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m HIP ARTHROPLASTY: MANAGEMENT FACTORIALS
Total hip arthroplasty in patients with
neuromuscular imbalance

Patients with neuromuscular imbalance who require total hip arthroplasty (THA) present
particular technical problems due to altered anatomy, abnormal bone stock, muscular

imbalance and problems of rehabilitation.

In this systematic review, we studied articles dealing with THA in patients with
neuromuscular imbalance, published before April 2017. We recorded the demographics of
the patients and the type of neuromuscular pathology, the indication for surgery, surgical
approach, concomitant soft-tissue releases, the type of implant and bearing, pain and
functional outcome as well as complications and survival.

Recent advances in THA technology allow for successful outcomes in these patients. Our
review suggests excellent benefits for pain relief and good functional outcome might be

expected with a modest risk of complication.

Cite this article: Bone Joint J 2018;100-B(1 Supple A):17-21.

There are two broad subgroups of patients with
neuromuscular imbalance who present with an
osteoarthritic hip. In the first, the disease pro-
cess is of early onset leading to dysplasia of the
hip and degenerative arthritis (Fig. 1). This may
be seen in conditions such as cerebral palsy or
myelomeningocele. In these patients, the bony
anatomy is often associated with muscular
imbalance. In the second group, the degenera-
tive hip has developed independent of the neu-
rological condition as may occur in patients
with a cerebrovascular accident or Parkinson’s
disease. Here, the bony anatomy may be normal
and the muscle imbalance is the main problem.

The muscular tone may be flaccid or spastic.
In flaccidity, the tone is decreased as in poliomy-
elitis, Down syndrome or myelomeningocele. In
case of spasticity, the tone is increased as in cer-
ebral palsy, Parkinson’s disease and following a
cerebrovascular accident (CVA). There may be
some imbalance, such as over-activity of the
adductors and flexors of the hip. The muscular
tone will influence the type of soft-tissue release
to be considered at the time of surgery, as well as
determine the risk of dislocation after total hip
arthroplasty (THA).

For the surgeon reviewing a patient with
neuromuscular compromise and end-stage
osteoarthritis of the hip, three issues need to be
considered: the timing of the neuromuscular
event, the resultant muscular tone and the
residual sensation in the limb. The expecta-
tions of the patient and family are also impor-
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tant, as well as the availability of resources to
support a comprehensive rehabilitation pro-
gram.

If the neuromuscular event preceded skeletal
maturity, the size and shape of the skeleton
may be affected (Fig. 2). This will influence the
choice of implants and the type of fixation. On
the acetabular side, the key issues will be the
level of the acetabulum, its size and shape and
the quality of the surrounding bone which will,
for instance, be poor in patients with polio-
myelitis. On the femoral side, the canal may be
stenosed, deformed, anteverted, lacking in off-
set and osteoporotic. There may also be an
associated deformity due to previous surgery,
and retained hardware used for the fixation of
an osteotomy (Fig. 3)

In conditions such as myelomeningocele,
patients have significant loss of sensation. This
is important as it influences surgical planning,
rehabilitation and the survival of the compo-
nents. A previous article in this journal has
reviewed THA in several neuromuscular con-
ditions and provided the expert opinion of the
senior author.! The aim of this paper is to pro-
vide a systematic review of the currently avail-
able literature prior to April 2017 reporting
the outcomes of THA in patients with neuro-
muscular imbalance.

Materials and Methods
We conducted a literature search on the
PubMed Database (United States National
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Fig. 1

Pre-operative anteroposterior radiograph of a patient with a deformity
that developed before skeletal maturity due to spina bifida. The hip is
dysplatic with a high dislocation. There is poor bone stock in the acetab-
ulum. The femur is anteverted and has a narrow canal. The patient also
has a leg length discrepancy.

Fig. 2

Radiograph showing a total hip arthroplasty (THA) using a short non-
modular tapered titanium cone stem that allows restoration of version
and length with early stable fixation. A porous acetabular shell with
additional screw fixation placed in the true acetabulum allows the use
of a focally constrained liner, in order to decrease the risk of instability.

