  In particular, they
proposed four major and six minor criteria, reported here in Table 1.

Several  laboratory  assays  have  been  proposed  over  the  years.  Lymphocyte
transformation test is an in vitro test which analyses the proliferation of lymphocytes
obtained by peripheral blood draw after contact with a metallic implant. It compares
peripheral blood lymphocyte proliferation upon a 7 d incubation period, with and
without the addition of metal antigen. Lymphocyte transformation test sensitivity is
higher than patch testing, and provides quantifiable data and is very reproducible.

WJO https://www.wjgnet.com February 18, 2019 Volume 10 Issue 2

Saccomanno MF et al. Allergy in total knee replacement

65



Figure 1

Figure 1  Preoperative diagnostic algorithm to select patients requiring hypersensitivity-friendly implants.

Despite these positive aspects, this test is poorly available and there are a limited
number of allergens that can be tested[19].

Even if many cytokines may be overexpressed in other conditions and diseases,
enzyme-linked immunosorbent assay (commonly known as ELISA) testing can be
used for measurement of cytokines released by stimulated cells.

Other in vitro tests are the Modified Lymphocyte Stimulation Test, the Lymphocyte
Activation  Test  and  the  Leukocyte  Migration  Inhibition  Test.  The  Modified
Lymphocyte  Stimulation  Test  has  been  described  as  a  reliable  test  to  diagnose
systemic metal hypersensitivity, but it is currently impossible to use in large-scale
settings because of its costs and limited availability[26]. The Lymphocyte Activation
Test quantifies the expression of specific receptors (CD69) on circulating mononuclear
cells after stimulation with metals. The Leukocyte Migration Inhibition Test measures
the speed of migration of leukocytes after contact with sensitizing allergens. Another
technique,  even  if  not  yet  disseminated,  is  confocal  microscopy,  which  can
demonstrate intracellular abnormalities of the stimulated cells after contact with
metals by 3D images obtained by computer tomography[23].

If  the implant has to be removed, intra-operative biopsies and a consequential
histopathological work-up can be used to confirm implant-related hypersensitivity. In
those  cases,  periprosthetic  membranes  are  characterized  by  a  pronounced
lymphocytes’ infiltration[19]. At the histologic analysis of the synovial membrane, the
characteristic pattern is granulation tissue and fibrosis, along with numerous giant
cells  and calcification.  In support  of  the hypothesis  that  a  chronic  inflammatory
response is  the cause of  synovitis,  lymphocytic  and plasma cell  infiltrates in the
surrounding synovial tissue have also been reported[18].

MANAGEMENT
Management of patients with a suspicion of metal hypersensitivity is still not well
defined. Once again, several authors have reported that patients with an ascertained
diagnosis of metal allergy who underwent knee replacement with a metal-containing
prosthetic device present no clinical evidence of metal hypersensitivity[27], and that no
correlation between metal hypersensitivity and complications connected with the
prosthesis  could  be  found[28].  Therefore,  although  implant  removal  is  surely  a
definitive solution, it must be considered very carefully, as a last option.

Good results have been reported after short-term therapy including topical steroids
in the treatment of cutaneous dermatitis and non-steroidal anti-inflammatory drugs
or  physical  therapy  to  manage  pain  caused  by  synovitis[29,30].  By  the  end,  if  the
symptoms do not resolve, one-stage revision surgery with a hypoallergenic implant
should be considered. Resolution of symptoms after revision surgery is expected in 2-
3 mo after surgery.

“HYPERSENSITIVITY-FRIENDLY” IMPLANTS
When a metal hypersensitivity has been diagnosed, surgeons need safe implants;
many  “hypersensitivity-friendly”  knee  arthroplasty  components  are  currently
available from various manufacturers. They can be divided in two categories: Coated
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Figure 2

Figure 2  Algorithm for diagnosis and treatment for metal hypersensitivity-related adverse reactions.

implants and non-allergenic implants[23,31].
Cobalt chrome (CoCr) implants coated with a hypersensitivity-friendly thin layer

provide the advantage of retaining part of the superior tribological properties of
CoCr; yet, the hypersensitivity-friendly layer, after scratching or wear can become
damaged, exposing the underlying allergenic alloy[31]. Non-allergenic implants are
made of non-CoCr alloys; while reducing the risk of exposure to allergenic metals,
they usually show inferior physical properties compared to CoCr alloys[31]. They can
be  made  of  oxidized  zirconium,  pure  titanium  or  ceramic  femoral  components
associated with a tibial tray made of titanium or polyethylene[23].

The aim of the development of the Titanium Nitride (TiN) coating of knee implants
was to improve their biocompatibility and mechanical properties[32]. TiN is applied as
a 3–4 μm layer on CoCr implants[32]. In biomechanical studies, it has been shown to
provide a 98% reduction of polyethylene wear[33]. Specifically, TiN showed a high
resistance to adhesive wear and less adhesion to polyethylene; in addition, while
CoCr catalyses polyethylene degradation, TiN is inert[34]. Sealing the CoCr surface,
TiN reduces the cobalt and chromium ions release[32,35],  avoiding hypersensitivity
reactions. Despite this theoretical advantage, in a clinical trial, no difference in metal
sensitization  and  blood  ion  concentration  has  been  found  between  coated  and
uncoated  arthroplasties[26].  TiN-coated  implants  have  shown  good  clinical  and
radiological results[36]. They were shown to have a 95.1% survival rate for any reason
at 10 yr. When compared to a standard CoCr implant, they showed no difference in
functional outcome, range of motion, revision rate and postoperative pain[37].  The
titanium niobium nitride-coated implants showed similar results; comparison of the
titanium niobium nitride  implants  with  standard  CrCo implants  resulted  in  no
statistical  difference in clinical  outcome scores,  range of  motion or  radiographic
evaluation at 1-yr follow-up[38].

Zirconium is a metal with physical properties resembling those of titanium. Its
oxide,  named  zirconia,  is  a  ceramic  material.  The  coupled  zirconium-oxidized
zirconium has been used as a hybrid material to produce knee arthroplasty implants.
It is composed of a core of solid metal, surrounded by a ceramic zirconium oxide
(ZrOx) layer which cannot be considered as a coating but instead as the surface of the
metal alloy[39]. This material couples the superficial wear characteristics of the ceramic
zirconia  and  the  strength  of  the  internal  metal.  ZrOx  causes  less  wear  of  the
polyethylene than CoCr components and shows a better resistance to abrasion[40]. In
an in  vitro  study,  a  reduction of  42% of  polyethylene wear was demonstrated[41].
Containing no nickel, it is absolutely safe in metal-sensitive patients[37].  The ZrOx
femoral  component  is  usually  coupled  with  a  pure  titanium tibial  baseplate.  A
survival  rate  of  95%-98.7%  has  been  reported  at  a  5-10  yr  follow-up[42,43].  No
radiographic failures have been found in short-term[44] or long-term[43] follow up. In a
clinical study comparing the results of ZrOx and CoCr arthroplasties implanted in
patients undergoing simultaneous bilateral knee replacement, 44% of the patients
perceived their knees as equivalent at a 5-yr follow-up[45].
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Table 1  Diagnostic criteria for post-implantation metal hypersensitivity[25]

Major criteria

Eruption overlying the metal implant

Positive patch test reaction to a metal used in the implant

Complete recovery after removal of the offending implant

Chronic dermatitis beginning weeks to months after metallic implantation

Minor criteria

Unexplained pain and/or failure of the offending implant

Dermatitis reaction is resistant to therapy

Morphology consistent with dermatitis (erythema, induration, papules, vesicles)

Systemic allergic dermatitis reaction

Histology consistent with allergic contact dermatitis

Positive in vitro test to metals (e.g., lymphocytes transformation test)

Ceramic implants, being bioinert, represent a further choice for patients with metal
hypersensitivity. These materials have a load to scratch that is 5 times greater than
that of ZrOx and 10 times greater than CoCr, resulting in less wear of the surface and,
consequently, less third-body wear of the polyethylene[46]. Among ceramics, zirconia is
especially suitable for development of implants because of its tensile stress resistance
and the possibility to shape it with a thickness similar to that of CoCr components[47].
Good clinical and radiographic results have been reported with these implants[47-49]; at
2-yr and 5-yr follow-up, neither clinical or radiological outcome nor revision rate
difference between the CoCr and ceramic implants could be found[48,49], and a survival
rate of 97.4% at 10 yr and 94% at 15 yr has been reported[50,51].

All-polyethylene tibial implants should provide the advantages of a thinner bone
resection, thicker polyethylene implant and absence of locking mechanisms[52]. In a
meta-analysis,  no  increased  revision  rates  were  found  at  5  yr  and  10  yr,  when
compared to  metal-backed tibial  components.  No difference  could be  found for
clinical  and  functional  outcomes  as  well[53].  Should  the  patient  be  allergic  to  a
substance contained in the cement, cementless implants are available. Advantages of
cementless fixation are preservation of bone stock, provision of a biological fixation of
the implant to the bone and avoidance of cement and its wear particles[54]. At 10 yr, a
survival rate of 98.9% has been found[55]. In a recent meta-analysis, no difference could
be found in terms of implant survivorship, clinical outcomes, radiological outcomes
and complications between cemented and cementless implants[54].

CONCLUSIONS
Metal hypersensitivity is a rare condition. Routine allergy testing or patch testing
prior to TKA is not recommended, unless a clear history of local or systemic reactions
has been reported. In cases of positive history and positive tests, a hypersensitivity-
friendly implant should be considered. However,  there is still  a lack of evidence
regarding  correlation  between  metal  hypersensitivity  and  implant-related
complications. As a matter of fact, after TKA, one-stage revision surgery for metal or
bone  cement  hypersensitivity  should  be  considered  only  after  ruling  out  most
common causes of TKA failure and even after a short-term therapy aiming to solve
cutaneous dermatitis and pain. In this paper, we report the up-to-date knowledge on
metal hypersensitivity, suggesting how to make diagnosis of metal hypersensitivity,
to treat the symptoms, and to avoid its presentation. Further studies are needed in
order to reach a definitive conclusion on the role of metal ions in sensitization and
development of implant-related metal hypersensitivity.
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Abstract
Cuboid fractures due to the particular bone anatomy and its protected location in
the midfoot are rare, and they are usually associated with complex injuries of the
foot. Clinical examination to diagnose these fractures should be detailed and the
differential diagnosis, especially in the case of vague symptoms, should include
the exclusion of all lateral foot pain causes. Conventional radiographs do not
always reveal occult fractures, which can be under diagnosed especially in
children. In this case, further investigation including magnetic resonance imaging
or scintigraphy may be required. The treatment of these injuries depends on the
particular fracture characteristics. Non-displaced isolated fractures of the cuboid
bone can be effectively treated conservatively by immobilization and by avoiding
weight bearing on the injured leg. In the case of shortening of the lateral column
> 3 mm or articular displacement > 1 mm, surgical management of the fracture is
mandatory in order to avoid negative biomechanical and functional
consequences for the foot and adverse effects such as arthritis and stiffness as
well as painful gait. In this review, an update on diagnosis and management of
cuboid fractures is presented.

Key words: Cuboid; Fracture; Diagnosis; Treatment; Surgery
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Core tip: The cuboid bone is an essential anatomic element of the midfoot contributing
greatly to foot biomechanics. Cuboid fractures are rare and usually associated with
complex foot fractures and dislocations. Such fractures require a high level of attention
in order to ensure a timely diagnosis. Besides a detailed physical examination, further
radiological assessment will identify the presence and type of fracture. Although simple
cuboid fractures are effectively treated conservatively, displaced fractures require
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surgical treatment in order to avoid future devastating consequences. Because of the lack
of adequate scientific evidence, the ideal surgical approach is still not universally
accepted.
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INTRODUCTION
Cuboid single fractures are rare due to the particular bone anatomy and the protected
location of the midfoot. Their annual frequency reaches 1.8 per 100000 in the United
Kingdom[1] and typically occur in combination with other midfoot fractures such as
navicular  or  cuneiforms  fractures  or  are  associated  with  Lisfranc  and  Chopart
fractures and dislocations[2,3].

Cuboid fractures can be the result of bone injury due to compression after a car
accident  or  direct  crush of  the lateral  aspect  of  the dorsum of  the foot  as  it  may
happen after a heavy object falls on the foot. They may also be the result of avulsion
injury involving any ligamentous attachments of the cuboid e.g.,  calcaneocuboid
ligament. Such an injury is attributed to ankle sprain as a result of a twisting injury of
the foot with the hindfoot inverted and the forefoot adducted. A particular type of
isolated cuboid fracture was presented in the literature by Hermel and Gershon-
Cohen[6]  in 1953 who coined the term “nutcracker fracture” in order to describe a
cuboid fracture that is caused by compression between the calcaneus proximally and
the bases of the fourth and fifth metatarsals distally. This fracture is the result of
forced plantar  flexion of  the  hindfoot  and midfoot  against  the  fixed and forced
abduction forefoot[2,4-6]. This injury is also described as a result of equestrian-related
injuries  in  children  and  adolescents  where  compression  cuboid  fractures  are
combined with other midfoot injuries such as avulsion and compression navicular or
cuneiform fractures[7].

Cuboid stress fractures are less common than fractures in other tarsal bones such as
calcaneus and navicular because the cuboid is not a weight-bearing bone[8].  These
fractures  may occur  in  both toddlers[9-13]  and adults[8,14-17]  and may be a  result  of
overuse affecting athletes[8,15] or military recruits[18]. They may also follow osteoporosis
and reduced bone strength[17]. Although they are successfully treated non-operatively
without having adverse effects due to vague symptoms, they may initially not come
to attention[5].

Cuboid fractures are not always recognized promptly due to the special anatomy of
the foot and the difficulty in interpreting the radiologic findings. However, delayed
identification and effective treatment of these injuries may have adverse effects on the
biomechanics of the foot, such as loss of length of the lateral column resulting in
forefoot abduction and also lesser metatarsals lateral subluxation, resulting in planus
deformity associated with compensatory hindfoot eversion and posterior tibial tendon
insufficiency[4,19]. Anatomical disorder of the bone articulations with tarsal bones of
may lead to foot stiffness and painful arthritis as well as foot deformity[20].

This review analyzes the modern diagnostic and therapeutic approach of these rare
though  challenging  fractures  whose  inappropriate  and  delayed  management,
according to their specific characteristics can have significant negative consequences
on the mechanics and functionality of  the foot,  causing pain and stiffness to the
injured limb with a final negative impact on a patient’s quality of life.

CLINICAL ANATOMY
The cuboid is  one  of  the  seven bones  of  the  midfoot  and hindfoot  located most
laterally in the distal  tarsal  row in the center  of  the foot  lateral  column. It  has a
pyramidal shape with five articular surfaces that are articulated with the bases of the
fourth and fifth metatarsal bones in front with the calcaneus on the back as well as
with the lateral cuneiform and navicular medially (Figure 1). Hence it is the only bone
of the tarsus involved both in the tarsometatarsal joint (Lisfranc complex) and in the
midtarsal joint (Chopart’s joint).  It  also links the lateral column to the transverse

WJO https://www.wjgnet.com February 18, 2019 Volume 10 Issue 2

Angoules AG et al. Cuboid fractures

72



plantar arch[4,19,21-24].  Its articulation with the fourth and fifth metatarsals provides
mobility  three  times  greater  than  the  mobility  of  the  first  through  third
tarsometatarsal joints and has the largest contribution to the dorsiflexion and plantar
flexion  of  the  midfoot[19,23].  It  also  has  a  primary  contribution  to  pronation  and
supination assisted in this function by the calcaneocuboid joint[19].

Due to its special anatomy and its position, the cuboid is the main supporting
element  of  the  rigid  and  static  lateral  column  and  ensures  that  its  length  is
maintained. Its role is supported by a number of ligamentous, capsuloligamentous,
and tendinous restraints. Although it does not participate directly in weight bearing,
it receives significant forces during standing and ambulation, and its contribution is
important in the mobility of the foot lateral column and the adaptation of the foot
when walking on an uneven terrain[14,23]. The dorsal surface of the bone is bare, but on
its plantar surface there is a groove that runs obliquely distal and medially and from
which the tendon of peroneus longus passes acting as a fulcrum for the peroneus
longus muscle contraction[4] (Figure 2). Gathering forces in this area during activities
such as running can cause stress fractures[8].

Cuboid vascularization is ensured by the lateral plantar artery where anastomosis
exists between the medial plantar artery. The satisfactory blood supply of the bone
also explains the satisfactory bone consolidation following a fracture and the rare
occurrence of events such as nonunion or osteonecrosis[4].

CLASSIFICATION
Although there is not a universally accepted classification system, cuboid fractures are
classified  according  to  their  characteristics  regarding  the  displacement  of  the
fragments, the involvement of the articular surfaces, and the avulsion or comminuted
type of fracture[23].

The Orthopaedic Trauma Association subdivides these fractures into three main
categories[25]. Group A includes the simple extraarticular fractures, Group B includes
calcaneocuboid or metatarsocuboid joint fractures, and Group C includes fractures
involving both joints. This classification further subdivides the cuboid fractures from
the simplest ones up to the most complex in each category according to the level and
the particular anatomical position of each fracture. The fractures of each group are
denoted with numbers with the most complex fractures being characterized by higher
numbers.