Library of Medicine) and Google Scholar for articles pub-
lished prior to 01 April 2017. The search terms used were
“hip arthroplasty”, “hip replacement”, “neuromuscular”
and “neurological”. The search was restricted to the Eng-
lish language to allow detailed review of the articles. All
case series were included in the analysis. Further quality
assessment of the articles was not undertaken as they were
all of similar methodological rigour (case reports or case
series).

Demographic data including the type of neuromuscular
pathology, indication for surgery, surgical approach, con-

Fig. 3

On the femoral side, the canal may be stenosed, deformed, ante-
verted, lacking in offset and osteoporotic. In addition there may be
superimposed deformity due to previous surgical intervention, as well
as retained osteotomy fixation hardware.

comitant releases, the type of implant and bearing, pain and
functional outcome as well as complications and survival
were extracted by one author (SK), were excluded from the
studies and compiled in an Excel (Microsoft, Redmond,
Washington) document.

Results

A total of 29 studies were include one of which ana-
lysed two different study cohorts.?’ The neuromuscular
conditions reported were cerebral palsy (CP), poliomyelitis,
Parkinson’s disease, Charcot joint, CVAs, spinal injury, dia-
strophic dysplasia and myelomeningiocoele.

The age of the patient at surgery. In patients with early
onset of neuromuscular abnormalites, including those with
cerebral palsy, poliomyelitis and Down syndrome, the age
of presentation for THA is considerably younger than that
expected in general for patients with osteoarthritis.?3!
The mean age was between 19 and 48 years (Table I).
Indication for surgery. Pain was the single primary indica-
tion for THA in all studies reviewed. Inability to walk was
not considered a contraindication. Several authors offered
the procedure to wheelchair bound patients for pain relief
and to aid with assisted transfers.®®!” Fracture was a com-
mon indication in patients with a CVA and Parkinson’s dis-
ease.!®

Incidence of previous non-arthroplasty operations. Many
patients undergoing THA have had previous operations,
such as a soft-tissue release, osteotomy, excision arthro-
plasty, open reduction and internal fixation and spinal
fusion. The percentage of patients who had undergone pre-
vious surgery, when this was reported, was 40%,'? 53%,°
56%,% and 60%.%

Surgical approach. All studies dealing with early onset neu-
romuscular imbalance in patients with cerebral palsy,

d’2—30
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Table I. A summary of the studies analysing total hip arthroplasties in patients with neuromuscular compromise.