Fenton et al[19] proposed the classification of cuboid fractures into five groups. A
type 1 fracture is the most common type of avulsion fracture involving the capsule of
the calcaneocuboid joint. Type 2 includes stable isolated extra-articular injuries of the
fracture that do not require surgical treatment because the length of the foot lateral
column is maintained, and there is no intra-articular involvement. Type 3 injuries are
isolated  intra-articular  fractures  within  the  body  of  the  cuboid  involving  the
calcaneocuboid,  the  tarsometatarsal  joint,  or  both  of  them.  The  fractures  of  this
category are treated conservatively. Type 4 fractures are associated with disruption of
the midfoot as well as with tarsometatarsal injuries. These intra-articular fractures
require anatomic reduction and stabilization. Finally, type 5 fractures are high-energy
crushing injuries of the cuboid that may be accompanied by disruption of the mid-
tarsal joint and loss of length of the lateral column alone or in combination with the
medial column. These fractures are mostly treated surgically except in cases where the
length of the foot lateral column is maintained.

CLINICAL EVALUATION
The diagnosis of cuboid fractures, particularly of those that are not accompanied by
other foot injuries, may be difficult. The early detection of these fractures requires a
high degree of suspicion[26]. Regarding children, local swelling and antalgic limp with
refusal to bear weight on the lateral side of the foot may accompany a fracture of the
cuboid[11,27]. Cuboid fractures may be associated with lateral foot pain especially with
push off when walking[28].  Typically there is tenderness to direct palpation of the
cuboid over the lateral aspect of the midfoot (Figure 3) while the fracture can be
accompanied by deformity, ecchymosis, or fracture blisters[5,22,23]. In the event that the
calcaneocuboid joint is unstable, diagnostic maneuvers that control the integrity of
this joint can cause pain[28].

Stress fractures of the cuboid may have no obvious clinical signs. Painful gait and
mild tenderness on the lateral side of the foot may be present without swelling or
evident hematoma[16]. Pain may be mild with a progressive nature and accompany a
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Figure 1

Figure 1  Cuboid bone lateral view.

recent increase in athletic or other daily activity level of an individual. If there is
significant periosteal reaction or sclerosis in the fracture area, then a palpable mass
may be present in the area of maximum tenderness. The placement of a vibrating
tuning fork just above the area of maximum tenderness can cause an increase in pain
intensity and has been proposed as a diagnostic method for stress fractures[29].

IMAGING METHODS
Plain  X-ray  radiography  usually  diagnoses  simple  fractures  of  the  cuboid  and
includes the anterior,  posterior,  lateral,  and standard oblique view of  the foot[4].
Imaging  examination  should  include  contralateral  foot  for  the  comparison  and
determination of the length of the foot lateral column as well as for the appropriate
preoperative planning. The integrity of the foot lateral column can be evaluated by the
anteroposterior  view,  which  also  allows  the  detection  of  any  transverse  plane
deformity. The lateral radiograph assesses the congruity of the calcaneocuboid joint
and  can  also  reveal  avulsion  fractures[28].  The  standard  medial  oblique  view  is
particularly useful for assessing cuboid fractures because it allows the view of the
cuboid  and  its  articulation  with  the  metatarsals  and  the  calcaneus,  free  of
superimposition of the bones with the open and equal cuboid joint. It also contributes
to the evaluation of the length of the lateral column[4,23].

Although conventional radiography can provide a lot of information about the
nature of the cuboid bone injury, the considerable overlap of bony structures in the
foot leads to a failure regarding the depiction of occult cuboid fractures[30]. Miller et al[2]

found that in 17 patients with pain over the lateral aspect of the midfoot, the X-ray
radiography revealed cuboid fractures in only seven of them.

Computed tomography
Computed tomography (CT) may provide additional information regarding the size,
exact location, and pattern of fractures of the cuboid, as well as associated injuries
such as other fractures and dislocations of other bones of the foot[7,8]. It clearly depicts
tarsometatarsal joints and Lisfranc joint and also provides information on the fracture
healing progression[8,31].

Magnetic resonance imaging
In the case of non-diagnostic radiography findings using plain film radiographs the
contribution  of  magnetic  resonance  imaging  (MRI)  is  a  valuable,  sensitive
examination for the diagnosis of cuboid fractures in both children and adults[24,32,33]

(Figure 4). Μiller et al[2] found that in 17 adults with isolated occult cuboid fractures,
the presence of a fracture was confirmed by MRI in eight of them. In their recent
study, O’Dell et al[24] used MRI to confirm cuboid fractures in 19 children aged 18 mo
to 17 years,  nine of whom the initial radiography was negative for fracture. This
radiology examination revealed fractures that were the result of acute trauma or were
stress  fractures  linear  in  configuration  and  most  commonly  adjacent  to  the
tarsometatarsal joint.

In  the  case  of  cuboid  fractures  in  the  T1  weighted  sequence,  continuous
hypointense signals are revealed in the cuboid bone extending from the cuneiform
joint surface toward the lateral side as well as fat suppression[16],  while in the T2
sequence a hyperintense signal in the bone as well as the loss of the bone marrow
signal is detected[5].
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Figure 2

Figure 2  Posterolateral view of cuboid depicting peroneal groove (modified from Greys Anatomy, 1918).

Sonography
Sonography, although not the method of choice for the detection of cuboid fractures,
is a reliable and quick method when painful swelling adjacent to the bone is present
in the case of  subtle  cuboid fractures with non-diagnostic  plain radiography[5,30].
Bilateral  ultrasonography that  includes  longitudinal  and transverse  scan planes
reveals a cortical discontinuity and cortical step in the area of the fracture as well as
soft tissue edema[5]. Wang et al[30] reported a study of 268 patients with post-traumatic
pain in the area of the foot and ankle with negative findings in the initial radiology
examination, where ultrasound examination revealed a fracture in 24 of them. Two of
the patients examined suffered cuboid fractures.

Scintigraphy
Scintigraphy may reveal  focal  uptake  in  the  cuboid  and contribute  to  the  early
diagnosis of cuboid fractures, particularly in stress fractures in children in the case of
a  negative  initial  physical  examination  and  non-diagnostic  radiographs[9,12,13,15].
However, it should be taken into account that due to the complex anatomy of the
midfoot, it is difficult to ascertain the exact intake area of the radiopharmaceutical,
which reduces the diagnostic accuracy of the method[5].

DIFFERENTIAL DIAGNOSIS
Differential diagnosis includes bony causes of lateral foot pain such as ankle sprain,
stress fractures of the foot, fracture of the fifth metatarsal distal to tuberosity, avulsion
of the anterior process of the calcaneus, Lisfranc injuries,  tarsal coalition, cuboid
syndrome,  and os  perineum injury.  Furthermore,  soft  tissue  pathogens  such  as
peroneus, longus tendon tenosynovitis or partial tearing, subluxing peroneal tendons,
extensordigitorum, tendonitis,  sinus tarsi  syndrome, and lateral  plantar nervous
entrapment may have a similar clinical picture to cuboid fractures and should be
excluded during the initial diagnosis in the case of negative radiology evaluation with
a clinical picture similar to a cuboid fracture[2,28,34,35] (Table 1).

Cuboid syndrome is caused by the structural congruity of the calcaneocuboid joint
and  subluxation  of  the  cuboid  and  usually  concerns  athletes  or  dancers.  It  is
characterized by pain in the area of the plantar surface of the cuboid or in the foot.
Two  clinical  maneuvers  have  been  proposed  for  the  clinical  diagnosis  of  the
syndrome, namely the midtarsal adduction and the midtarsal supination test[28,36].

Os perineum is  an accessory bone located within the peroneus longus tendon
adjacent to the lateral plantar aspect of the cuboid, which can cause foot pain. It is
found in 4% to 30% of normal feet[28,37]. In most cases, it is asymptomatic but may be
the cause of acute and chronic foot pain as in cases of stress fracture or diastasis. For
the diagnosis of the syndrome, plain radiography films may be diagnostic or further
examination by CT, MRI and/or sonography may be required[28].

TREATMENT
The therapeutic approach of cuboid fractures is adjusted according to the severity of
the fracture. Non-displaced low energy fractures such as avulsion fractures and stress
fractures  are  effectively  treated  with  conservative  methods  of  treatment  while
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Figure 3

Figure 3  Local tenderness to direct palpation of the cuboid bone following foot injury may suggest cuboid
fracture.

complex  high-energy  injuries  involving  complex  fractures  with  significant
displacement and intra-articular involvement require anatomic reduction and external
or internal osteosynthesis depending on the particular fracture characteristics.

Conservative treatment
In cuboid fractures with minimal pain and swelling, treating with an elastic bandage
or with a fracture boot and walking with partial weight bearing until the satisfactory
regression of the symptoms, may be enough. In the case of severe initial pain, a short
walking cast  for  4-6  wk is  recommended[30].  Stress  fractures  require  limiting the
activity and use of the limb while it is recommended to have plantar arch support[16].
Avulsion fractures  are  treated with protected weight  bearing as  tolerated and a
fracture boot for 4 to 6 wk[23]. These fractures require regular radiographic evaluation
every month as they may be complicated with fibrous non-union. In this case as well
as in the presence of recalcitrant pain, excisional surgery may be necessary[28].

Surgical approach
According to Borrelli et al[4], open cuboid fractures are the only absolute indication for
urgent surgical management. Surgery is also recommended when there is an articular
displacement greater than 1 mm or a shortening of the foot lateral column length[22].
According  to  Holbein  et  al[38],  this  shortening  requires  surgical  treatment  of  the
fracture if it is greater than 3 mm. Surgical management of cuboid fractures includes
external fixators, open reduction, and internal fixation with or without bone grafting
and midtarsal arthrodesis[22]. The purpose of this surgical intervention is to restore the
length of  the  lateral  column as  well  as  the  normal  anatomy and mobility  of  the
surrounding joints, and in particular of the calcaneocuboid joint as well as of the
fourth and fifth tarsometatarsal joints[20].

In the case of a severe comminution and displacement of fracture fragments and
poor skin quality that  does not  allow open fixation,  the application of  spanning
external fixation ensures that the length of the lateral column is restored[4,23].

The internal osteosynthesis of cuboid fractures can be conducted with lumbar or
epidural  anesthesia.  The  patient  is  placed  in  the  supine  position  with  a  thigh
tourniquet and a bump under the ipsilateral hip to avoid excessive external rotation of
the foot and to ensure better access to the cuboid bone. A 6 cm lateral longitudinal
incision over the cuboid from the tip of the fibula to the tip of the fifth metatarsal
reveals  the  calcaneocuboid  and  tarsometatarsal  joints  and  allows  the  anatomic
reduction of the fracture or fractures[23] (Figure 5). The extension of this section, 5 mm
centrally of the calcaneocuboid joint and beyond the level of the lateral base of the
fifth metatarsal, allows a better view of the joints and the anatomic reduction of the
fractures[4]. The incision is maintained at the lateral border of the extensor digitorum
brevis  muscle  and  proximal  to  the  sural  nerve,  which  must  be  identified  and
protected[4,22].  Further dissection is performed to visualize the extensor digitorum
brevis and then the muscle belly is partially elevated off the periosteum to allow
inspection  of  the  cuboid  as  well  as  of  the  calcaneocuboid  and  tarsometatarsal
joints[4,23].

After restoring the length of the cuboid, the dorsolateral wall is reconstructed. The
articular surfaces should be reconstructed starting from the media fragments using
the intact side of the joint as a model[20]. To maintain the reduction provisional fixation
with small Kirschner wires may be required. The internal osteosynthesis is completed
using locking or unlocking screws or mini fragment plates under fluoroscopy[4,23]. Any
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Figure 4

Figure 4  Sagittal view of the right ankle obtained via magnetic resonance imaging. Undisplaced cuboid fracture
extending to the middle of the calcaneocuboid joint.

void is filled with autografts, allogenic, or cancellous bone chips, and an anatomic
plate is placed over the cuboid to maintain the length. Postoperatively, the patient
ambulates  without  weight  bearing for  4-6  wk and for  another  6  wk with partial
weight bearing and with a walking cast. Full weight bearing walking is allowed after
12 wk[4,7,22].

Midtarsal primary arthrodesis is a surgical treatment method recommended for
severe crush injuries with extensive comminution of the cuboid bone and articular
involvement. However, this method presents the disadvantage of significant loss in
lateral column motion and is mainly applied to less active patients[23,27]. In the case of
failed internal fixation and persistent pain, secondary fusion may be an alternative
treatment method[22].

DISCUSSION AND CONCLUSION
The cuboid bone is  located at  the  center  of  the  lateral  midfoot  and its  anatomic
position  provides  a  relative  protection[17].  However,  it  is  subject  to  a  series  of
compressive and shearing forces[24]. Cuboid fractures, although rare, may be the result
of direct or indirect pressure in the foot and usually associated with other fractures
and dislocations in the area. Thus, these fractures can be the result of compression or
crush of the lateral aspect foot[2].

Cuboid stress fractures are less frequent than other foot fractures as this bone is not
weight bearing[8]. Although they are slightly more common in children, they have
been are also described in adults[14].  They may be the result  of  increased athletic
activity  or  involve  bones  with  reduced  strength  such  as  after  a  prolonged
corticosteroid uptake period[17]. A possible mechanism of this fracture assumes that
these fractures are the result of the repetitive pull of the peroneus longus tendon as it
passes through the peroneal groove of the cuboid[8].

Due  to  their  vague  symptoms  and  the  complex  anatomy  of  the  area,  cuboid
fractures may not be detected initially. The diagnosis of these fractures should be
immediate because their delayed detection and treatment can cause a shortening of
the foot lateral column with particularly negative consequences for the biomechanics
of the foot such as a painful flatfoot deformity associated with posterior tibial tendon
insufficiency[20].

Conventional radiography includes the anterior, posterior, lateral, and standard
oblique view of the foot[5].  The latest view provides useful information about the
condition  of  the  joints  between  the  cuboid  and  the  base  of  the  fourth  and  fifth
metatarsals as well as the length of the lateral column. CT is a diagnostic method that
offers  the  best  visualization  for  assessing  fracture  patterns  and  articular
displacements[4]. In the presence of occult radiographs, further imaging modalities
such as ultrasound examination, MRI, or scintigraphy can contribute to the early
detection of the fracture and help avoid future adverse effects regarding foot function.
Particularly in children these fractures often go undiagnosed due to non-diagnostic
plain X-ray radiography and the difficulties faced in the clinical examination that
constitutes the contribution of these modern imaging methods very useful[24,27].

Treatment depends on the type of the fracture. Factors that determine the method
of treatment include the involvement of the articular surfaces of the bone, the disorder
of joints architecture in which the bone is involved, the reduction of the length of the
foot lateral column, and the presence of fractures and dislocations of the other bones
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Table 1  Differential diagnosis of lateral foot pain[2,28,34,35].

Differential diagnosis of lateral foot pain

Ankle sprain

Peroneal tendonitis

Peroneus longus tendon tear

Subluxing peroneal tendons

Stress fracture

Fracture of the shaft of the fifth metatarsal

Avulsion of the base of the fifth metatarsal

Apophysitis of the fifth metatarsal

Jones fracture

Avulsion of the anterior process of the calcaneus

Lisfranc injuries

Tarsal coalition

Cuboid syndrome

Os peroneum fracture

Sinus tarsi syndrome

Lateral plantar nerve entrapment

in the area[4]. Non-displaced stable fractures can be treated conservatively by splinting
or casting with or without restriction of weight bearing[20]. Open fractures, complex
comminuted fractures, and fractures accompanied by a shortening of the length of the
foot lateral column greater than 3 mm or articular displacement greater than 1 mm
require surgical treatment[22,38]. The purpose of this therapeutic approach is to restore
the lateral column length and plantar support of the midfoot, to restore the integrity
of the articular surfaces of the calcaneocuboid and tarsometatarsal joints, and the
mobility of the cuboid joints to the fourth and fifth metatarsal bases[20,22].

As there is no sufficient scientific evidence to allow safe conclusions about the
optimal management of cuboid fractures, the current therapeutic approach is based
presumably on personal experience and beliefs[25]. For example, some authors support
that  Kirschner  wires  are  more  reliable  in  maintaining  reduction  than  external
fixation[39] whilst another postulates that fixation of the fractured cuboid bone with
plates is preferable than screws, which are not associated with satisfactory results[25].
More sophisticated surgical approaches such as preoperative planning locking plates
based on 3D CT may contribute  to  the anatomical  reduction of  the  fracture  and
therefore may provide more favorable outcomes[40]. Still, further research is needed,
including studies of high quality with a focus to resolve uncertainties of management
and determine which patients could be treated non-operatively or are candidates to
develop arthrosis and warrant primary fusion[19,39].
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Figure 5

Figure 5  The lateral longitudinal surgical incision for the internal fixation of cuboid fractures.
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Abstract
BACKGROUND
The recent federal ruling to against Affordable Care Act (ACA), specifically the
mandate requiring people to buy insurance, has once again brought the
healthcare reform debate to the spotlight. The ACA increased the number of
insured Americans through the development of subsidized healthcare plans and
health insurance exchanges. Insurance-based differences in the rate of upper
extremity elective orthopaedic surgery have been described before and after
healthcare reform in Massachusetts, where a similar mandate was put into place
years before the ACA was passed. However, no comprehensive study has
evaluated insurance-based differences of knee elective surgery before and after
reform.

AIM
To investigate how an individual mandate to purchase health insurance affects
rates of knee surgery.