19

Neurological Mean age
Study THA (n) condition (yrs, range) Follow-up (yrs)  Implant /surgical details Complications Outcome Survival
Schroeder” 18 Cerebral palsy 42 (3210 58) 10 (20 18) Cemented and uncemented 2 component revisions for aseptic 77% pain-free; 4 (22) of 18 hips revised
one i liner i 1 revision for 92% improved function
recurrent dislocation;
1 hip revision for infection;
1 closed reduction of dislocation
Raphael® 65 Cerebral palsy 31 (1410 61) 9.7 (2to 28) Cemented, uncemented, and hybrid 8 dislocations; 9 revisions 81% pain-free; 95% at 2 years; 85% at 10 years
components; 22 and 32 heads, no 100% improved function
constraint
Sanders® 10 Cerebral palsy 54 (43 to 61) 33(1.8t04.7) Dual mobility articulation 1 periprosthetic fracture from fall 90% pain reduction; N/A
90% improvement in function;
improvement in Short Form 36
Yoon'? 5 Cerebral palsy 36 (20 to 56) 6.8(58t083)  Uncemented components; 1 traumatic dislocation treated 100% pain reduction; function No loosening, wear or fracture
ceramic-on-ceramic articulation with closed reduction and brace improved in 60% of patients
Houdek* 39 Cerebral palsy 49 (21 t0 74) 3(0.3t08.0) 5 dual-mobility liners; 2 lipped liners; 2 aseptic ignificant imp in 92% at 2 years; 88% at 5 years;
4 femoral head augmentations 2 recurrent instabilities; mobility and use of walking aids 81% at 10 years; 81% at 15 years.
1 deep infection
Morin® 20 Cerebral palsy 19 (13t0 31) 5.3(0.75t0 12.3) Dual mobility articulation 6 revisions (2 infections, 2 D in pain; N/A
nonunions, 1 femoral loosening, minimal improvement in function;
1 troch detachment, 1 osteoma, GMCFS Level V
1 femoral head dislodging from taper);
4 non-operative complications (2 proximal
metaphyseal fractures, 1 acetabular
loosening, 1 lateral cortex resorption)
Schérle 18 Cerebral palsy 49 (24 to 67) 46(1.56t0124) N/A 1 dislocation; 1 femoral aseptic 81% pain-free; 88% improvement N/A
loosening; 1 periprosthetic fracture in function
Weber and Cabanela? 16 Cerebral palsy 49 (22 t0 79) 9.7(2.5t021.0) 12 all cemented components; 1 revision (aseptic loosening); 87% good to excellent reductionin  N/A
2-all surgeries (1 avulsed pain; 79% improvement in function
2 hybrid components trochanter, 1 adductor tenotomy)
Buly? 19 Cerebral palsy 30 (16 to 52) 10.1(3.1t0 16.8) C ted 11 di 3 revisions 89% pain reduction; 95% at 10 years for aseptic
hip spicas in 16 patients post-operatively 94% improvement in function loosening; 86% at 10 years for
any reason
Ries™ 1 Cerebral palsy N/A 2t07 N/A 6 major complications requiring 100% were more independent N/A
additional surgery
Root™ 15 Cerebral palsy 31(16t0 52) 9.8(251t012.0) NA 13 dislocations 93% pain free; 87% improvement N/A
in function
Blake's 2 Cerebral palsy 14 2 Complete pain relief; improvement None 100% pain-free; 100% improvement  100%
in function in function
Park'® 19 11 cerebral infarctions; 72.6 (62 to 81) 17.2(12t0 16) 2-incision approach; large diameter 1 death aspiration pneumonia, HHS 81; WOMAC 42.9 N/A
4 cerebral metal-on-metal 1 delirium, 1 urinary tract infection
haemorrhages;
4 cases of
Parkinson’s disease
Alosh"” 30 12 cases of CP; 48.6 (29 to 75) 25(2.1t012.0) Uncemented press-fit; modular femur 1 intra-operative calcar fracture; 100% improvement in mobility N/A
9 traumatic brain in 3 for severe dysplasia; acetabular 1 deep infection and resection
injuries; 3 cases of CVA; augments/ femoral heads for support;  arthroplasty;
2 cases of MS, constrained liners in 2 cases 3 superficial infections DAIR
1 spinal cord injury
Robb'® 1 Charcot jointitabes  N/A N/A N/A N/A N/A N/A
dorsalis
Sprenger and Foley™® 1 Charcot joint/tabes 61 7 N/A None N/A N/A
dorsalis
Meek? 1399 CVA N/A N/A N/A 0.0t0 0.3 annual dislocation rate N/A N/A
Meek? 2394 Parkinson’s disease N/A N/A N/A 0.0 to 0.46 annual dislocation rate N/A N/A
Dicaprio?' 31 CVA 68 (43 to 84) 2(1to6) L 1" i ificati N/A N/A
cemented femoral component
Kosashvili® 9 Down syndrome 35 (25 to 47) 10 (210 23) Uncemented components; None Significant improvement in 2 stem revisions, at 6 and 16 years
6 constrained liners HHS. 41.1 (sD 15.1) to 69.1 (sD 9.7)
Weber?? 3 Myelomeningocoele 45 (28 to 54) 7.6 (5t0 10) 1 all-cemented component, 3 dislocations; 2 revisions Poor pain relief N/A
1 all-uncemented component,
1 hybrid component
Weber? 107 Parkinson’s 72 (57 to 87) 7.1(2.0t021.0) L and 6 i (all 93% pain relief N/A
disease 7 tenotomies 3 cases of aseptic loosening;
28 post-operative medical
complications
Yoon? 10 Poliomyelitis 48 (32 to 59) 3(3410130)  Cementless components Anterior dislocation in 1 hip Pain reduction; improvement 0 revisions at 7 years
in function
Laguna and Barrientos? 1 Poliomyelitis N/A 38 N/A N/A N/A N/A
Spinnickie and Good- 1 Poliomyelitis N/A 0.6 N/A Dissociation of the femoral head N/A N/A
and trunnion
Wicart? 2 Poliomyelitis N/A 5 N/A Anterior dislocation in 1 hip N/A N/A
Cabanela and Weber?® 5 Poliomyelitis N/A 2to8 N/A None N/A N/A
Cameron® 1 Poliomyelitis N/A 3 N/A N/A N/A N/A
Helenius? Al Diastrophic N/A 7.8 (510 19) N/A 7 undisplaced femur fractures; Significant improvement in 4 patients required revision
dysplasia 1 femoral nerve laceration; HHS from 44 to 71 at 9.4 yrs (range 4.1 to 15.6)
1 femoral nerve paresis;
1 posterior dislocation;
& revisions of the acetabulum for
aseptic loosening
Becker®® 6 Spinal injury 394(23t057)  1(05t02.0) N/A None N/A N/A
THA, total hip arthroplasty; GMCFS, Gross Motor Function Classification System; HHS, Harris Hip Score; WOMAC, Western Ontario and McMaster Unis Osteoarthritis Index; CVA, accident; MS, multiple sclerosis; DAIR, debridement,