METHODS
A retrospective review was performed within an orthopaedic surgery
department at a tertiary-care, academic medical center in Massachusetts. The rate
of elective knee surgery performed before and after the healthcare reform (2005-
2006 and 2007-2010, respectively) was calculated. The patients were categorized
by insurance type (Commonwealth Care, Medicare, Medicaid, private insurance,
Workers’ Compensation, TriCare, and Uninsured). Using χ2 testing, differences in
rates of surgery between the pre-reform and post-reform period and among
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insurance subgroups were calculated.

RESULTS
Rate of surgery increased in the post-reform period (pre-reform 8.07% (95%CI:
7.03%-9.11%), post-reform 9.38% (95%CI: 8.74%-10.03%) (P = 0.04) and was
statistically significant. When the insurance groups and insurance types were
compared, the rates of surgery are not significantly different before or after
reform.

CONCLUSION
The increase in the rate of elective knee surgery in the post-reform period
suggests that health care reform in Massachusetts has been successful in
decreasing the uninsured population and may increase health care expenditures.
This is a hypothesis generating study that suggests further avenues of study on
how mandated coverage may change healthcare utilization and cost.

Key words: Healthcare reform; Elective surgery; Lower extremity; Affordable Care Act;
Orthopaedic surgery

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: We examined how an individual mandate in the United States may affect rates
of knee surgery. This topic is of great interest as the United States thinks about moving
to a universal coverage model and to countries that already have such a system. We
found that the rate of surgery increased after the implementation of mandated universal
coverage. Also, we found that patients on lesser reimbursing insurance plans were not
discriminated against compared to private insurance plans.

Citation: Kim D, Do W, Tajmir S, Mahal B, DeAngelis J, Ramappa A. Mandated health
insurance increases rates of elective knee surgery. World J Orthop 2019; 10(2): 81-89
URL: https://www.wjgnet.com/2218-5836/full/v10/i2/81.htm
DOI: https://dx.doi.org/10.5312/wjo.v10.i2.81

INTRODUCTION
The  passage  of  the  Affordable  Care  Act  (ACA)  nationally  under  the  Obama
administration in March 2010 stimulated discussion over how the individual mandate
and other provisions of the law would affect the utilization and delivery of healthcare.
With annual costs of $849 billion a year, orthopaedic care delivery accounts for nearly
7.7%  of  the  GDP,  affects  77  million  Americans  annually,  and  is  an  essential
component to the successful reformation of United States healthcare[1]. Recently, the
ACA was struck down by a federal judge on the grounds that the mandate requiring
people to buy health insurance was unconstitutional[2,3]. This ruling has the potential
to result to seismic shifts to the healthcare market and brings the debate of healthcare
reform back into the spotlight.

In 2007 Massachusetts was the first state to pass a sweeping healthcare reform law.
Because its provisions are very similar to the ACA (a universal coverage mandate, a
government-run  healthcare  exchange  (Commonwealth  Connector),  and  novel
partially-subsidized managed care plans (Commonwealth Care), eyes are once again
focused on the Massachusetts as a test case for how ACA will affect the rest of the
country. Given the similarities between the Massachusetts law and the ACA, it is very
likely that changes in orthopaedic care delivery in post-reform Massachusetts will
reflect future changes nationally. One area of particular interest is how much care
utilization might change with mandated coverage as the one of the primary costs of
healthcare reform is how to control costs.

One  important  component  of  these  laws  is  their  effect  on  rate  of  elective
orthopaedic surgery. Previous studies have documented insurance-based differences
in rates of elective upper extremity orthopaedic surgery. However, there have been no
studies comparing pre- and post-reform rates for knee surgery[4-6]. Given the renewed
attention  and likely  heated debate  that  will  follow this  recent  ruling,  study the
Massachusetts experience with mandated coverage is important.
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Therefore,  we  sought  to  examine  a  cohort  of  patients  at  a  single  academic
orthopaedic practice in Massachusetts to determine if there were insurance-based
differences  in  the  rate  of  elective  knee  surgery  (ROS)  pre-  and post-reform.  We
hypothesized that the ROS post-reform would be higher due to increased access and
utilization.

MATERIALS AND METHODS
Approval for this investigation was obtained from the Institutional Review Board. A
retrospective  review was  performed within  the  department  of  orthopedics  at  a
tertiary-care, academic medical center in Massachusetts. The departmental billing
database was queried to identify all International Classification of Diseases, Ninth
Revision, Clinical Modification codes related to the knee. In an effort to validate the
cohort, the ten most common diagnosis codes were identified for two periods in time:
Pre-reform (calendar years 2005-2006) and post-reform (calendar years 2007-2010)
periods for three orthopaedic surgeons. When compared, the pre- and post-reform
ICD-9 codes were found to be identical, suggesting that the spectrum of disease in
both periods was similar (Appendix A). These ten diagnosis codes were then used to
identify all new patients seen by three surgeons in pre-reform (2005-2006) and post-
reform (2007-2010) periods (n = 10420).

Although the healthcare reform was passed on April 12, 2006, the law did not take
effect until the beginning of 2007. In keeping with prior investigations, the calendar
year 2006 was considered pre-reform[5,6]. To control for confounders, eligible patients
were limited to those seeking care from three orthopaedic surgeons with established
practices at one academic institution throughout both study periods.

For each patient, age, sex, highest level of education, body mass index (BMI), dates
of service, ICD-9 codes, and insurance status at time of presentation were recorded.
The billing database contained twenty-one different providers. These different payers
were grouped into four insurance groups (uninsured, government, private, Workers’
Compensation)  and  seven  insurance  types  (Medicaid,  Medicare,  Worker’s
Compensation, private insurance, uninsured, Commonwealth Care, and TriCare)
allowed for continuity with previous investigations[5,6].

The ROS was defined as the number of patients who underwent surgery divided
by the total number of unique patients in that cohort. For each insurance type at both
points in time, the ROS was calculated. In keeping with the method described by
McGlaston et al[6], an effect size of greater than or equal to 10% in the rate of surgery
was considered clinically significant. An a priori sample size analysis indicated that a
10% difference in the rate of surgery between insurance categories with an α of 0.05
and a β of 0.20 (power = 0.80) could be achieved with 300 persons per insurance
category.

The  ROS  was  compared  using  a  Pearson-type  χ2  test  with  Yate’s  continuity
correction for the entire cohort, each group (uninsured vs government insurance vs
private  insurance  vs  Workers’  Compensation)  and the  seven types  of  insurance
(uninsured vs Commonwealth Care vs Medicare vs Medicaid vs TriCare vs private
insurance vs Workers’ Compensation) pre-reform and post-reform. A two-tailed P-
value less than or equal to 0.05 was considered significant.

RESULTS
In this study, 2640 patients were enrolled from the pre-reform period and 7780 during
the post reform. While gender did not significantly differ between the two study
periods, comparison of the cohort’s demographics reveals several disparities (Table 1).

Self-reported racial groups demonstrated a significant increase in “White” patients
and significant decreases in “Other” and “Unknown/Unreported”. The highest level
of education showed a significant increase in all  groups except “I did not attend
school” and “8th grade or less”. BMI showed a significant increase in “Overweight”
and a significant decrease in “Unreported.” The population of uninsured patients
dropped significantly post-reform from 8% to 3%, and the population of private
insurance increased significantly from 57% to 61%. When divided into insurance
subgroups, TriCare subgroup’s increase was statistically significant from 1% to 2% as
was Medicaid’s statistically significant decrease post-reform from 10% to 9%. Of note,
Commonwealth Care did not exist before the reform.

Insurance grouping
There were 21 different payers present in the patient cohort. These different payers
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Table 1  Demographic characteristics of the pre- and post-reform cohorts

Pre-reform (n) (%) Post-reform (n) (%) P-value

Total 2640 7780

Gender

Female 1551 59% 4419 57% 0.08

Male 1089 41% 3361 43%

Race

White 1592 60% 4997 64% 0.00

Black 440 17% 1320 17% 0.72

Asian 98 4% 323 4% 0.32

Hispanic 208 8% 594 8% 0.69

Native American 2 0% 8 0% 0.70

Other 114 4% 242 3% 0.00

Unknown/Unreported 186 7% 296 4% 0.00

Highest Education

Unreported 948 36% 398 5% 0.00

I did not attend school 12 0% 41 1% 0.65

8th grade or less 61 2% 215 3% 0.21

Some high school 86 3% 341 4% 0.01

Graduated from high school or GED 380 14% 1528 20% 0.00

Some college/vocational/technical pgrm 222 8% 1033 13% 0.00

Graduated from college, graduate or post 692 26% 3192 41% 0.00

Other 22 1% 151 2% 0.00

Patient declined to answer 133 5% 656 8% 0.00

Patient unavailable to answer 84 3% 225 3% 0.47

BMI

Unreported 1279 48% 3221 41% 0.00

Underweight/normal (0-18.49) 20 1% 42 1% 0.21

Overweight (18.5-24.9) 249 9% 947 12% 0.00

Obese, Class I (25-29.9) 436 17% 1385 18% 0.13

Obese, Class II (30-34.9) 319 12% 1107 14% 0.06

Obese, Class III (35+) 337 13% 1078 14% 0.16

Insurance Type

Uninsured 199 8% 204 3% 0.00

Private 1507 57% 4715 61% 0.00

Government 854 32% 2646 34% 0.12

Workers' compensation 80 3% 215 3% 0.48

Insurance sub-types

Medicare 563 21% 1593 20% 0.35

Medicaid 271 10% 694 9% 0.04

CommCare 0 0% 240 3% 0.00

TriCare 20 1% 119 2% 0.00

Private 1507 57% 4715 61% 0.00

Workers Comp 80 3% 215 3% 0.48

Uninsured 199 8% 204 3% 0.00

were grouped into four  insurance groups (uninsured,  government,  private,  and
workers’ compensation) and seven insurance types (Medicaid, Medicare, Worker’s
Compensation,  private,  uninsured,  Commonwealth Care,  and TriCare).  Figure 1
details the distribution of patients in each group.

Whole cohort rates of surgery: Pre-reform vs post-reform
Comparing all-patients pre-reform and post-reform, the pre-reform ROS was 8.07%
(95%CI: 7.03%-9.11%) and 9.38% in the post-reform period (95%CI: 8.74%-10.03%; P =
0.04) (Figure 2).
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Figure 1

Figure 1  Cohort distribution by payer group.

Four insurance group rates of surgery: Pre-reform vs post-reform
When the groups were compared by their  type of insurance (uninsured, private,
government-sponsored, and Workers’ Compensation, no significant differences were
found before and after healthcare reform (Figure 3).

Seven insurance group rates of surgery: Pre-reform vs post-reform
Insurance subgroup analysis further subdivided the patients within the government
group into Medicare, Medicaid, TriCare, and Commonwealth Care. Each group’s rate
of surgery pre-reform and post-reform was computed and compared using chi-square
analysis. Rates of Surgery were as follows: Medicare 6.6% pre-reform and 8.0% post-
reform (P = 0.26162); Medicaid 11.8% pre-reform and 9.7% post-reform (P = 0.32167);
TriCare 20.0% pre-reform and 15.1% post-reform (P = 0.82471); Private patients’ 7.8%
pre-reform and 9.4% post-reform (P = 0.0582); Workers’ Compensation 10.0% pre-
reform and 16.7% post-reform (P = 0.2070); and uninsured patients’ 7.0% pre-reform
and 8.3% post-reform (P = 0.6249). Rates of surgery across these six groups were not
significantly different when compared between the two periods (Figure 4).

DISCUSSION
This investigation sought to compare the rate of elective knee orthopaedic surgery in
a large academic practice before and after healthcare reform in Massachusetts. Given
the  similarity  between  the  ACA  and  the  mandated  coverage  stipulated  by  the
Massachusetts law in 2007, this study provides insight into how the rate of elective
orthopaedic surgery may change nationally in light of the recent ruling against the
ACA  and  the  mandated  coverage  requirement.  It  is  hypothesis  generating  and
suggests avenues for further research into mandated coverage within Massachusetts
and nationally.

Comparing the overall rate of surgery during the pre- and post-reform periods,
there was a significant increase in the ROS following mandated coverage. When the
cohort is examined by insurance group (uninsured, government, private, Workers’
Compensation),  there  is  no  difference  in  ROS  (Figure  3).  Similarly,  when  the
individual insurance types (Medicaid, Medicare, Worker’s Compensation, private
insurance, uninsured, Commonwealth Care, and TriCare) are considered, the ROS
before and after reform remains unchanged (Figure 4).

This finding suggests that with increased insurance coverage (near-universal),
patients enjoy increased access to medical services, and, in turn, there may be a higher
ROS for musculoskeletal problems. This explanation assumes that there are patients
without  insurance  with  operative  diagnoses  that  are  now  becoming  surgical
candidates because they are insured. This idea is supported by a significant decrease
in the number of uninsured patients. It is possible that a musculoskeletal problem,
which was neglected while a patient was uninsured, might require a surgery once
they have coverage.
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Figure 2

Figure 2  Rates of Surgery Increased from 8.07% to 9.38% post-healthcare reform. ROS: Rate of elective knee
surgery.

The absence of a statistically significant difference in the ROS in both insurance
group and insurance type before and after reform is mostly likely due to the limited
size of this investigation. From the a priori sample size analysis, each subgroup would
require 300 individuals in order to identify a 10% change in the ROS. Despite starting
with more than 10000 eligible patients, many of the subgroups (both insurance groups
and type) had less than the recommended 300 individuals participating. Specifically,
in the four sub-group analysis, the Workers’ Compensation and uninsured categories
were underpowered. In the seven sub-group analysis, all groups were underpowered,
except the Medicare insurance group.

The overall comparison of ROS is interesting given that the post-reform period had
a significantly higher number of elective surgeries performed. This change may be
due to greater access to surgery with the mandated insurance coverage. In this sense,
the post-reform period has captured previously uninsured people who would have
otherwise not had an elective procedure. However, it is difficult to assess whether a
previously uninsured person obtained insurance and then had an elective procedure
they would have formerly forgone. Similarly, another potential confound is how
physician  behavior  may  have  changed  in  response  to  mandated  coverage.
Hypothetically,  if  government-supported plans  offer  lower reimbursement,  it  is
possible that the fee change might influence a surgeon’s willingness to operate. While
this effect was not studied implicity, the data suggest that such an effect is unlikely
because private and subsided plans had similar rates of surgery. In this way, these
data support the argument that obtaining health insurance is helpful in decreasing
healthcare disparities in orthopaedics, a finding that has been described in elective
upper  extremity  surgery[6].  While  this  investigation  was  performed  within  an
academic center, physician remuneration in this practice is based on cash collections,
not relative value units or a productivity metric. As a result, the financial benefit
associated with surgical treatment and fostering a better payer mix do not appear to
have influenced physician behavior.

In  Massachusetts,  healthcare  reform  has  been  deemed  a  success  because  the
number of uninsured people has decreased. The uninsured rate in Massachusetts has
fallen from 10.9% in 2006 to 5.5% in 2007 (US average: 17.1% in 2006 and 16.6% in
2007)[7].  In  the  practice  studied,  the  drop  in  uninsured  patients  was  equally
impressive, declining from 8% in the pre-reform period to 3% post-reform. However,
the system has struggled to contain cost.

The price of health care in Massachusetts despite reform is concerning[8,9]. In May
2012 the non-partisan Kaiser Family Foundation Executive Summary found that since
the law’s enactment, the Commonwealth is struggling with rising health care costs.
Per  capita  spending is  15% higher  than the national  average and Massachusetts
continues to have the highest individual premiums in the country[10]. Furthermore, per
capita health care spending increased from $8002 in 2006 to $9278 in 2009, 36% higher
than the national average $6815[10].

Because the ROS increased in the post-reform period, it is possible that mandated
coverage in Massachusetts leads to rising costs in a time when national health care
spending has leveled off for the first time in over a decade[7,11].  While the reasons
behind the slowdown in national health care spending are hotly debated, there is no
question that cost containment is a priority and drives the health care debate today.

To  strengthen  this  analysis,  the  entire  cohort  of  patient  was  selected  for  the
specified diagnoses to minimize selection bias. The sample size provided sufficient
statistical  power  for  a  comparative  analysis.  As  a  single-institution,  potentially
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Figure 3

Figure 3  No significant difference in rate of elective knee surgery when compared by insurance type. ROS:
Rate of elective knee surgery.

confounding site-specific and geographic variables were avoided. However,  as a
retrospective review, this  study has its  limitations.  Certain insurance subgroups
included fewer than 300 persons, increasing the probability of a type II error. This
highlights an inherent challenge in studying groups that constitute a relatively small
proportion of  the  overall  population.  While  performing subgroup analysis  may
reduce statistical power, it should not be avoided, as previous work has shown that
insurance-based differences in operative rates are subtle and may be masked by the
method of insurance stratification[5,6]. Future studies of larger cohorts may address this
issue. Generalizability may be an issue if orthopaedic care differs from institution to
institution.

At baseline, there were some differences in the two cohorts. Among self-reported
race, education, and BMI groups, there were statistically significant disparities. In the
pre-reform period, the data had a higher chance of being unknown for a given group
when compared to the post-reform period. This leads to significant increases within
the individual categories while decreasing the unreported or unknown category.
Whether  the  significant  increase  in  the  white  racial  group  was  due  to  a  true
demographic change or improved reporting is unclear. The highest reported level of
education experienced a similar pattern. In the pre-reform period, 36% of patients did
not report their highest level of education compared with the 5% post-reform did not.
This difference may have led to the statistically significant increases in all education
categories  seen in  the post-reform period.  Interestingly,  BMI also experienced a
decrease  in  the  unreported fraction from 48% to  41%.  This  change resulted in  a
statistically significant increase from 9% to 12%.

Despite its limitations, this investigation offers several avenues for future study. A
more  comprehensive  evaluation  of  orthopaedic  practices  before  and  after  the
enactment  of  health  care  reform  laws  in  Massachusetts  would  enable  further
clarification  of  the  effect  of  mandated  coverage  on  health  care  spending.  The
statistically significant increase in rate of elective orthopaedic knee surgery in the
post-reform  period  suggests  that  health  care  reform  in  Massachusetts,  while
successful  in  decreasing  the  uninsured  population,  may  result  in  health  care
expenditures. In turn, higher utilization requires more careful examination. While the
rate of surgery may be an imperfect proxy for cost, mandated coverage could result in
increased health care spending by increasing the availability of medical services.
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Figure 4

Figure 4  No significant difference in rate of elective knee surgery when compared by insurance sub-type. ROS: Rate of elective knee surgery.

ARTICLE HIGHLIGHTS
Research background
Our study is timely given the recent federal ruling against the Affordable Care Act (ACA),
specifically the mandate requiring people to buy insurance. The ACA increased the number of
insured  Americans  through  the  development  of  subsidized  healthcare  plans  and  health
insurance exchanges. Healthcare reform was enacted in Massachusetts, where a similar mandate
was put into place years before the ACA was passed.  We use this  opportunity to describe
differences in rates of surgery before and after the implementation of the mandate to purchase
insurance after healthcare reform.

Research motivation
We answer the key question of whether healthcare reform and the individual mandate increases
the rate of knee surgery. Healthcare cost and healthcare reform are the key questions facing the
medical field today. How physicians can deliver quality care without exorbitant costs is of
interest to many around the world. This hypothesis generating study provides strong impetus to
further examine the effects of healthcare reform on other health services.

Research objectives
The main objective was to determine if  healthcare reform had an effect on the rate of knee
surgery in the state of Massachusetts. The significance of realizing this research is a greater
impetus to study healthcare reform and how it may reflect healthcare costs going forward. This
is of great interest to every nation in the world.

Research methods
A retrospective review was performed within the department of orthopedics at a tertiary-care,
academic medical center in Massachusetts. The departmental billing database was queried to
identify all International Classification of Diseases, Ninth Revision, Clinical Modification codes
related to the knee. These ten diagnosis codes were then used to identify all new patients seen by
three surgeons in pre-reform (2005-2006) and post-reform (2007-2010) periods (n = 10420). The
rate of surgery was defined as the number of patients who underwent surgery divided by the
total number of unique patients in that cohort. For each insurance type at both points in time, the
rate of elective knee surgery (ROS) was calculated. The ROS was compared using a Pearson-type
χ2  test  with  Yate’s  continuity  correction  for  the  entire  cohort,  each  group  (uninsured  vs
government insurance vs private insurance vs Workers’ Compensation) and the seven types of
insurance (uninsured vs Commonwealth Care vs Medicare vs Medicaid vs TriCare vs private
insurance vs Workers’ Compensation) pre-reform and post-reform. A two-tailed p-value less
than or equal to 0.05 was considered significant.

Research results
Comparing the overall rate of surgery during the pre- and post-reform periods, there was a
significant increase in the ROS following mandated coverage. This finding suggests that with
increased insurance  coverage  (near-universal),  patients  enjoy  increased access  to  medical
services, and, in turn, there may be a higher ROS for musculoskeletal problems. Because the ROS
increased in the post-reform period, it is possible that mandated coverage in Massachusetts leads
to rising costs in a time when national health care spending has leveled off for the first time in
over a decade. Given the limitations of our study, a study to better examine the relationship
between healthcare reform and costs should be considered.

Research conclusions
Healthcare reform and a mandate to purchase health insurance increase the rate of knee surgery.
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It suggests that having a mandate to buy insurance will lead to increased healthcare costs as
patients who now have insurance will utilize more care. Healthcare reform and the individual
mandate lead to high rates of knee surgery. As above, healthcare reform and the individual
mandate lead to high rates of knee surgery. Healthcare costs increase as more people obtain
insurance. The main difference in our study was that we controlled for surgeon number. Other
studies can be confounded increasing or decreasing number of providers.  We were able to
analyze rates of surgery across three surgeons before and after healthcare reform, keeping one of
the largest confounders constant. As noted above, healthcare reform and a mandate to purchase
health insurance increases the rate of knee surgery. Rates of healthcare utilization are higher in
places that have a greater proportion of insured patients as they utilize more healthcare services.

Research perspectives
Healthcare reform should be pursued carefully as policies to increase access may also increase
costs which may not be desired. A study to examine how other procedures and healthcare
service utilization changed with healthcare reform. A similar study can be done for other types
of procedures assuming appropriate sample size and ability to collect key information such as
rates of procedure done before and after healthcare reform. It would be interesting to do in
Massachusetts but also on a national level.
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Abstract
BACKGROUND
Total hip and knee replacements are being performed in increasing numbers in
progressively younger patients with higher activity demands. Many such
patients have expectations of returning to athletic activity post-operatively yet are
not always able to do so and the reasons behind this have not been extensively
examined. We hypothesise that any reasons for a failure to return to athletic
activity post-operatively are multi-factorial.

AIM
To quantify the return to athletic activity following lower limb joint arthroplasty
and understand qualitative reasons for altered activity participation.

METHODS
A single centre, single surgeon retrospective questionnaire for hip and knee
arthroplasty patients under age 60 years, minimum two years post-surgery with
exclusion criteria of multiple degenerative joint involvement and multiple
medical co-morbidities. Outcomes were validated joint-specific (Oxford hip and
knee) and lifestyle questionnaires [short form 12 (SF-12) and University of
California, Los Angeles (UCLA)] and an activity questionnaire assessing ability
participation in athletic activity post-operatively. Statistical analysis was
performed on the validated outcome data, including comparison between hip
and knee replacements. Frequency tables were produced to quantify the different
athletic activities participated in by patients.

RESULTS
Responses were received from 64 patients (80% response rate). There was a
statistically significant improvement in Oxford hip and knee scores following
surgery. SF-12 scores also improved for all patients, but no statistically significant
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difference was seen between joints (P = 0.88). Mean UCLA scores pre-operatively
were 7.67 and at two years post-operatively were 7.69, with no statistically
significant change (P = 0.91). All patients reported high satisfaction and
improved ability to perform athletic activity at a higher frequency compared to
pre-operatively. The most common reasons for changing activity participation
were not wanting to stress their joint replacement or instructions by other doctors
or the lead surgeon. There was no difference in the responses to the questionnaire
based on type of joint replacement (P = 0.995).

CONCLUSION
Patients receiving a joint replacement are able to participate in athletic activity to
high levels and are satisfied with their outcomes. Reasons for non-participation
are multi-factorial.

Key words: Joint replacement; Athletic activity; Sport; Outcomes
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Core tip: Returning to athletic activity is an important goal for many younger patients
undergoing hip or knee arthroplasty. Up until now, it is known that, whilst some are able
to return to athletic activity, not all patients return to their chosen activity. This
qualitative study demonstrates that patients are highly satisfied with their arthroplasty
with respect to returning to athletic activity but the reasons for changing their activity of
choice varies equally from decisions made by the patient themselves to instructions
provided by their surgeon or other medical practitioner.
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INTRODUCTION
Total joint replacement (TJR) is an increasingly-performed orthopaedic operation in
the  United  Kingdom [1]  and  the  patient  groups  having  these  operations  are
progressively younger with high activity levels and thus high demands. Sophisticated
measures have been developed to more closely reflect health gains associated with
TJR beyond mortality and morbidity rates,  operative complications and implant
survival[2,3].  General  function  has  been  shown to  improve  following  TJR  but  an
important and often-neglected consideration are the levels of athletic participation
following these operations in younger populations; this has particular relevance given
that athletes are at greater risk of developing osteoarthritis of the hip and knee[4-6].
Such patients will  have high expectations of continuing to participate in athletic
activity following surgery[7].

Relatively few studies have investigated return to sporting activity following TJR.
Conflicting opinions have emerged about the suitability of athletic activity following
total hip replacement (THR)[8-12] and total knee replacement (TKR)[13,14]. Recent studies
analysing the return to sport for both TKR and THR patients were unable to find a
difference in rates between the two joints[15,16]. It has, however, been demonstrated that
rather than the type of implant received, characteristics such as male sex, lower age,
lower BMI and a high pre-operative level of sport participation predicted increased
chances of return to athletic activity post-TJR[17].

In addition, TJR patients participating in athletic activities may be at increased risk
of  acute  complications,  such as  periprosthetic  fracture  or  dislocation;  repetitive
loading  of  the  implant  may  pre-dispose  to  osteolysis  and  subsequent  aseptic
loosening[18].  Implant  retrieval  studies  in  TKR  patients  have  demonstrated  a
statistically significant correlation between rates of linear and volumetric wear and
University of California, Los Angeles (UCLA) activity scores[19]; similar associations
are seen in THR populations[20].

Therefore, although participation in sporting activity is possible post-TJR, it has
also been demonstrated that there is a decline in high-impact activities and no studies
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have explicitly considered specific reasons for the failure of patients to continue with
such high-impact activity following TJR. Understanding this is key so that patients
considering TJR can be well informed regarding their post-operative prognosis for
sporting participation. The aim of this study is to investigate the activity levels and
rate of return to athletic activity post arthroplasty and identify qualitative reasons for
changes in activity participation.

MATERIALS AND METHODS
A single centre,  single surgeon,  retrospective questionnaire study was designed.
Ethical board approval was received. From the personal database of the lead surgeon
(FSH), a list of patients who have received either THR or TKR was obtained with at
least 2 years’ follow-up. Patients were excluded if they were over the age of 65 years,
had an American Society of  Anaesthesiologists  (ASA) grade of  greater than 2 or
another joint replacement in situ in order to control for factors that are known to
reduce participation in sports post arthroplasty and confound results[17].

Questionnaires
Participation  in  sports  after  arthroplasty  was  determined  with  the  use  of  self-
administered validated activity and lifestyle questionnaires and a subjective activity-
related questionnaire. The Oxford Knee and Hip Scores (OKS, OHS)[21] were used to
assess the joint-specific functional abilities of the patients. The short form 12 (SF-12)
was used to assess the general lifestyle of the patient and has also been validated
following TJR[22].  The UCLA activity scale was used to determine participation in
functional activity related to sports and correlates most closely with other functional
activity scores in comparison to the Tegner score[23]. Patients were asked to complete
one UCLA score for the time just prior to their operation and one for their current
activity  levels.  A  questionnaire  was  designed  to  specifically  assess  patients’
participation levels in sporting activity and reasons behind a lack of participation of
sports (if any) (Appendix 1). All patients under the care of the lead surgeon have their
OKS/OHS and SF-12 scores collected at the time of surgery as routine practice; these
scores were used as their baseline measurements.

Data collection
A total of 80 suitable patients were selected from the database. All patients were
contacted by telephone to gain consent for participation. Instructions for completing
questionnaires  were  given  with  a  further  option  for  contact  after  receipt  of  the
questionnaire  to  discuss  any  points  for  clarification.  All  patients  agreeing  to
participate received the above questionnaires either via email  or via post  with a
stamped-return envelope. After two weeks, 52 questionnaires were received. The
remainder received a telephone call  as  a reminder and 8 further responses were
received. Two weeks following this, the remaining non-responding patients received
a telephone call as a reminder. The final number of questionnaires received was 64,
giving a total 80% response rate. Upon collection of all data, the scores were entered
into a secure database. The sample mean and standard deviation was calculated for
the OHS, OKS, SF-12 and UCLA scores. Frequency tables were made for the responses
to the sports activity questionnaire.

Statistical analysis
Descriptive statistical testing was done using XLSTAT software version 7 (Addinsoft,
New York, United States) and separate analysis was performed for THR and TKR
patients.  A  Shapiro-Wilk  calculation  demonstrated  the  scores  were  normally
distributed and a paired t-test was used to compare outcomes within the different
joint replacements at baseline and at two years, whilst an independent t-test was used
to compare the outcomes of SF-12 and UCLA scores between THR and TKR patients.
Chi-squared testing was used to compare the outcomes of the activity questionnaire.
A significance level of P = 0.05 was set.

RESULTS
A total of 80 questionnaires were sent out to eligible participants and a total of 64
completed forms were received, giving a response rate of 80%. All patients were a
minimum of two years since their operation. Their demographics are presented in
Table 1.
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Table 1  Patient demographics

THR TKR Total

Number of patients 40 24 64

Mean age (SD; range) in years 53.1 (8.4; 33-64) 60 (2.5; 54-64) 55.7 (7.5; 33-64)

Sex M:F 19:21 10:14 29:35

Mean time since operation (SD; range) in years 3.3 (1.1; 2.5-5) 3 (0.9; 2-4.5) 3.1 (0.9; 2-5)

THR: Total hip replacement; TKR: Total knee replacement.

Functional scores
There was an increase between mean baseline and two-year OHS and OKS scores
(Table  2),  which was statistically  significant  (P  <  0.0001).  There was an increase
between the mean baseline and two-year  SF-12 scores  for  both the physical  and
mental  portions  which  was  statistically  significant  (P  <  0.0001).  The  difference
between the two joint cohorts demonstrated a higher mean physical score for the TKR
cohort  but  no statistically significant  difference between the two joints  using an
independent t-test at two years post-TJR (P = 0.88) and a higher mean mental score for
the TKR cohort at two years post-TJR which was statistically significant (P = 0.005).

The mean baseline UCLA score for the entire cohort was 7.67 (range 6-10). At two
years, the mean score was 7.69 (range 6-10) with no statistically significant difference
(P = 0.91) between baseline and two year scores. Nine patients had an improvement in
their score at 2 years whilst seven patients had a decrease in their score; 48 patients
had the same score. Within the joints, there was an increase in the mean UCLA score
in THR patients (7.78 to 7.93) and a decrease in TKR patients (7.5 to 7.29). Neither of
these results was statistically significant (P = 0.47 for THR cohort and P = 0.17 for TKR
cohort).  The  difference  between  the  two  joint  cohorts  is  shown  in  Table  2,
demonstrating that THR patients had a higher mean 2 year UCLA score than the TKR
cohort;  this  was  found  to  be  statistically  significant  (P  =  0.03).  There  were  no
dislocations and no revisions for fracture, infection or instability amongst the patients.

Sports activity questionnaire
The responses to the questionnaire are displayed in Figures 1-6 and Table 3. There
were no statistically significant differences in the responses based on the type of TJR
for satisfaction with their TJR (P  = 0.997), likelihood of recommending a TJR (P  =
0.644), importance of athletic activity post-TJR (P = 0.768), frequency of performing
athletic activity post-TJR (P = 0.834) and ability to perform athletic activity post-TJR (P
= 0.645)

When asked the reasons for non-participation in their chosen athletic activity, 17
patients felt they had no limitations to performing their chosen activity. The most
common reasons listed for non-participation were “I don’t want to stress my joint
replacement”  (17  patients),  “A  physiotherapist/other  doctor/other  health
professional has told me not to do the activity any more” (11 patients)  and “My
surgeon has told me not to do the activity anymore” (10 patients).  There was no
statistically significant difference in the responses based on type of TJR (P = 0.995).

DISCUSSION
The aim of this study was investigate the two-year activity levels and rate of return to
athletic activity post arthroplasty and identify qualitative reasons for changes in
activity participation. It has been demonstrated that all patients in our cohort returned
to athletic activity. Patients are satisfied with their TJR and the ability to perform
athletic  activity  is  important.  The  most  common  sports  to  participate  in  pre-
operatively  are  cycling,  golf  and  running;  post-operatively,  these  tend  to  be
maintained, with tennis and gym also becoming popular. Patients are often able to
return  to  their  chosen  activity  and  perform at  a  similar,  if  not  better,  ability  in
comparison to pre-operative levels. Patients are able to participate in athletic activity
at least weekly, if not more frequently. The main reasons for non-participation in
athletic  activity  were  because  of  themselves  not  wanting  to  stress  their  joint
replacement  or  under  instruction  from  the  surgeon  or  other  doctor/health
professional.

Rates of return to athletic activity
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Table 2  Patient outcome scores

THR TKR Total

OHS/OKS

Mean Baseline score (SD; range) 21.25 (4.8; 13-35) 25.08 (5.8; 14-36) -

Mean 2-yr post-TJR score (SD; range) 40.68 (3.1; 35-47) 41.67 (4; 33-47) -

SF-12

Mean Baseline Physical score (SD; range) 35.9 (6.3; 22.2-49.8) 37 (9.7; 15.4-51.9) 36.29 (7.7; 15.4-51.9)

Mean 2-yr Physical post-TJR score (SD; range) 46.1 (6.4; 29.2-60.3) 46.4 (9.5; 29.3-61.8) 46.19 (7.6; 29.2-61.8)

Mean Baseline Mental score (SD; range) 48.4 (7.9; 24.1-68.9) 54.3 (8.3; 34.1-68.7) 50.52 (8.5; 24.1-68.9)

Mean 2-yr Mental post-TJR score (SD; range) 55.2 (6.7; 33.4-69) 57.7 (7.9; 37.3-69.3) 54.16 (7.5; 33.4-69.3)

UCLA scores

Mean Baseline score (SD; range) 7.78 (1.2; 6-10) 7.5 (1.1; 6-10) 7.67 (1.2; 6-10)

Mean 2-yr post-TJR score (SD; range) 7.93 (1.2; 6-10) 7.29 (0.9; 6-9) 7.69 (1; 6-10)

THR: Total hip replacement; TKR: Total knee replacement; TJR: Total joint replacement; UCLA: University of California, Los Angeles; OHS/OKS: Oxford
Knee and Hip Scores.