antibiotics, and implant retention

poliomyelitis and Down syndrome reported the use of a
trans-gluteal lateral or posterolateral approach. 7->*° Other
approaches included trans-trochanteric,’ and lateral
approach with trochanteric osteotomy.® Park et al'®
reported the use of a minimally invasive two-incision
approach. However, these authors were dealing with adult
patients with CVAs or Parkinson’s disease, with a mean age
of 72 years (62 to 81).

Choice of components and bearing. Both  cemented  and
cementless components have been reported with success.
Some authors also reported the use of femoral head® or
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metallic'” acetabular augments. The choice of articulation
was varied (Table I). Some authors reported selective use of
constrained liners for instabilty, abductor insufficiency or
hyperlaxity.>”!'” Yoon et al'” reported good outcomes
when using a ceramic-on-ceramic bearing. A dual mobility
articulation was used by some authors to increase
stability.*%’

Intra-operative soft-tissue releases. Adductor and flexor releases
were the most commonly reported soft-tissue proce-
dures.*”*17-24 Some authors had strict indications for a
soft-tissue release. Raphael et al® reported adductor release
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for abduction of < 30°. Alosh et al'” suggested a release
when there was an adduction contracture of > 15° and a
flexion contracture of > 30°. They also suggested the need
to consider Achilles tendon lengthening and split tibialis
anterior tendon transfer pre-operatively to aid mobilisation
in some patients.'”

Post-operative bracing. Post-operative bracing was not uni-
versally described in these patients. The use of a hip spica,®
an abduction brace®!”?* and a knee brace,®'” for between
three and six weeks, was described in some patients.
Surgical outcome. Pain relief was the single significant gain
(Table I). Most patients were pain free, with some reporting
improvement and very few reporting persistent pain.

Function improved post-operatively in all patients (Table I).
Some authors reported that mobility was regained in some
wheelchair bound patients”!” and others used walking aids
less.>”*%17 Morin et al® reported the least gain in function
but they were dealing with wheelchair bound patients who
did not regain mobility.

Improvements in hip scores and health related quality of
life measures were reported by some authors (Table I). A
recent study* compared 39 patients undergoing THA with a
diagnosis of cerebral palsy matched 1:2 with a group of
patients undergoing THA for osteoarthritis. At a mean
follow-up of seven years, there was no difference in the rate
of re-operation, the survival of the components, or compli-
cations, specifically dislocation, between the groups. All
patients had moderate or severe pain pre-operatively, and
none had this severity of pain post-operatively. A total of 23
patients had improved independent mobility, and all pre-
operative hip flexion contractures were corrected. There
was also a significant improvement (p < 0.0001) in the
mean Harris Hip Scores.