In our cohort 100% of patients returned to athletic activity. This compares favourably
with studies reporting a range of rates of return to sport between 54%[24] and 98%[25]. A
higher rate of return to athletic activity has been observed with later studies and may
reflect a more relaxed attitude of surgeons to what their patients may be permitted to
do after surgery based on a greater body of evidence.

Changes between types of activity
The range of sports described by our patients is fairly typical of other studies and
comparatively, our cohort maintains a higher level of performance. Only seven of the
cohort had a lower UCLA score at two years in comparison to their baseline score. In
these cases, there was no consistent reasoning given for a change in their activity
participation. The relatively younger age of our study, combined with the absence of
other joint problems can explain our cohort’s overall maintenance of high impact
activities. In addition, the questionnaire may not have accurately reflected a flux in
the types of activity performed: some patients may have tried to persist with their
higher-impact activity for a period after their operation before trying and settling for a
lower-impact activity. Similarly, there may be some patients who have started lower-
impact activities after their operation but may eventually start and sustain higher-
impact activities. Therefore, the post-operative UCLA scores may alter with further
follow-up.

Outcome scores for UCLA
Our study had a mean post-operative UCLA score of 7.69, comparing favourably with
other  studies[26,27].  Some  have  reported  higher  UCLA  scores:  Jackson  et  al[28]

demonstrated a mean UCLA score of 8.3 at 8.7 years post-TKR in 93 patients. Here,
the main target population involved golf, which automatically gives a UCLA score of
8. Girard et al[25] demonstrated a mean UCLA score of 9.1 at 3.7 years post-HRA in 50
patients. Here, there was a lower mean patient age of 51.5 years in comparison to 55.7
in our study; it can be argued that the lower age in addition to our mixed cohort of
types of arthroplasty may have influenced the mean score.

Differences between joints
In our study, the mean two-year SF-12 physical and mental scores were higher for our
TKR cohort than our THR cohort; these differences were not statistically significant
for  the  physical  portion  but  were  significant  for  the  mental  portion  of  the
questionnaire. Given the lack of differences between the joints in other aspects of the
questionnaires,  we cannot find a meaningful reason for this.  The mean two-year
UCLA scores were higher for THR patients compared to TKR patients (7.93 vs 7.29).
This  was  not  found  to  be  statistically  significant.  All  but  seven  patients  either
increased or maintained their baseline UCLA score. Amongst the cohort with a lower
2-year  UCLA score,  there  were  five  THR patients  and two TKR patients.  When
comparing the two joint cohorts, we did not see any statistically significant differences
for any of the parameters in the sports activity questionnaire. These findings have
replicated one of the larger recent studies in this area that did not find any differences
in UCLA scores or other functional outcomes between TKR and THR patients[17].
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Figure 1

Figure 1  Overall, how satisfied are you with your joint replacement? THR: Total hip replacement; TKR: Total
knee replacement.

Reasons involving changes in activity
Prior to this study, the literature did not hold many answers regarding the reasons for
non-participation in activity post-surgery. Huch et al[9] reported that of the patients
that reduced their athletic activity after TJR, almost half mentioned “precaution” and
just over a quarter referenced pains in other joints. However, it was not clear as to the
source of the basis of this precaution – whether it was from the patients themselves or
as directed by their operating surgeon.

Similarly, there has been no clear consensus on the rationality of this “precaution”
from patients, i.e., why do patients not want to test their new joint. It is suggested that
reducing the intensity of such activities may prolong the lifespan of the replaced joint;
however,  no  studies  to  date  have  explicitly  linked  high  activity  rates  with  an
increased rate of implant revision and there have been no prospective studies to
delineate  guidelines  for  safe  and appropriate  activities  for  patients  with  a  joint
replacement.

Klein et al[29] took consensus from a leading body of surgeons on safe activities for
patients with a joint replacement. Given some of the differences between the activities
they deemed acceptable and those that are regularly performed post-TJR, this may
represent a greater tolerance from surgeons towards granting their patients the ability
to a greater number of activities. This may be secondary to improved confidence in
surgical technique and biomaterial advances that conferred a longer implant lifespan.
With an increasing number of studies on athletic activity after joint replacement
available, it can be suggested that this evidence may be used to draft a more up-to-
date consensus on the types of activity that patients should be able to perform.

This study has several strengths. It uses validated outcome scores allowing direct
comparison with other studies. The mean outcome scores are comparable with other
studies, demonstrating that our patient cohort can be considered as fairly typical of
other cohorts and the conclusions on reasons for non-participation may be applied to
the larger arthroplasty population with similar demographics. As patient selection has
been restricted to those under the age of 60 years who have a low ASA grade and do
not  have  multiple  painful  joints,  this  study  has  minimised  factors  known  to
significantly reduce participation in athletic activity post-TJR and given more insight
into other factors that may reduce participation. Finally, to our knowledge, there are
no other studies that have presented such detailed reasons for non-participation in
athletic  activity  post-TJR,  thus  we present  new information  that  can  be  used in
advising  surgeons,  other  allied  healthcare  professionals  and  their  patients  on
capabilities in performing suitable athletic activities.

The limitations of this study are that it has a relatively small number of patients
and short follow-up time. However, this study has a larger patient number and longer
follow-up than other published studies. Our response rate was 80%, although this is
not dissimilar to the rates of other postal questionnaire studies and we do not feel that
the  conclusions  of  the  study  would  have  been  significantly  altered  with  more
responses. The study is retrospective in nature, thus the responses may be prone to re-
call bias on the part of the patients. Many similar studies are also retrospective in
nature; therefore we do not believe the validity of our findings is reduced. Finally, in
finding the qualitative reasons for non-participation in athletic activity post-TJR, non-
validated activity  questionnaires  were  used.  However,  in  order  to  gain  specific
reasons for changes in participation levels, a questionnaire designed to directly assess
this was felt to be more suitable as the available validated questionnaires did not
cover the desired information requested. In addition, several of the papers mentioned
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Figure 2

Figure 2  How likely are you to recommend having a joint replacement to others who are in need of one?
THR: Total hip replacement; TKR: Total knee replacement.

in  this  study  have  also  used  non-validated  questionnaires  in  drawing  their
conclusions and therefore this paper is therefore comparable in drawing its own
conclusions alongside these other studies.

Future research should build on our knowledge that, at present, is largely based on
mid-term retrospective studies. Given the emergence of more sophisticated outcome
scoring tools, it should be suggested that prospectively-designed studies with follow-
up beyond 10-15 years are necessary, utilising validated outcome questionnaires
alongside radiographic analysis tools, such as wear analysis software, to definitively
answer  questions  on  implant  survival  in  cases  of  higher  athletic  activity.  It  is
important  that  in  addition  to  these  outcomes,  all  complications  associated with
performing athletic activity are meticulously reported, along with suspected early
revisions. Finally, an up-to-date consensus piece, led by the experts in the field of
arthroplasty,  could  provide  information  to  surgeons,  patients  and allied  health
professionals on suitable athletic activities post-TJR. This should be based on the most
recent study evidence but should not neglect the experience of the surgeons.

In conclusion, it has been demonstrated that patients are able to return to a high
level athletic activity at two years post-TJR with good functional outcome scores.
Patients are highly satisfied with their joint replacement and are able to participate in
a variety of activities, the most common being golf, running and gym work. Patients
feel that their post-operative ability to perform their activities is better than pre-
operatively. The main reason for changing their types of activity is because of wanting
to protect their joint replacement, although some also cite instructions from their
surgeon or other healthcare professional. We would recommend more prospective
studies into this area of sports medicine and arthroplasty in addition to an up-to-date
consensus  piece  by  the  key  opinion  leaders  in  this  field  to  provide  health
professionals  on  suitable  athletic  activities  post-TJR  based  on  the  most  recent
literature.
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Table 3  Participation in activities before and after total joint replacement

Activity Pre-TJR frequency (patients) Post-TJR frequency (patients)

Cycling 12 4

Golf 10 11

Running 9 9

Walking 8 6

Dance 6 3

Tennis 5 8

Football 2 2

Gym 2 9

Sky diving 2 0

Yoga 2 2

Judo 1 0

Pilates 1 3

Table tennis 1 0

Rugby 1 0

Scuba diving 1 1

Swimming 1 1

Badminton 0 1

Triathlon 0 2

TJR: Total joint replacement.

Figure 3

Figure 3  How important is it for you to have been able to continue with your favoured activities following your joint replacement? THR: Total hip
replacement; TKR: Total knee replacement.

Figure 4

Figure 4  How often are you performing your favoured activities currently? THR: Total hip replacement; TKR: Total knee replacement.
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Figure 5

Figure 5  How do you rate your ability in performing your favoured activities now in comparison to the two years before your joint replacement? THR: Total
hip replacement; TKR: Total knee replacement.

Figure 6

Figure 6  If there are any particular activities that you now no longer perform, what is/are the reason(s) for it? THR: Total hip replacement; TKR: Total knee
replacement.

ARTICLE HIGHLIGHTS
Research background
Lower limb arthroplasty is being performed in increasing numbers worldwide on progressively
younger  patients  with  few medical  co-morbidities.  Currently,  patients  who have  stopped
participating in athletic  activity secondary to their  degenerative joint  disease may wish to
consider returning to their chosen athletic activities. It is not presently clear as to why patients
who undergo successful joint arthroplasty do not always return to athletic activity, either under
any circumstance or in a different capacity to pre-operatively.

Research motivation
The issues surrounding returning to athletic activity following either hip or knee replacement are
explored in this study, specifically the factors behind patients’ failure to return to participation in
athletic activity post-operatively. Patient expectations being met are key in satisfaction following
joint arthroplasty and having information on their ability to perform athletic activity post-
operatively is significant information to present the patient with pre-operatively to allow them to
make informed choices.

Research objectives
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The main objective for this study was to examine the rate of return to athletic activity post lower
limb arthroplasty and determine the qualitative reasons for any failure to return to athletic
activity. These objectives were met as part of the study, demonstrating that questionnaire studies
of  this  type  can  deliver  qualitative  responses  as  well  as  quantitative  scores,  from  which
meaningful conclusions can be drawn.

Research methods
This was a single centre, single surgeon retrospective questionnaire study with descriptive
statistical analysis performed to interpret the results; these methods are frequently employed in
questionnaire studies of this nature.

Research results
This study demonstrated that patients can return to athletic activity following joint replacement
to  a  satisfactory  level.  Reasons  for  non-participation  in  athletic  activity  include  (in  equal
proportions) the patient not wanting to stress their joint replacement or instruction from either
the lead surgeon or other doctor/health professional. Hip and knee replacements had similar
outcomes and return to athletic activity rates. Problems remaining to be solved are the lack of
explicit links between athletic activity and accelerated implant loosening; should such a link be
established,  it  will  affect  the  advice  provided  by  health  care  professionals  regarding  the
suitability of performing athletic activity post joint replacement.

Research conclusions
The  study  found  there  are  multiple  factors  behind  a  failure  to  return  to  athletic  activity,
including a patient wish to preserve their joint, instructions from the operating surgeon and
instructions from another health care professional,  including physiotherapists and general
practitioners. There is no one single reason why people, with no other co-morbidities or painful
joints,  do not return to full  athletic  activity.  People who are athletically active before joint
replacement have a  desire  to  return to activity post-operatively and are able  to  do so to a
satisfactory level, with no significant differences between hip and knee replacements. The study
offers original insight in that there are now qualitative reasons behind a failure to return to
normal athletic activity. Future hypotheses that could be tested are that, given the vast ability of
patients to perform activity to a high level post-operatively, restrictions on activity may be
unnecessary and potentially relaxed given the ability of patients in this study. In addition to a
prospective study investigating the conclusions further, a consensus piece could be developed to
provide information to patients, surgeons and allied health professionals about suitable athletic
activities post joint arthroplasty, based both on recent evidence but not neglecting the experience
of the surgeons. The variety of qualitative reasons for non-participation in athletic activities
represents a new area in this field. This study confirmed that patients are satisfied with their
athletic capabilities following joint arthroplasty. This study may influence the decision making
for patients wishing to undergo arthroplasty but also wanting to return to sport

Research perspectives
This study demonstrated that qualitative research has a role in outcome data alongside validated
outcome questionnaires. Future research should involve prospective studies with 10-15 year
outcomes.  The methodology should include validated outcome questionnaires  for  athletic
activity alongside radiographic analysis to assess for implant loosening and assess implant
survival in athletically active populations post arthroplasty.
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Abstract
BACKGROUND
Scaphoid fracture is the most commonly fractured carpal bone in the athletic
patient, accounting for over 85% of all sport-related carpal bone fractures, and is
particularly common in sports involving high impact injuries to the wrist. The
management of such injuries comprises both conservative and surgical
techniques, as guided by fracture location and type. Athletes demonstrate a
unique challenge with regards to the management of scaphoid fractures due to
their requirement to return to sport, as soon as able.

AIM
To review systemically all studies recording return to sport following scaphoid
fractures, to collate information on return rates to sport (RRS) and mean return
times (RTS) to sport and to determine differences in sporting outcome for the
various treatment methods.

METHODS
A systematic search of MEDLINE, EMBASE, CINAHAL, Cochrane, Google
Scholar, Physiotherapy Evidence Database, SPORTDiscus, Web of Science and
Scopus was performed in August 2018 using the keywords “scaphoid”,
“fracture”, “acute”, “carpal”, “athletes”, “sports”, “non-operative”,
“conservative”, “operative” and “return to sport”. All studies that recorded RRS
and RTS following scaphoid fractures were included. RTS was recorded as the
length of time from commencement of either primary conservative management
or primary surgical procedure to return to sport.
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RESULTS
Eleven studies were included: Two randomised controlled trials, six retrospective
cohort studies and three case series. Seven studies reported on conservative
management (n = 77), and eight studies reported on surgical management (n =
83). For conservative management, RRS was 90% (69/77), and the mean RTS was
9.6 wk. Three studies allowed to return to sport in cast [RRS 89% (25/28); RTS 1.9
wk], and four studies required completion of cast treatment prior to returning to
sport [RRS 90% (44/49); RTS 13.9 wk]. Four studies recorded fracture union data:
Union rate 85% (47/55); mean time to union 14.0 wk. For surgical management,
RRS was 98% (81/83), and RTS was 7.3 wk. Three studies reported on
Percutaneous Screw Fixation [RRS 97% (32/33); RTS 6.5 wk], and five studies
reported on Open Reduction Internal Fixation [RRS 98% (49/50); RTS 7.9 wk]. Six
studies recorded fracture union data: Union rate 97% (69/71); mean time to union
9.8 wk. On meta-analysis, RRS (RR = 1.09; 95% confidence interval (CI): 1.00-1.18;
P < 0.045), RTS (MD 2.3 wk; 95%CI: 0.79-3.87; P < 0.002), union rates (RR = 1.14;
95%CI: 1.01-1.28; P < 0.030) and mean times to union (MD 4.2 wk; 95%CI: 3.94-
4.36; P < 0.001) were all significantly better for the surgical cohort compared to
the conservative cohort.

CONCLUSION
Surgical management of scaphoid fractures can provide significantly improved
RRS and RTS to sport compared to conservative management. Both treatments,
however, remain acceptable options, and athletes should be fully informed of the
benefits and risks of both prior to deciding treatment plans. Immediate return to
sport in a cast should be avoided due to the significant risk of non-union.

Key words: Acute; Fracture; Scaphoid; Carpal; Return; Sport; Rate; Time
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Core tip: We recorded returned rates (RRS) and return times (RTS) to sport following
acute scaphoid fractures. Eleven studies were included. Seven studies reported on
conservative treatment (n = 77); eight studies reported on surgical treatment (n = 83).
For conservative management, RRS was 90% (69/77), and RTS was 9.6 wk. For surgical
management, RRS was 98% (81/83), and RTS was 7.3 wk. On meta-analysis, RRS (P <
0.045) and RTS (P < 0.002) were significantly better for surgical management compared
to conservative management. Surgical management of acute scaphoid fractures can
provide significantly improved RRS and RTS compared to conservative management.

Citation: Goffin JS, Liao Q, Robertson GAJ. Return to sport following scaphoid fractures: A
systematic review and meta-analysis. World J Orthop 2019; 10(2): 101-114
URL: https://www.wjgnet.com/2218-5836/full/v10/i2/101.htm
DOI: https://dx.doi.org/10.5312/wjo.v10.i2.101

INTRODUCTION
The scaphoid is the most commonly fractured carpal bone in the athletic patient,
occurring a rate of 0.06 per 1000 population and accounting for over 85% of all sport-
related  carpal  bone  fractures[1].  These  fractures  usually  arise  from  a  fall  onto  a
hyperextended  wrist,  resulting  in  longitudinal  loading  of  the  scaphoid  and  a
subsequent failure of the dorsal cortex on compression[2]. The scaphoid is at particular
risk from sports involving high impact injuries to the wrist, such as football, rugby
and basketball[1].

Clinicians should have a high index of suspicion in athletes presenting with post-
traumatic pain on the radial aspect of the wrist or in the anatomical snuffbox region[3].
Sensitive  examination  findings  include  tenderness  in  the  anatomical  snuffbox,
scaphoid tubercle and pain on longitudinal compression of the thumb[4]. Clinically,
this fracture can be difficult to diagnose and may not become visible until repeated
scaphoid view radiographs are obtained[3]. When negative, the second line imaging is
either magnetic resonance imaging or computed tomography scan: This is particularly
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valuable when considering return to sport in affected athletes[5,6].
These fractures can be divided according to their location (proximal third; waist or

middle  third;  distal  third),  fracture  displacement  (undisplaced  or  minimally
displaced; displaced) and fracture stability[3]. The Herbert Classification is the most
common classification, which groups scaphoid fractures into stable (A) and unstable
fractures (B)[7]. Stable fracture patterns include those of the scaphoid tubercle (A1) and
incomplete fractures through the scaphoid waist (A2). Unstable fracture patterns
include distal oblique fractures (B1), complete waist fractures (B2), proximal pole
fractures (B3), transscaphoid perilunate dislocation (B4) and comminuted fractures
(B5)[7].

Management of these injuries is based on the location and nature of the fracture[3].
Undisplaced stable fractures (A1 and A2) are routinely treated conservatively with a
scaphoid or forearm cast for 8 wk to 12 wk, until the fracture unites[3,8]. Due to the risk
of non-union and avascular necrosis, displaced fractures are treated surgically with
open reduction and internal fixation[3]. Occasionally, displaced distal fractures of the
scaphoid tubercle, which are symptomatic, can be treated with surgical excision[3]. The
treatment of undisplaced unstable fractures remains controversial: Some clinicians
advise conservative management with a scaphoid or forearm cast for 8 to 12 wk;
while others recommend surgical management with internal screw fixation (often
feasible through a percutaneous approach)[3,9]. Previous studies have demonstrated an
earlier return to sport when comparing surgical to conservative management for
undisplaced unstable fractures of the scaphoid waist: However, treatment practises of
these injuries still remain varied among clinicians[9-11]. Athletes demonstrate a unique
challenge with regards to the management of such fractures due to their requirement
to return to sport as quickly as possible[12].

The aim of this review was to assess systemically all studies recording return to
sport following scaphoid fractures, allowing collation of information on return rates
to sport (RRS) and mean return times to sport (RTS), and determining differences in
sporting outcome for the various treatment methods.

MATERIALS AND METHODS

Literature search
The authors performed a systematic literature review in August 2018 using the listed
databases: CINAHAL, Cochrane Collaboration Database, EMBASE, Google Scholar,
Medline (PubMed), Physiotherapy Evidence Database, Scopus and Web of Science
and SPORTDiscus. The search was limited to peer-reviewed articles in the English
language that reported on rates and times of return to sports following acute scaphoid
fractures. The key terms used for the search in each database included “scaphoid”,
“fracture”, “acute”, “carpal”, “sports”, “athletes”, “non-operative”, “conservative”,
“operative” and “return to sport”. All available studies were included for review with
no restrictions on publication year.

All three authors performed an independent review of the retrieved titles and the
subsequently  selected  abstracts,  adhering  to  the  Preferred  Reporting  Items  for
Systematic Reviews and Meta-analyses (PRISMA) guidelines[13]. Table 1 records the
inclusion and exclusion criteria as per the PRISMA guidelines. Abstracts, anecdotal
articles, case reports, review articles, animal, cadaver and in vitro studies were all
excluded from the review unless they contained relevant clinical information. The
full-text article was downloaded when exclusion could not be established from review
of the abstract alone. The reference lists of the retrieved articles were also assessed to
identify further studies for inclusion. Disagreements in study selection for inclusion in
this review were to be resolved through consensus discussion between the three
authors: There were, however, no major disagreements. Figure 1 summarises the
selection process for the review, as per the PRISMA guidelines.

The following data  were  extracted from the  included studies:  general  patient
demographics;  mechanism of injury;  fracture location;  conservative and surgical
management methods; return rates and return times to sport; return rate to pre-injury
level of sport; rate of fracture union; time to fracture union and complications. The
primary  outcome  measures  were  RRS  and  RTS.  Secondary  outcome  measures
included rates  of  return to  pre-injury level  of  sport,  fracture union rate,  time to
fracture union and complications following treatment. Return to pre-injury level of
sport was defined as the ability of the athlete to return to their previous level of play
(i.e., to the same competitive standard as pre-injury).

For conservatively-managed patients, RTS was recorded as the time length from
commencement  of  conservative  management  to  return  to  sport.  For  surgically
managed patients, RTS was recorded as the time length from the primary surgical
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Table 1  Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Acute scaphoid fractures Scaphoid Fracture Delayed Union or Non-Union

Elite or recreational athletes No sporting outcome data reported

Return rates to sporting activity reported Paediatric fractures (age under 15)

Time to return to sporting activity reported Concomitant upper or lower limb fractures

Two or more fractures reported Reviews, case reports, abstracts or anecdotal articles

Peer-reviewed journals Animal, cadaver or in vitro studies

English language

procedure to return to sport.
When  a  patient  was  unable  to  return  to  sport  from  the  primary  treatment

technique, requiring conversion to a secondary treatment, this was recorded as a non-
return to sport.

Quality assessment
The modified Coleman methodology score (CMS) was employed to determine the
quality  of  the  included  studies[14]:  This  has  been  used  in  a  number  of  similar
reviews[15-20]. The studies were scored by all three authors: the inter-observer reliability
of the scoring process was 0.92 (95% confidence interval (CI): 0.90–0.94).

Statistical analysis
Meta-analysis comparisons were performed on cohorts for the following variables:
RRS, RTS, rate of fracture union and time to fracture union. These were processed
using RevMan Version 5.3 (The Cochrane Group). To assess comparisons between
dichotomous data, risk ratios (RRs) with a random effects model were utilised. To
assess comparisons between continuous data, mean differences (MDs) with a random
effects model were utilised. The I2 statistic was used to analyse the heterogeneity of
the  included  studies:  This  was  significant  when  I2  was  greater  than  50%.  The
significance level was identified as P < 0.05.

RESULTS

Search
The process of study selection is reported in Figure 1. In total, 46 unique abstracts and
11 unique articles were assessed. The search strategy yielded 11 relevant publications,
published from 1979 to 2014, with data available on clinical and functional outcomes
of  patients  who  returned  to  sports  activity  after  sustaining  an  acute  scaphoid
fracture[9,10,21-29].  There were two randomised controlled trials[9,10],  six retrospective
cohort studies[21-26] and three case series[27-29].

Table 2 summarises the characteristics of the articles included in this review. The
table contains information on study location, patient demographics including gender
and age, fracture type/location, management methods, sporting activities reported
and level of sport.

Patient demographics
Of the 170 fractures, 131 (77%) occurred in male patients, 13 (8%) in female patients
and 26 (15%) failed to specify gender. Of the 170 fractures recorded, follow-up data
were achieved for 160 (94.1%). The mean age at the time of injury ranged from 17.3
years[24] to 31.0 years[10]. The most common recorded sports were American football,
soccer, baseball and basketball (Table 2).

Fracture location and classification
Four  studies  described  fracture  configuration  using  a  formal  fracture
classification[9,10,24,25]:  all  four used the Herbert Classification[9,10,21-25].  Three studies
recorded fracture location without using a formal classification[21-23].  Four studies
failed to report on fracture location[26-29].

The reported fracture types comprised waist/middle third (n = 68), proximal third
(n = 9), distal third (n = 6), Herbert A2 (n = 3), Herbert B1 (n = 1), Herbert B2 (n = 66)
and Herbert B3 (n = 1). There was no avulsion fracture recorded in the studies.

Study design
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Figure 1

Figure 1  Selection of articles for inclusion in the review in accordance with the PRISMA protocol[13]. PRISMA:
Preferred Reporting Items for Systematic Reviews and Meta-analyses.

The CMS for all the studies was 59.5 (range 42-82) (Table 3)[9,10,21-29]. The CMS was 58.6
for  the  studies  reporting  on  conservative  management  (range  42-82)  (Table
3)[9,10,21,22,26,27,29]. The CMS was 62.9 for the studies reporting on surgical management
(range 44-82) (Table 3)[9,10,22-26,28].

Management
Of 160 fractures available for follow up, 77 were managed conservatively, and 83 were
managed surgically. Of those managed conservatively, 28 were allowed to return to
sport in cast, while 49 were only allowed to return to sport following cast treatment.
Of  those  managed surgically,  50  were  treated with  open reduction and internal
fixation (ORIF), and 33 were treated with percutaneous surgical fixation (PSF).

Conservative management
Seventy-seven of the scaphoid fractures were managed conservatively[9,10,21,22,26,27,29], of
which 28 were allowed to return to sport in cast[21,22,27], and 49 were only allowed to
return to sport following cast treatment[9,10,26,29].

The recorded forms of cast immobilisation included short arm thumb spica cast
with the wrist in a neutral position[21], colles casts without thumb immobilisation[9] and
below elbow plaster casts[10]. Two of the studies provided the patient with a specific
silastic[21] or orthoplast[22] “playing” cast, which was used during sporting activities[22].

For the studies that allowed return in cast, the mean duration of immobilisation
ranged from 3 mo to 6 mo[21,22,27]. For the studies that did not allow return in cast, the
mean duration of immobilisation was 10 wk maximum[9,10,26,29].

Surgical management
Eighty-three of the scaphoid fractures were managed surgically[9,10,22-26,28]; the reported
surgical techniques included ORIF (n = 50)[22-25,28] and PSF (n = 33)[9,10,26].

PSF  was  performed  in  three  studies[9,10,26],  of  which  two  reported  on  surgical
technique and post-operative rehabilitation[9,10]. Both studies performed the technique
through a minimal incision over the distal pole of the scaphoid and used a cannulated
scaphoid  screw for  fixation[9,10].  Post-operatively,  Adolfsson et  al[10]  immobilised
patients for 3 wk full time in a below elbow plaster splint, then 3 wk part time with a
removable plastic splint during sports or vigorous activities; McQueen et al[9] used no
immobilisation post-operatively, encouraging patient to mobilise as able. McQueen et
al[9] advocated referral to physiotherapy post-operatively if clinically indicated.

ORIF was performed in five studies[22-25,28],  of  which four reported on surgical
technique and post-operative rehabilitation[22-25]. Three studies used a volar (Russe-
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Table 2  Characteristics of the included studies

Ref. Study
location n

Fracture
type/

location

Gender
(count) Mean age Study

design Treatment Sport
activity

Level of
sport

Adolfsson et
al[10] (2001)

Linkoping &
Lund,

Sweden

5 Waist (5) N/A 31 (15-75) RCT PSF (3);
Conservative

(2)

Soccer (3);
Swimming

(1); Squash (1)

National level

Bedi et al[25]

(2007)
Ann Arbor,
Michigan,

United States

6 B2 (6) N/A 25 (16-62) RCS ORIF (6) Sport (6) Collegiate/
Professional

Ellsasser and
Stein[27]

(1979)

St. Louis,
Missouri,

United States

2 - M: 2 N/A CS Conservative
(2); Returned
immediately

American
football (2)

Professional

Huene[28]

(1979)
Fresno,

California,
United States

4 - N/A N/A CS ORIF (4) Sport (4) N/A

McQueen et
al[9] (2008)

Edinburgh,
United

Kingdom

55 B1 (1); B2 (54) M: 50 F: 10 29.4 (17-65) RCT PSF (28);
Conservative

(27)

N/A N/A

Muramatsu
et al[24] (2002)

Yamaguchi,
Japan

10 A2 (3); B2 (6);
B3 (1)

M: 10 17.3 (13-22) RCS ORIF (10) Badminton
(1); Baseball

(2); Basketball
(2); Boxing

(2); Handball
(1); Judo (2);
Rugby (1);
Soccer (16);
Tennis (1);
Track (2)

N/A

Rettig et al[22]

(1994)
Indianapolis,

Indiana,
United States

30 MT (30) M: 25 F: 5 18.3 RCS ORIF (18);
Conservative
(12); Returned
immediately

Sport (30) N/A

Rettig and
Kollias[23]

(1996)

Indianapolis,
Indiana,

United States

12 MT (10) PT (2) M: 11 F: 1 21 (17-31) RCS ORIF (12) Baseball (2);
Basketball (8);

Archery (2)

N/A

Riester et
al[21] (1985)

Syracuse,
New York,

United States

14 MT (11) PT (3) M: 13 F: 1 N/A RCS Conservative
(14); Returned
immediately

American
Football (12);
Basketball (1);

Soccer (1)

Intercollegiate
/ High school

Robertson et
al[26] (2012)

Edinburgh,
United

Kingdom

20 MT (11); PT
(4); DT (5)

M: 20 26.1 RCS PSF (2);
Conservative

(18)

Soccer (20) N/A

Robertson et
al[29] (2014)

Edinburgh,
United

Kingdom

2 MT (1); DT (1) M: 2 21 CS Conservative
(2)

Rugby (2) N/A

RCT: Randomised controlled trial; RCS: Retrospective cohort study; CS: Case series; ORIF: Open reduction and internal fixation; PSF: Percutaneous
surgical fixation; M: Male; F: Female; N/A: No data available; MT: Middle third; PT: Proximal third; DT: Distal third; A2: Stable waist fracture; B1:
Unstable distal oblique fracture; B2: Unstable waist fracture; B3: Unstable proximal pole fracture; S: Surgical management; C: Conservative management.

Type)  approach  to  the  scaphoid[22-24];  one  used a  dorsal  approach[25].  All  studies
performed fixation with a scaphoid screw[22-25]. Post-operative immobilisation regimes
comprised: a below elbow spica splint for 7 d to 10 d followed by a resting splint as
needed[22,23];  below elbow cast immobilisation for 1 wk to 7 wk (mean 4 wk) with
duration of cast immobilisation based on the intra-operative findings and the clinical
judgement  of  the  responsible  surgeon[24];  a  below-elbow plaster  splint  for  2  wk,
followed by a removable forearm splint for 2 wk to 4 wk[25]. Formal physiotherapy
programmes were described in three studies[22,23,25].

Functional assessment
Three studies used formal validated scoring systems to assess functional outcomes
post  intervention[9,24,25].  Two studies  reported on scaphoid fractures  treated with
ORIF[24,25]; the other study was a randomised controlled trial comparing conservative
vs surgical management[9]. The functional scores used included the Disabilities of the
Arm,  Shoulder  and  Hand  Score [25 ],  the  Mayo  wrist  score [24 ],  the  modified
Green/O’Brien score[9] and a Visual Analogue Score for Pain[25].
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Table 3  Scaphoid fractures - only fractures with follow-up data included (mean values unless otherwise stated).

Ref. n Mean
follow-up

Coleman
score

Return
Rate

Return
rate by

treatment
modality

Return
rate to
same

level of
sport

Return
time

(range)

Return
time

(range) by
treatment
modality

Rate of
union

Time to
union

(range)

Complicat
ions by

treatment
modality

Adolfsson
et al[10]

(2001)

5 - 70 5/5 C: 2/2; S:
3/3

C: 2/2; S:
3/3

8.2 (6-12)
wk

C: 11.5 (11-
12) wk; S: 6

wk

C: 2/2; S:
3/3

C: N/A; S:
N/A

C:
Persistent

radial
border

wrist pain
(1); S: Nil

Bedi et
al[25]

(2007)

6 98 (12-272)
wk

64 5/6 S: 5/6 S: 5/6 N/A S: N/A S: N/A S: N/A S: Non-
union (6%)

; Scar
sensitivity

(6%)

Ellsasser
& Stein[27]

(1979)

2 - 42 2/2 C: 2/2 C: 2/2 0 wk C: 0 wk S: N/A S: N/A C: Nil

Huene[28]

(1979)
4 - 48 4/4 S: 4/4 S: 4/4 7 (6-8) wk S: 7 (6-8)

wk
S: N/A S: N/A S: SRNN

(40%)

McQueen
et al[9]

(2008)

55 1 yr 82 53/55 C: 26/27; S:
27/28

C: 26/27; S:
27/28

10.9 (2-26)
wk

C: 15.5 (6-
26) wk; S:
6.4 (2-20)

wk

C: 23/27; S:
27/28

C: 13.9 (8-
36) wk; S:
9.2 (8-18)

wk

C: Non-
union (4);
Malunion
(3); AVN
(2); CRPS

(1);
Radioscaph
oid OA(1);

S: Peri-
operative

breakage of
the

cannulated
screwdrive

r (2)
Symptomat

ic
metalwork
(1); Non-
union (1)

Muramats
u et al[24]

(2002)

10 - 66 10/10 S: 10/10 n/a 10.7 (6-13)
wk

S: 10.7 (6-
13) wk

S: 10/10 S: 9.2 (6–16)
wk

S: nil

Rettig et
al[22]

(1994)

30 C: 48.7 (9-
136) wk; S:
49.3 (5-164)

wk

63 29/30
(96.7%)

C: 11/12; S:
18/18

n/a 6.6 (0-21)
wk

C: 4.3 (0-
10) wk; S: 8
(3-21) wk

C: 11/12; S:
18/18

C: 14.2 (8-
26) wk; S:
11.2 (4-24)

wk

C: Non-
union (1);

S: nil

Rettig &
Kollias[23]

(1996)

12 2.9 yr 66 12/12
(100%)

S: 12/12 S: 12/12 5.8 (1-10)
wk

S: 5.8 (1-10)
wk

S: 11/12 S: 9.8 (6-18)
wk

S: Non-
union (1)

Riester et
al[21]

(1985)

14 47 mo (3.9
yr)

65 12/14 C: 12/14
(85.7%)

C: 12/14 0 wk C: 0 (0-0)
wk

C: 11/14 C: N/A C: Non-
union (3)

(of which 2
patients
required
surgical

interventio
n)

Robertson
et al[26]

(2012)

20 30 (24-36)
mo

44 16/20 C: 14/181;
S: 2/2

C: 13/181;
S: 2/2

12.2 (6-24)
wk

C: 12.7 (6-
24) wk; S:

8.5 (8-9) wk

C: N/A; S:
N/A

C: N/A; S:
N/A

C: Non-
union (3)

(all 3
patient

required
delayed

conversion
to surgical
fixation); S:

Nil
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Robertson
et al[29]

(2014)

2 40 (34-46)
mo

44 2/2 C: 2/2 C 2/2 4 (4-4) wk C: 4 (4-4)
wk

C: N/A C: N/A C: Nil

1Three fractures initially treated conservatively developed non-union and required conversion to surgical treatment. 2 of these returned to soccer post-
surgery. N/A: No data available; S: Surgical management; C: Conservative management; SRNN: Superficial radial nerve neuropraxia; AVN: Avascular
necrosis; CRPS: Complex regional pain syndrome; OA: Osteoarthritis.