Table I summarises the implant survival and complica-
tions. The rate of complications was between 0% and 24 %.
Dislocation was a common complication. A higher infec-
tion rate than seen with THA in patients without neuro-
muscular abnormalities was not observed by any of the
studies reported here.

Charcot arthropathy may be seen with inadequately
treated syphilis (tabes dorsalis) and other neuropathic dis-
orders such as diabetes mellitus, syringomyelia, peripheral
nerve injuries, peripheral neuritis secondary to alcoholism
and vitamin deficiency, congenital absence of pain syn-
drome and myelodysplasia. Rapata and Obrebski’
described two patients with Charcot arthropathy due to
tabes dorsalis. One had two atraumatic dislocations post-
operatively requiring eventual revision, and one atraumatic
dislocation after contralateral THA. At ten years post-
operatively, this patient had good function. The other
patient had no complications, 9.5 years post-operatively.
Earlier reports from the 1980s were also equivocal with
regards to outcome in this situation. Sprenger and Foley!”
reported a successful seven-year outcome with cemented
THA and a large femoral head (38 mm) and Robb et al'®

reported recurrent dislocation in their patient which ulti-
mately resulted in an excision arthroplasty.

Discussion

This review summarises the reports of THA in patients with
neuromuscular imbalance during the last two decades.
Good outcomes have been reported in mobile patients and
wheelchair users. The indication for THA is primarily pain
followed by functional improvement. The greatest gain was
in pain relief, but some improvement in function can also
be expected. A modest rate of complications may be asso-
ciated with THA in these patients which the surgeon and
patient/carer should be aware of.

This review had limitations. Our search attempted to
identify all available literature on this topic. Non-English
language literature had to be excluded. Isolated case reports
were added where available but had limited generalisabil-
ity. One of the most important limitations is the small num-
ber of patients in each study and the heterogeneous nature
of the patients in the studies. There was no uniform system
of reporting post-operative outcomes. Pain scores were fre-
quently used. Some authors reported the Harris Hip Score
but this may not be relevant for most patients with neuro-
muscular imbalance. Function was often reported using the
Gross Motor Function Classification System (GMFCS),
which uses a scale of level I to V of increasing limitation of
independent mobility, use of walking aids and of a wheel-
chair.>* In the absence of other reliable outcome measures,
an improvement in GMFCS level has been used to indicate
a successful outcome. The choice of articulation, the use of
a dual-mobility component or of a constrained liner was
not uniform in all studies. In the absence of long-term stud-
ies, the drawbacks of constrained liners in primary THA
may not be obvious. However, it may be that this is accept-
able practice in patients with low functional demands and
limited mobility and with a high risk of instability. We have
not included another option available for treating these
patients, namely hip resurfacing with or without derotation
osteotomy.>* Currently the use of resurfacing has declined
and several of the smaller resurfacing femoral heads with
associated dysplasia cups have been withdrawn from the
market.

Little has been written about the outcome and complica-
tions of THA in patients who have suffered a cerebrovascu-
lar accident (CVA). One report found a low rate of
dislocation after THA, < 0.4% in a large registry based
study of over 14 000 THAs.? The authors hypothesised
that this may be due to reduced mobility in these patients
and suggested that THA should not be withheld under
these circumstances and that the routine use of a con-
strained liner was probably unnecessary. The other consid-
eration when performing THA in a patient who has had a
CVA is the high incidence of heterotopic ossification (HO).
DiCaprio et al*! reported that HO occurred in 11 of 31
patients (36 %) who underwent THA after a CVA. Surgeons
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may wish to consider prophylaxis using a course of oral
anti-inflammatory medications in this situation.

The challenges of undertaking THA in patients with a
neurological disorder include difficulties with pre-operative
counselling, altered acetabular and femoral anatomy, deal-
ing with effects of previous surgery to the hip, the need for
altered post-operative rehabilitation and a high rate of
complications.