Return rates to sport
Conservative management: The RRS for conservatively-managed scaphoid fractures
are provided in Table 4 and Figure 2A. RRS to pre-injury level  of  sport  for each
conservative management method are provided in Table 4 and Figure 2B.

For the “conservative” synthesis cohort, the RRS was 90% (69/77). For patients who
returned to sport in a cast, the RRS was 89% (25/28). For patients who returned to
sports after cast removal, the RRS was 90% (44/49).

Surgical  management:  The  RRS  for  scaphoid  fractures  managed  surgically  are
provided in Table 4 and Figure 2A. Return rates to pre-injury level of sport for each
surgical management method are provided in Table 4 and Figure 2B.

For the “surgical” synthesis cohort, the RRS was 98% (81/83). For patients treated
with ORIF, the RRS was 98% (49/50). For patients treated with PSF, the RRS was 97%
(32/33).

On meta-analysis,  when comparing the “conservative” synthesis cohort to the
“surgical” synthesis cohort, the difference in RRS was significant (RR = 1.09; 95%CI:
1.00-1.18; P < 0.045: I2 = 0%, P = 0.78).

Return times to sport
Conservative  management:  The  RTS  for  the  conservatively-managed  scaphoid
fractures are provided in Table 4  and Figure 3.  For the “conservative” synthesis
cohort, the mean RTS was 9.6 (0-16) wk. For patients who returned to sport in a cast,
the mean RTS was 1.9 (0-4) wk. For patients who returned to sports after cast removal,
the mean RTS was 13.9 (4-16) wk.

Surgical  management:  The  RTS  for  surgically  managed  scaphoid  fractures  are
provided in Table 4 and Figure 3. For the “surgical” synthesis cohort, the mean RTS
was 7.3 (6-11) wk. For patients treated with ORIF, the mean RTS was 7.9 (6-11) wk.
For patient treated with PSF, the mean RTS was 6.5 (6-9) wk.

On meta-analysis, comparing the “conservative” synthesis cohort to the “surgical”
synthesis cohort, the difference in the mean RTS was significant (MD 2.3 wk; 95%CI:
0.79-3.87; P < 0.002).

Fracture union
Conservative  management:  Four  studies  reporting  on  conservatively  managed
fractures recorded data on fracture union[9,10,21,22]. The union rate for this cohort was
85% (47/55),  and the mean time to union was 14.0 (14-14)  wk.  For patients  who
returned to sport in a cast, the union rate was 85% (22/26), and the mean time to
union was 14.2 wk[21,22]. For patients who returned to sports after cast removal, the
union rate was 86% (25/29), and the mean time to union was 13.9 wk[9,10].

Surgical  management:  Five  studies  reporting  on  surgically  managed  fractures
recorded data  on  fracture  union[9,10,22-24].  The  union  rate  for  this  cohort  was  97%
(69/71), and the mean time to union was 9.8 (9-11) wk. For patients treated with ORIF,
the union rate was 98% (39/40), and the mean time to union was 10.3 (9-11) wk[22-24].
For patients treated with PSF, the union rate was 97% (30/31), and the mean time to
union was 9.2 (9-9) wk[9,10].

On meta-analysis, comparing the “conservative” cohort to the “surgical” cohort, the
difference in union rates (RR = 1.14; 95%CI 1.01-1.28; P < 0.030: I2 = 0%, P = 0.99) and
mean union times (MD 4.2 wk; 95%CI 3.94-4.36; P < 0.001) were both significantly
better for the ‘surgical’ cohort (Table 4).

Complications
Conservative  management:  Two  of  the  three  studies,  which  comprised
conservatively-managed patients who returned to sport immediately in cast, reported
complications[21,22]. These comprised non-union (8%-21%)[21,22] and delayed surgical
intervention for non-union (14%)[21] (Table 3).

Three of the four studies, which comprised conservatively-managed patients who
returned to sport after cast treatment, reported complications[9,10,26]. These comprised
non-union  (15%-17%)[9,26],  delayed  surgical  intervention  for  non-union  (17%)[26],
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Figure 2

Figure 2  Return rates to sport following scaphoid fractures (A) and return rates to pre-injury level of sport
following scaphoid fractures (B). ORIF: Open reduction and internal fixation; PSF: Percutaneous surgical fixation.

avascular necrosis (7%)[9], complex regional pain syndrome (4%)[9], malunion (11%)[9],
radioscaphoid osteoarthritis (4%)[9] and persistent radial border wrist pain (50%)[10]

(Table 3).

Surgical management: One of the three studies, reporting on patients treated with
PSF,  reported  complications[9].  These  comprised  peri-operative  breakage  of  the
cannulated screwdriver (7%)[9], symptomatic metalwork (4%)[9] and non-union (4%)[9]

(Table 3).
Three  of  the  five  studies,  reporting  on  patients  treated  with  ORIF,  reported

complications[23,25,28]. These comprised non-union (8%)[23]; scar sensitivity(6%)[25] and
superficial radial nerve neuropraxia (40%)[28].

DISCUSSION
The management of scaphoid fractures remains a challenge in the athletic population.
The findings from our review demonstrate that surgical management offers the best
outcome  regarding  RRS  and  RTS  post  treatment.  Not  only  does  conservative
management  result  in  significantly  lower  RRS  and  RTS,  it  also  demonstrates  a
substantial  rate of fracture non-union, which can further impair athletes in their
recovery from this injury.

In  this  review,  the  methodological  quality  of  studies  was  lower  than  that  of
previous similar systematic reviews looking at return to sports following various
fracture types,  with a  mean CMS of  59.5[16-20].  Thus,  despite  the inclusion of  two
randomised controlled trials in this study[9,10], this demonstrates a need for further
high-quality research in this area including level one studies.

The management of scaphoid fractures is dependent on the location and the nature
of the fracture. Of the recorded fracture types in the review, scaphoid waist fractures
(waist,  middle third, Herbert B2, Herbert A2) comprised the significant majority,
representing 89% of these. All fractures types recorded in the review were, however,
amenable to either surgical or conservative treatment as acute management: and these
were therefore considered suitable for synthesis into the sub-cohorts accordingly.

From this review, the authors found that conservative management offered an RRS
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Table 4  Summary of the return rates to sport and return times to sport by treatment modality

Mode of
treatment n Return rates to

sport
Mean return times

to sport

Return rate to pre-
injury level of

sport
Union rate Mean time to

union

All[9,10,21-29] 160 150/160
(94%)[9,10,21-29]

8.4 wk[9,10,21-24,26-29] 110/120
(92%)[9,10,21,23,25-29]

116/126
(92%)[9,10,21-24]

11.3 wk[9,22-24]

Conservative[9,10,21,2
2,26,27,29]

77 69/77
(90%)[9,10,21,22,26,27,29]

9.6 wk[9,10,21,22,26,27,29] 57/65 (88%)[9,10,26,29] 47/55 (85%)[9,10,21,22] 14.0 wk[9,22]

Conservative -
return in
cast[21,22,27]

28 25/28 (89%)[21,22,27] 1.9 wk[21,22,27] 14/16 (88%)[21,27] 22/26 (85%)[21,22] 14.2 wk[22]

Conservative -
return after
cast[9,10,26,29]

49 44/49 (90%)[9,10,26,29] 13.9 wk[9,10,26,29] 43/49 (88%)[9,10,26,29] 25/29 (86%)[9,10] 13.9 wk[9]

Surgical[9,10,22-26,28] 83 81/83
(98%)[9,10,22-26,28]

7.3 wk[9,10,22-24,26,28] 53/55
(96%)[9,10,23,25,26,28]

69/71 (97%)[9,10,22-24] 9.8 wk[9,22-24]

ORIF[22-25,28] 50 49/50 (98%)[22-25,28] 7.9 wk[22-24,28] 21/22 (95%)[23,25,28] 39/40 (98%)[22-24] 10.3 wk[22-24]

PSF[9,10,26] 33 32/33 (97%)[9,10,26] 6.5 wk[9,10,26] 32/33 (97%)[9,10,26] 30/31 (97%)[9,10] 9.2 wk[9]

of 90% (88% return rate to pre-injury level of sport) with a mean RTS of 9.6 wk. While
this  can be  considered satisfactory,  as  compared to  figures  reported from other
fracture types, the return rates and return times were significantly lower compared to
those reported from surgical management. With this, the rate of non-union from the
conservatively-managed cohort was 15%, which again was significantly higher than
that for the surgically managed cohort (3%)

To note, with the conservatively-managed cohort, there were three studies that
advocated  immediate  return  to  sport  following  the  injury,  using  cast  or  splint
immobilisation[21,22,27].  This group demonstrated a non-union rate of 15%, which is
likely the result of excessive movement at the fracture site secondary to early return to
sporting activities. All three studies were published over 30 years ago[21,22,27], and such
practice is currently not recommended for this reason[3].  Given that this provided
return times of 0 wk for their patients, this considerably skews the “return time” data
for  the  conservatively-managed  patients.  When  the  return  times  for  the
“conservative” cohort are analysed in consideration of this, the mean RTS for the
patients  who  returned  to  sport  following  cast  treatment  was  13.9  wk.  This  is
considerably longer than that  recorded by the “surgical” cohort  (7.3  wk) and so
provides further recommendation towards surgical management of these injuries.

Thus, while conservative management can provide acceptable results in terms of
RRS and RTS, athletes should be appropriately informed of the likely increased return
time,  decreased  return  rate  and  increased  non-union  rate  associated  with  this
treatment, in comparison to surgical management. Given the comparably high non-
union rate associated with return to sport in cast, it is currently not recommended to
allow patients to return to sports during cast immobilisation.

On analysis of the data from the “surgical” cohort,  the authors found that this
treatment provided an RRS of 98% (96% return rate to pre-injury level of sport) and a
mean RTS of 7.3 wk: both these figures were significantly less than those from the
“conservative” cohort. The union rate was also significantly higher for the “surgical”
cohort (97%) compared to the “conservative” cohort (85%). ORIF and PSF provided
similar  RRS  (98%  and  97%  respectively):  however,  PSF  provided  a  marginally
improved mean RTS (6.5 wk vs 7.9 wk). This is likely accounted for by the reduced
tissue dissection, reduced duration of post-operative immobilisation and the simpler
fracture patterns amenable to PSF when compared to ORIF[9,10,22-26,28]. However, despite
this, both treatment methods offered similar union rates (98% vs  97%), providing
evidence of the substantial benefit that surgical stabilisation and compression can
provide to bone healing with this injury[9,10,22-26,28]. Our findings correlate with a similar
systematic review, comparing conservative to surgical management of scaphoid waist
fractures, which demonstrated earlier return to work and faster time to union with
surgical management[30].

Given  the  substantial  benefits  in  RRS,  RTS  and  union  rates  for  surgical
management as compared to conservative management, surgical management should
be the recommended option for treatment of these injuries in the athlete[31]. However,
given that conservative management remains a reasonable option, any treatment
recommendation must include a full discussion regarding the benefits and risk of
both surgical and conservative management, particularly detailing the risk of surgical
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Figure 3

Figure 3  Return times to sport following scaphoid fractures. ORIF: Open reduction and internal fixation; PSF:
Percutaneous surgical fixation.

complications (surgical site infection, metalwork-related symptoms, neuro-vascular
injury and wound problems) when describing surgical management[32,33].

To note, there were a number of different immobilisation techniques and regimes
used in the included studies [9,10,21,25]. A clear benefit of surgical stabilisation is that it
reduces the requirement for post-operative immobilisation, facilitating an accelerated
return to sporting activities[9,10,22-26,28].  However,  on comparing studies within the
conservative and surgical  cohorts,  significant  variations were noted within each
treatment group. Within the surgical cohort, post-operative immobilisation post ORIF
ranged from 1 wk to 7 wk, with a variety of below elbow spica splints, casts and
plaster splints employed[22-25,28]. Of the studies that employed PSF, one did not require
post-operative immobilisation[9],  while  another required splinting up 6 wk post-
operatively[10].  Within  the  conservative  cohort,  the  methods  of  immobilisation
included a short arm thumb spica cast with the wrist in a neutral position[21], colles’
cast without thumb immobilisation[9] and below elbow plaster casts[10], while the mean
duration of  immobilisation ranged from 10 wk to 6  mo[9,10,26,29].  Interestingly,  the
studies that allowed return to sport in a cast had considerably longer immobilisation
durations (3 mo to 6 mo)[21,22,27] than the other studies[9,10,26,29]. Given the substantial
variety present, it was not possible to analyse the effect of immobilisation methods
and duration on sporting outcome. However, such variation clearly demonstrates an
area of future research, whereby the optimal methods and duration of immobilisation
can be determined for these fractures to improve further RRS and RTS.

The use of formal functional outcomes scores was lower when compared to similar
reviews assessing other fracture types[15-20]. Only three of the 11 studies used formal
functional assessments to assess patient outcome[9,24,25].  Future prospective studies
should aim to utilise validated functional assessment scoring systems in order to
assess further the effect of immobilisation and rehabilitation following fractures of the
scaphoid in athletes.

Our review has several limitations
The first of these relates to the fact that a number of the earlier studies included in the
review  had  very  limited  information  on  patient  demographics  as  well  as  post-
operative care. Although they provided the relevant information regarding RRS and
RTS, the lack of additional information limited our ability to perform more detailed
analyses, assessing for associated predictive factors of sporting outcome.

Further to this, most of the included studies did not provide detailed information
regarding sporting outcomes, often failing to provide information on return to pre-
injury level of sport. To accommodate for this, the authors designated three main
categories for sporting outcome (return to sport, RTS, return to pre-injury level of
sport), allowing clear definitive outcome data to be extracted from each study, thus
facilitating direct comparisons to be made on the effect of different treatments from
the various studies included.

A further limitation of the review lies in the inclusion of studies from several years
previous, which report on treatment methods that are no longer recommended[21,22,27].
Three of the earlier studies allowed patients to return to sports immediately in cast,
which positively skewed the RTS for the conservative cohort[21,22,27]: such practice is
actively  discouraged  in  current  practice  given  the  substantial  risk  of  fracture
displacement and non-union[3]. However, the results were appropriately divided into
sub-cohorts, demonstrating the effects of such practices on the synthesis data.
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The final limitation comprises the variety of fracture locations present within the
review. While  the significant  majority of  the recorded fractures were within the
scaphoid waist region, a number of studies reported on fractures both within the
proximal and distal third regions of the scaphoid. However, all recorded fracture
types were suitable for either conservative or surgical management, and so it was
considered appropriate to synthesise these accordingly for outcome analyses.

Over 90% of athletes who sustain a scaphoid fracture can expect to return to sport.
While conservative management can provide acceptable results regarding RRS and
RTS, surgical management can provide athletes with a significantly greater chance of
returning to sport and allow them to return to sport significantly quicker. It can also
provide them with a significantly higher rate of fracture union. However, given that
both treatments remain considerable options, all patients should be comprehensively
informed  of  the  benefits  and  risk  of  both  treatment  methods  prior  to  deciding
management. In particular, patients should be made aware of the risk of surgical
complications, which include surgical site infection, neurovascular injury, metalwork-
related symptoms and wound problems. Return to sport during cast immobilisation
should be actively discouraged due to the high risk of non-union. Further prospective
randomised controlled trials should aim to define better the benefit over surgical over
conservative management for treatment of these injuries in athletic patients.

ARTICLE HIGHLIGHTS
Research background
Scaphoid fractures  account  for  over  85% of  all  sport-related carpal  bone fractures  and are
particularly common in sports involving high impact injuries to the wrist. The management of
such injuries comprises both conservative and surgical techniques, as guided by fracture location
and type. Athletes demonstrate a unique challenge with regards to the management of scaphoid
fractures due to their requirement to return to sport as soon as able.

Research motivation
Scaphoid fractures significantly impact an athlete’s ability to return to sport. This topic should
therefore be addressed to understand further the outcome of various treatment options and to
optimise the management of these injuries.

Research objectives
To identify the available literature reporting on the sporting outcomes of both conservative and
surgical management of scaphoid fractures in the athletic population.

Research methods
A systematic review of the available literature was performed, identifying all articles reporting
on return rates to sport (RRS) and return times to sport (RTS) following acute scaphoid fractures.
A total of 160 acute scaphoid fractures were included for analysis.

Research results
The  RRS  for  conservative  management  and  for  surgical  management  were  90% and 98%,
respectively. The mean RTS was lower in the surgical cohort at 7.3 wk, compared to 9.6 wk in the
conservative cohort. Union rate was higher in the surgical cohort at 97% compared to 85% in the
conservative cohort. On meta-analysis, surgical management of scaphoid fractures provided
significantly better RRS, RTS, union rates and mean times to union as compared to conservative
management.

Research conclusions
Most  athletes  can  expect  to  return  to  sports  following  scaphoid  fractures,  with  either
conservative or surgical management. Surgical management did however offer improved RRS,
RTS and union rates. Both treatment options remain appropriate in the management of scaphoid
fractures, and patients should be counselled accordingly prior to treatment decisions. Return to
sport in a cast should be discouraged due to the risk of non-union.

Research perspectives
The management of scaphoid fractures remains a challenge in the athletic population. Further
well-designed  studies  should  aim  to  address  this  topic  in  order  to  provide  a  better
understanding of the RRS and RTS following the various treatment methods for acute scaphoid
fractures in the athlete.
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Abstract
BACKGROUND
Lisfranc injuries are rare and can be easily missed. This injury is extremely rare in
children, with limited published data. Different treatment options have been
described; one of the options in adults is the “mini” TightRope™ Syndesmosis
Device that provides non-rigid fixation with impressive results. However, there is
no reference regarding the use of this device in children.

CASE SUMMARY
We describe the case of an 11-year-old girl who sustained a Lisfranc injury of her
right foot that was initially missed in the Accident and Emergency department of
her local hospital. This case was a ligamentous/periosteal sleeve avulsion type of
Lisfranc injury and a percutaneous technique using the “mini” TightRope™
syndesmosis device was used. Clinical and radiological results were excellent at
final follow up.

CONCLUSION
The “mini” TightRope™ syndesmosis device is a promising method of fixation
for children with certain Lisfranc injuries. This method has many advantages,
including the non-rigid type of the fixation and no need for subsequent
metalwork removal.

Key words: Lisfranc; Injury; Foot; Tightrope; Paediatric; Case report
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Core tip: We describe the case of an 11-year-old girl who sustained a
ligamentous/periosteal sleeve avulsion type of Lisfranc injury of her right foot that was
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initially missed in a local Accident and Emergency department. The “mini” TightRope™
syndesmosis device, can be used safely and effectively in children with certain Lisfranc
injuries, based on experience in the adult literature.
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INTRODUCTION
Jacques Lisfranc de St. Martin (1787-1847) was a French surgeon who lived during the
Napoleonic  Wars.  Lisfranc  (surgeon  and gynaecologist)  was  founder  of  a  great
number  of  surgical  procedures  including surgical  resection  in  rectal  carcinoma,
lithotomy in women and a variety of amputations[1]. In 1815, during the Napoleonic
Wars, he encountered a soldier who suffered from gangrene on his foot after having a
fall from his horse. This is when his name got, for the first time, affiliated with the
terms “Lisfranc joint” and “Lisfranc injury” after performing a tarsometatarsal-level
amputation on this soldier. Although, in reality, Lisfranc did not describe the anatomy
or  the  mechanism  of  injury,  nowadays  his  name  has  come  to  mean  a
dislocation/fracture injury at the tarso-metatarsal joints[2].

Anatomically,  the Lisfranc joint  complex consists  of  ligaments and bones that
connect  the  midfoot  and forefoot  (tarsometatarsal,  intermetatarsal  and anterior
intertarsal joints). Each cuneiform bone articulates with one of the medial metatarsal
whereas  the  lateral  two  metatarsals  articulate  with  the  cuboid.  Apart  from  the
trapezoid geometry of  the  cuneiforms and their  “Roman arch” alignment,  extra
stability is provided by a number of ligaments. The most important is the Lisfranc
ligament that connects the lateral aspect of the medial cuneiform with the base of the
second metatarsal. The ligament is of vital importance to stability in this part of the
foot,  as  there  is  no  ligamentous  connection  between  the  first  and  the  second
metatarsal[3].

Many  different  classification  systems  have  been  proposed,  with  the  first  one
originally  been  described  in  1909  by  Quenu  and  Kuss [4].  That  was  the  first
classification system describing the injuries as homolateral,  isolated or divergent
based on the direction of the displaced metatarsals. Many years later, Hardcastle et al[5]

categorized  these  injuries  in  three  different  types  based  on  displacement  and
incongruity. Myerson followed with modification to Hardcastle’s system (Table 1)[6].
Despite these multiple classification systems, the treatment method and the clinical
outcome do not reliably correlate with any injury type[5,7,8].

Lisfranc injuries are rare (around 0.2% of all fractures) with reported incidence of
1:55000 per year (male:female = 4:1). It occurs more often in athletes and there is a
peak at the third decade of life[9]. The rate of delayed diagnosis is up to 24%, most of
these being pure ligamentous injuries[10].  In children this injury is extremely rare.
There is nothing published regarding the epidemiology of this injury and the largest
series in the literature includes only 52 children over a 12-year period. There are no
specific guidelines regarding the treatment in children and many options have been
described[11].

TightRope™ technique
The TightRope™ syndesmosis device (Arthrex Inc., Naples, FL) was originally made
for the injured ankle syndesmosis to provide non-rigid fixation[12]. Its “mini” version
has  been  used  to  treat  syndesmotic  injuries,  including  Lisfranc  injuries[13].  The
TightRope™ consists of two buttons connected to each other by fiber wire. Tensioning
and compression of the Lisfranc joint can be achieved without using any screws at all.

No articles regarding the use of the TightRope™ in children’s Lisfranc injury were
found. This case report presents the first described case of a Lisfranc injury in a 11-
year-old girl treated with the TightRope™ technique.

CASE PRESENTATION

Chief complaints
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Table 1  Myerson classification system

Incogruity Subtype Description

Type A: Complete - Dislocation of M1-M5 in the same direction (either lateral or dorsoplantar)

Type B: Incomplete B1 Medial dislocation involving only the M1 joint

B2 Lateral dislocation involving any of the M2-M4

Type C: Incomplete/Complete C1 Divergent, incomplete dislocation involving M1 and some of the lateral metatarsals

C2 Divergent, complete dislocation involving M1 and all of the lateral metatarsals

An 11-year-old girl was referred to our clinic by her general practitioner for bilateral
patellar instability with symptoms starting 4 mo prior.

History of present illness
However, two weeks before, she had a fall after tripping, and sustained an injury at
her right foot. On the day of injury she was admitted to the Accident and Emergency
(A and E) department of a different hospital for pain limiting her ability to weight
bear on that foot. Although a clinical assessment and an X-ray were performed, the
injury was initially missed and due to discomfort and pain she was treated with a
walking boot.

Imaging examinations
During the appointment in our clinic, her patella instability was assessed clinically
and radiographically. Increased ligamentous laxity with no previous injury or patella
dislocation was noted. Her family and past medical history were free. However, her
parents mentioned the recent injury on her right foot and described the ongoing
symptoms.  On  examination  there  was  swelling  throughout  the  midfoot  with
tenderness over the tarsometatarsal joint and she was still unable to bear weight. As a
result, apart from the knee X-rays we requested additional X-rays of the right foot
(anteroposterior,  lateral  and  oblique  view)  (Figure  1).  The  X-ray  showed
“malalignment of the intermediate cuneiform with the second metatarsal, with a small
bone fragment of the adjacent bone, in keeping with a Lisfranc fracture/dislocation”.

FINAL DIAGNOSIS
No further laboratory tests were needed but an urgent magnetic resonance imaging
scan  (MRI)  was  scheduled  that  same  day  to  further  assess  the  injury.  The  MRI
revealed: (1) Disruption of the Lisfranc ligament with mild associated displacement of
the first and second metatarsals in relation to the medial and intermediate cuneiforms;
(2) High T2 marrow signal at the bases of the 1st-4th metatarsals; (3) Free fluid around
the tarsal bones;  and (4) Sprain of calcaneonavicular ligament (Figure 2).  A final
diagnosis was made, based on this MRI report of a ligamentous/periosteal avulsion
type Lisfranc injury.

TREATMENT
Based  on  the  clinical  and  radiographical  findings  and  after  having  a  thorough
discussion  with  the  parents,  the  advantages  (improve  bone/ligament  healing,
improve symptoms/pain and increase movement/ROM) and the disadvantages (scar,
infection, nerve/vessel injury, need for additional procedure, stiffness, anaesthetic
risks) of a potential operation were discussed. She was then taken to theatre and
under general  anaesthetic  an examination under anaesthesia revealed instability
between the first and second metatarsals with concomitant dorsal subluxation and
surgical treatment was decided.

Considering the age of our patient and trying to prevent any articular damage we
used the TightRope™ technique under the same anaesthetic. Under c-arm guidance
the medial  cuneiform and base of  second metatarsal  were identified.  Two small
incisions were made, dorsally over the lateral aspect of the 2nd metatarsal base and
over the medial aspect of the medial cuneiform. Reduction of the joint was achieved
with  a  bone  reduction  clamp.  A  drill  hole  (2  mm)  was  made  from  the  medial
cuneiform into the second metatarsal  (base).  The device  was guided and pulled
through under fluoroscopic guidance. The medial cuneiform and the lateral wall of
the 2nd metatarsal base were engaged and the required compression was applied. The
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Figure 1

Figure 1  Pre-operative X-ray showing increased distance between 1st and 2nd metatarsals with small bone
fragment (inside circle).

reduction was maintained after taking the clamp off (Figure 3). Extra care was taken
to be sure that there was no soft tissue between the medial and lateral buttons and
bone surface. Post-operatively, the foot was held in a moonboot for 4 wk, with partial
weight-bearing with crutches for the first two weeks.

OUTCOME AND FOLLOW-UP
In  the  3rd  week the  patient  was  reviewed in  our  clinic.  The  X-ray demonstrated
excellent maintenance of reduction of the Lisfranc joint (2.2 mm distance between 1st

and 2nd  metatarsals  post-operatively,  compared to  7.1  mm pre-operatively)  and
patient’s symptoms had improved (Figure 4). At six weeks post-operatively, after 3
sessions  of  physiotherapy,  the  patient  was  able  to  fully  weight  bear  without
symptoms. At 12 wk post-operatively, the X-ray showed preserved reduction of the
Lisfranc joint and she remained symptom-free.

DISCUSSION
Lisfranc injuries in adults are rare and known to be easily missed[10]. In the paediatric
population the lack of data in the literature suggests that it is even less common or
underdiagnosed or a combination of both. There are few studies of Lisfranc injuries in
children and thus the treatment strategies are based on the reported results applying
to adults. Depending on the mechanism of injury and its result (ligamentous and/or
osseous  injury),  different  treatment  options  have  been  described  including
conservative treatment,  use of k-wires and/or screws and/or plates[11,14,15].  These
methods seem to offer really stable fixation but disadvantages and complications have
been reported including screw breakage, reduced range of motion and pain of the
affected area, extensive cartilage damage, prolonged immobilization period and need
for additional procedures to remove the screws[16-19]. Specifically, a cadaveric study
showed that use of a 3.5 mm trans-articular screw can lead on to significant damage of
the tarso-metatarsal joint[16]. Dorsal or plantar plating with locking, low-profile plates
seem to provide adequate outcomes and stability[16,20]. Recently, the mini-TightRope™
technique was described as an option in the treatment of isolated Lisfranc ligament
injuries with promising results. However, further studies are needed to confirm the
long-term results[13,21,22].

The TightRope™ construct is made of 2 buttons (one flat 5.5 mm round stainless-
steel button and a second oblong 2.6 mm × 8.0 mm stainless-steel button) connected to
each other by 4 strands of #2 fibre wire. This structure creates a double pulley system
between the two anchored ends which allows for better compression between the two
bones. Usually, a two-incision technique is used with the first one being dorsally
between the 1st  and 2nd  metatarsal and the second incision medially to the medial
cuneiform. Extra care should be taken to protect the neurovascular bundle lying
dorsally. After reducing the fracture/dislocation with a clamp and under fluoroscopic
guidance, a drill is made from the medial cuneiform into the second metatarsal base
over  a  guide  wire  (or  retrogradely).  The  suture  passes  through this  hole  and is
tightened making sure that the buttons remain flush over the cortex and the reduction
is maintained. Further radiographs are obtained to confirm it and anatomic alignment
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Figure 2

Figure 2  Magnetic resonance imaging image series.

is checked with direct inspection.
Brin et al[13] in their case series of adults highlighted the advantages of this method,

in addition to the excellent clinical results that were reported. Non-rigid fixation
seems to enhance healing, early weight bearing and early mobilization. Additionally,
this method has a short learning curve and there is no need for a second operation to
remove the metalwork[13].

In 2009, a cadaveric study concluded that the suture-button technique can provide
similar results when compared to screw fixation with the advantage of avoiding an
additional operation to remove the hardware prior to weight bearing[22]. To the best of
our knowledge, this is the first description of a paediatric Lisfranc injury treated with
TightRope™. Our case was a ligamentous/periosteal avulsion Lisfranc injury and
therefore we opted to follow this method, based on the adult literature[13,22,23].

Although our hospital is a tertiary hospital this kind of injury is rarely seen. From
our database search we managed to find only a few cases in the last ten years. Most of
them were treated with open reduction and internal fixation (ORIF) with plate and
screws. Two cases in which there was no displacement, and mild tenderness, were
treated  conservatively.  No  complications  were  seen,  apart  from  post-operative
stiffness in the ORIF “group” and the need for additional procedure to remove the
metalwork.

Literature dealing with Lisfranc injuries in adolescents/children are extremely
limited (Table 2).  Veijola et al[14]  in their retrospective study included six patients
(range 13 to 16 years) treated with ORIF. In all but one case, they achieved anatomical
reduction,  but  most  patients  claimed discomfort  in  the  injured foot.  Hill  et  al[11]

reviewed 56 children treated for bony or ligamentous Lisfranc injuries with ORIF or
non-operative management. These authors didn’t find any correlation between age
and type of injury but concluded that a large percentage of patients, even if they had
open physes,  required surgery.  An important  limitation was the lack of  data on
outcomes and follow-up[11].  A case of a 10-year-old girl  who sustained a Lisfranc
fracture-dislocation in 2013 was presented by Lesko et al[24] last year. Injury was fixed
with ORIF but now (5 years post-operatively) she has developed functional pain and
radiographic evidence of degenerative arthritis. All the other articles found in the
literature did not deal with treatment and outcome but discussed the mechanism of
injury which was not the focus of this report[15,25,26].

This minimally invasive technique has many advantages: (1) reduced duration of
the procedure; (2) non-rigid type of the fixation that allows early mobilization; (3)
prevention of cartilage damage; and (4) no need for metalwork removal. The main
limitation of this study is that it is just a case report, but we hope that it will open the
way for further research using this technique for ligamentous Lisfranc injuries in
children.

CONCLUSION

WJO https://www.wjgnet.com February 18, 2019 Volume 10 Issue 2

Tzatzairis T et al. Pediatric Lisfranc injury treated with TightRope™

119



Figure 3

Figure 3  Intra-operative X-ray confirmed maintance of reduction after removal of bone reduction clamp.

The TightRope™ syndesmosis device technique in children with ligamentous Lisfranc
injuries is efficacious as it combines the advantages of a percutaneous technique with
a less rigid type of fixation and good short-term results. Further research is needed to
confirm its routine use in children.
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Table 2  Current literature dealing with Lisfranc injury in children/adolescents

Article Type of study No. of patients Type of fixation Result

Lisfranc Injury in
Adolescents (Veijola et al[14],
2013)

Retrospective 6 ORIF Good anatomical reduction,
post-operative discomfort

Lisfranc injuries in children
and adolescents (Hill et al[11],
2017)

Retrospective 56 ORIF (19); Conservatively
(37)

Good post-operative results
with rare complications
(physeal arrest, broken

implant)

Midfoot Degenerative
Arthritis and Partial Fusion
After Pediatric Lisfranc
Fracture-Dislocation (Lesko
et al[24], 2018)

Case report 1 ORIF Functional pain and
radiographic evidence of

degenerative arthritis: 5-yr
post-operatively

Pediatric Lisfranc injury:
“bunk bed” fracture
(Johnson[15], 1981)

Retrospective 16 - Pathogenesis of Lisfranc
injury

Plantar-flexion
tarsometatarsal joint injuries
in children (Buoncristiani et
al[25], 2001)

Retrospective 8 Conservative Early degenerative changes
can occur and may be

responsible for chronic pain
and activity limitation

Tarso-metatarsal joint
injuries in children
(Wiley[26], 1981)

- - - Pathogenesis of Lisfranc
injury

ORIF: Open reduction and internal fixation.

Figure 4

Figure 4  Post-operative x-ray (3rd week) on the left side and pre-operative X-ray on the right side.
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