Based on this review, we cannot recommend any particu-
lar approach, implant, articulation or type of fixation.
Authors have reported good outcomes with their preferred
techniques. The functional gain from THA in these patients
is encouraging and the procedure should be offered to
symptomatic patients with appropriate counselling. The
surgeon should make a balanced decision taking into
account all options for the management of neuromuscular
imbalance such as non-surgical management, corrective
osteotomies and resection arthroplasties.

In our opinion, contemporary THA with choices of fixa-
tion and constraints allows successful implantation with
significant gains for the patient from pain relief and func-
tional improvement with a modest rate of complications.

Take home message:
- Current advances in THA technology allow for successful

P

imbalance.

outcomes in hip arthroplasty in patients with neuromuscular

- Our review suggests excellent benefits for pain relief along with good
functional outcome and a modest risk of complications.

Author contributions:
S. Konan: Data collection, Writing the paper.
C. P. Duncan: Conceptualised topic, Data collection, Writing the paper.

The author or one or more of the authors have received or will receive benefits
for personal or professional use from a commercial party related directly or
indirectly to the subject of this article. In addition, benefits have been or will be
directed to a research fund, foundation, educational institution, or other non-
profit organisation with which one or more of the authors are associated.

This article was primary edited by J. Scott.

This paper is based on a study which was presented at the 33rd annual Winter
2016 Current Concepts in Joint Replacement meeting held in Orlando, Florida,
14th to 17th December.

References
1. Kraay MJ, Bigach SD. The neuromuscularly challenged patient: total hip replace-
ment is now an option. Bone Joint J 2014;96-B(suppl A):27-31.

Buly RL, Huo M, Root L, Binzer T, Wilson PD Jr. Total hip arthroplasty in cerebral
palsy. Long-term follow-up results. Clin Orthop Relat Res 1993;296:148-153.

[

w

Cameron HU. Total hip replacement in a limb severely affected by paralytic poliomy-
elitis. Can J Surg 1995;38:386.

Houdek MT, Watts CD, Wyles CC, et al. Total hip arthroplasty in patients with cer-
ebral palsy: a cohort study matched to patients with osteoarthritis. J Bone Joint Surg
[Am]2017;99-A:488-493.

Kosashvili Y, Taylor D, Backstein D, et al. Total hip arthroplasty in patients with
Down'’s syndrome. /nt Orthop 2011;35:661-666.

Morin C, Ursu C, Delecourt C. Total hip replacement in young non-ambulatory cer-
ebral palsy patients. Orthop Traumatol Surg Res 2016;102:845-849.

Eal

o

o

VOL. 100-B, No. 1, JANUARY 2018

1. Schroeder K, Hauck C, Wiedenhdfer B, Braatz F, Aldinger PR. Long-term
results of hip arthroplasty in ambulatory patients with cerebral palsy. Int Orthop
2010;34:335-339.

Raphael BS, Dines JS, Akerman M, Root L. Long-term followup of total hip
arthroplasty in patients with cerebral palsy. Clin Orthop Relat Res 2010;468:1845—
1854.

©

Sanders RJ, Swierstra BA, Goosen JH. The use of a dual-mobility concept in total
hip arthroplasty patients with spastic disorders: no dislocations in a series of ten
cases at midterm follow-up. Arch Orthop Trauma Surg 2013;133:1011-1016.

10. Yoon BH, Lee YK, Ha YC, Koo KH. Contemporary ceramic total hip arthroplasty in
patients with cerebral palsy: does it work? Clin Orthop Surg 2015;7:39-45.

11. Scharle CM, Fuchs G, Manolikakis G. Total hip arthroplasty in cerebral palsy.
Orthopade. 2006;35:823-833. (in German)

12. Weber M, Cabanela ME. Total hip arthroplasty in patients with cerebral palsy.
Orthopedics 1999;22:425-427.

13. Ries MD, Wolff D, Shaul JA. Hip arthroplasty in mentally impaired patients. Clin
Orthop Relat Res 1994;308:146-154.

14. Root L, Goss JR, Mendes J. The treatment of the painful hip in cerebral palsy by
total hip replacement or hip arthrodesis. J Bone Joint Surg [Am] 1986;68-A:590-598.

15. Blake SM, Kitson J, Howell JR, Gie GA, Cox PJ. Constrained total hip arthro-
plasty in a paediatric patient with cerebral palsy and painful dislocation of the hip. A
case report. J Bone Joint Surg [Br] 2006;88-B:655-657.

16. Park KS, Seon JK, Lee KB, Yoon TR. Total hip arthroplasty using large-diameter
metal-on-metal articulation in patients with neuromuscular weakness. J Arthroplasty
2014;29:797-801.

17. Alosh H, Kamath AF, Baldwin KD, Keenan M, Lee GC. Outcomes of total hip
arthroplasty in spastic patients. J Arthroplasty 2014;29:1566—1570.

18. Robb JE, Rymaszewski LA, Reeves BF, Lacey CJ. Total hip replacement in a
Charcot joint: brief report. J Bone Joint Surg [Br] 1988;70-B:489.

19. Sprenger TR, Foley CJ. Hip replacement in a Charcot joint: a case report and histor-
ical review. Clin Orthop Relat Res 1982;165:191-194.

20. Meek RM, Allan DB, McPhillips G, Kerr L, Howie CR. Epidemiology of disloca-
tion after total hip arthroplasty. Clin Orthop Relat Res 2006;447:9-18.

21. DiCaprio MR, Huo MH, Zatorski LE, Keggi K. Incidence of heterotopic ossification
following total hip arthroplasty in patients with prior stroke. Orthopedics 2004;27:41—
43.

22. Weber M, Cabanela ME. Total hip arthroplasty in patients with low-lumbar-level
myelomeningocele. Orthopedics 1998;21:709-12; discussion 712-3.

23. Weber M, Cabanela ME, Sim FH, Frassica FJ, Harmsen WS. Total hip replace-
ment in patients with Parkinson's disease. /nt Orthop 2002;26:66—68.

24. Yoon BH, Lee YK, Yoo JJ, Kim HJ, Koo KH. Total hip arthroplasty performed in
patients with residual poliomyelitis: does it work? Clin Orthop Relat Res
2014,472:933-940.

25. Laguna R, Barrientos J. Total hip arthroplasty in paralytic dislocation from poliomy-
elitis. Orthopedics 2008;31:179.

26. Spinnickie A, Goodman SB. Dissociation of the femoral head and trunion after
constrained conversion total hip arthroplasty for poliomyelitis. J Arthroplasty
2007;22:634-637.

27. Wicart P, Barthas J, Guillaumat M. Replacement arthroplasty of paralytic hip.
Apropos of 18 cases. Rev Chir Orthop Reparatrice Appar Mot 1999;85:581-590. (in
French)

28. Cabanela ME, Weber M. Total hip arthroplasty in patients with neuromuscular dis-
ease. Instr Course Lect 2000;49:163—168.

29. Helenius I, Remes V, Tallroth K, et al. Total hip arthroplasty in diastrophic dyspla-
sia. J Bone Joint Surg [Am] 2003;85-A:441-447.

30. Becker SW, Rohl K, Weidt F. Endoprosthesis in paraplegics with periarticular ossi-
fication of the hip. Spinal Cord 2003;41:29-33.

31. Kosashvili Y, Taylor D, Backstein D, et al. Total hip arthroplasty in patients with
Down syndrome. Orthopedics 2010;33:629.

32. Harris WH. Traumatic arthritis of the hip after dislocation and acetabular fractures:
treatment by mold arthroplasty. An end-result study using a new method of result
evaluation. J Bone Joint Surg [Am] 1969;51-A:737-755.

33. Rapata K, Obrebski M. Charcot's arthropathy of the hip joints: a late manifestation
of tabes dorsalis successfully treated by total joint arthroplasty. report of 2 cases. J
Arthroplasty 2007,22:771-774.

34. Morris C, Bartlett D. Gross Motor Function Classification System: impact and utility.
Dev Med Child Neurol 2004;46:60-65.

35. Prosser GH, Shears E, 0'Hara JN. Hip resurfacing with femoral osteatomy for
painful subluxed or dislocated hips in patients with cerebral palsy. J Bone Joint Surg
[Br]2012;94-B:483-487.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


